APPENDIX D

SOCIO-ECONOMIC CONDITIONS

3 iy
N

'_a;i.J“ vﬁg _ ‘: _! ) &= i ‘
SEES M ) ilq%fi)\: o
e Y g -’.?';f?ﬁ“n.’f{%’m.’:‘.’%r:‘.. :







< APPENDIX D >

APPENDIX D SOCIO~-ECONOMIC CONDITIONS
IABLE QF CONTENIS
1. ECONOMY OF PENANG ON THE CONTEXT OF NATIONAL ECONOMY ...... D-1
1.1 Economic Planning Framework .. ....ecenvaniinriaanasorsos D-1
1.2 General Features of Penang ECONoOmy .........vve-- ve.. D-1
1.3 Structure of Economy ......vvvvvvens e i e D-1
1.4 GDP Level of the Region . ........ ...t ciiiriinrannsns n-2
1.5 Population and Labour FOICE . ....cuiennerennnnransan D-3
2. ANATOMY OF PENANG ECONOMY ..... ...ttt inierrannensnners D~3
3. ECONOMY OF PENANG IN FUTURE ....... 0ttt scmcnasriacanseenns D-4
4, POPULATION ........ e e s s e e e anan e e D-4
4.1 Population Trend ........ it einnienranerorrsannnn v... D-4
4.2 Future Projected Population ..........cciiiivrirnrnans D-5
LIST QF TARBLES
Table D-1 STRUCTURE OF ECCONCOMY BY INDUSTRIAL SECTOR,

1980, 1985 AND 1990. .. .. ittt it iin i annaans D-7

Table D-2 CONTRIBUTION SEARE ON NATIONAL GDP GROWTH BY
REGION AND STATE ... it ierenntserassaaearnasnesnsen D-8
Table D-3 POPULATION OF THE PULAU PINANG BY DISTRICT ........ D-9

Table D-4 PROJECTED POPULATION AND GROWTH RATE, PENANG
ISLAND . b it et i s m s s aarsa st aae st D-10

LIST OF FIGURES

Fig. D-1 INFLUENTIAL ARFEA OF PENANG ECONOMY ...............0. D-11






< APPENDIX D >

APPENDIX D SOCIO-ECONOMIC CONDITIONS

ECONOMY OF PENANG IN THE CONTEXT OF NATIONAL ECONOMY
Economi¢ Planning Framework

In planing framework, the regional approach to development
is adopted in the Fifth Malaysia Plan (1986-1990) as a
framework for national economic planning because planning on a
state basis have failed to attain the benefits of any large-
scale preject in a particular state.

Malaysia is divided into six, planning regions, namely,
Northern, Central, Eastern, Southern, Sabah, and Sarawak. Each
of these regions, comprising either an entire state or a group
of neighbouring states, is dominated by at least a single urban
centre. In case of Northern Region, this urban centres are
Ipoh and Georgetown.

With the completion of the East-West Highway, the North-
South Highway and the Penang Bridge and the improved facilities
at the Penang Port and the Bayan Lepas International Airport,
Penang is expected to improve its role as a regional centre and
expand its sphere of influence even to the East Coast.
Influential Area of Penang Boonomy is shown in Fig. D-1,

General Features of Penang Economy

The Northern Region is characterized by a large but
narrowly-based manufacturing sector and a mobile populaticn.

Since Penang is a major centre in the Northern Region with
the largest metropolitan port base in the area, it's economy is
affected by the overall growth of the region and the
competitive linkage within the state and other states in the
region. The areas which generally fall under the influence of
the Penang economy include the whole of Kedah/Perlis and the
Northern half of Perak, with Kelantan being a potential
addition, through the East-West Highway connection. in
addition, with the development of North-South Highway, the new
Penang Bridge and the improved facilities at the Penang Port,
the degree of integration and interaction with the region and
the nation as a whole will further increase in the future.

Structure of Economy

Structure of Penang ecconomy by industrial sector is
compared with national/regional levels in Table D-1.
Contribution of states and regions to national economy 1is shown
in Table D-2.

Pominant growth core of Penang economy is occupied by a
manufacturing sector, accounting for 41.0% of the whole
production in Penang. This dominant position of manufacturing
sector is sharply prominent in comparison with the national
average of 20.6% and North Region's figure of 5.1%. And alsc
this suggests that manufacturing sector with a high value added
can lead Penang economy ©o rise in a dynamic spiral of growth
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in'progress that economic backward and forward linkages are
accumulated in the region.

The contribution of manufacturing sector is very impressive
in the Northern Regions as well as Central and Southern
Regions. The shares of this sector output in the respective
regional GDPs were 21% for the Northern Region, 26% for the
Cenktral Region, and 22% for the Southern Region compared with
19% at the national level, in 1985, These three regions
together accounted for 88% of the total manufacturing sector
oulput of the country.

The manufacturing sector of the region grew at 4.0% pex
annum during the period of 1981-1985. The increase in
manufacturing output is largely originated from Perak and
Penang, which together accounted for more than 90% of the
increment in the region.

Manufacturing is followed by sub-sectors of secondary
industry. Their title and composition share are as follows;

- Wholesale, retail trade, hotel and restaurants} 13.7%

-~ Electricity, gas and water, 2.9%

- Transport, storage an communication 11.6%

-~ Finance, insurance, real estate, and business service

8.4%

These tertiary sub-sectors accounts for 36.6% in total of
whole Penang economy and are ranked at a slightly higher than
national level of 32.5%, and far higher than Northern average
of 6.9%.

Agricultural/fishery sector occupies 4.2% of total Penang
economy in production, far less than the national level of
18.2%. This share has shown a gradual decreasing tendency
since 1980 in parallel with that of national average figure.
Composition share of agriculture/fishery sector is leveled at
same level as the average figure of Northern Region.

The output of agricultural sector was the highest in the
Northern Region, but the rates of growth in output and
productivity were relatively less impressive compared to the
other regions.

GDP Level of the Region

The GDP per capita of Northern Region in 1985 was 53,162 or
84% of national average. This GDP per capita was growing at
2.4% per annum during the period. The State of Penang was the
most developed in the Northern Region with a GDP per capita

which is 10% higher than the national average. The three
remaining states had a GDP per capita lower than the national
average, ranging from 63% for Kedah to 85% for Perak. The

ratics of GDP per capita to national average for all the states
in the region were lower in 1985 comwpared with their ratios in
1980, indicating that these states grew less rapidly during the
period.
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Population and Labour Force

The Northern and Central Regions had the largest
concentration of population in the country in 1985, With about
eight million people, the Lwo regions accounted for more than
50% of the total population, with the Northern Region having a
slightly larger share of 28% of the total population, The
share of population in the other regions was significantly
" less, with the Sabah Region having the smallest share of about
7%,

Given the growing labour force in the region and the
limited number of jobs created during the period, agricultural
states like Kedah experienced the highest unemployment rate in
the region as well as sustained emigration. The relatively
higher capacity of Penang to create employment in the secondary
sector accounted for its relatively lower unemployment rate in
1985,

Employment creation was significant in the manufacturing
sector, out of 15,000 jobs created in the manufacturing
sector, Penang and Perak together accounted for about 13,000
jobs.

In the urban hierarchy of towns, based on population,
Georgetown ranked number two after Kuala Lumpur in 1970.
However by 1980 its ranked has.dropped to third below Kuala
Lumpur and Ipoh. The population of Georgetown has in fact been
decreasing. In terms of trade and economy, however Georgetown
still remains in the second rank after Kuala Lumpur.

ANATOMY OF PENANG ECONOMY

Penang Island has been traditionally a trading, commercial
and Entreport centre and today it continues to be a major
growth centre in Peninsular Malaysia. Several major projects
have been implemented in the past or are under implementation
to facilitate the emergence of Penang as a regional centre.

In terms of national output, the manufacturing sector
continued to spearhead growth with a 15.3% expansion. For the
second consecutive year, the sector also continued to maintain
its position as the leading contributor to total &.D.P.,
accounting for 24% of the national average. Expansion in
manufacturing output was across the board with the majority of
the industries registering double digit growth rates. The main
impetus for this robust expansion was the enhanced performance
of the traditional export-oriented industries of electronics
and electrical goods, which increased by 17.7%, while rubber-
based products grew by 75.6%. The growth of the textile and
garment industry was rather slow and was only 4.1%.

The Penang economy likewise benefited from the development
at national level. 1In 1988, it was estimated that the G.D.P.
of the State grew by 8.9% compared to 6.6% in 1987. The
manufacturing sector continued to spearhead the expansion of
the economy of the State and grew at 15% in 1988. This sector
continued to be the leading contributor accounting for 45.2% of
the GDP of the State.. The manufacturing output sector
continued to grow during the year and this was reflected in a
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7.9% increase in cargo tonnage handled by the Port of Penang in
1988.

During the year, MIDA approved a total of 732 manufacturing
projects for the country, an increase of 219.8% over 1987.
Potential employment from these projects was 136,000 while
proposed capital investment was 9.1 billion Malaysian Ringgit
compared with 3.9 billion Malaysian Ringgit in 1987.

The State of Penang maintained its third ranking amongst
the States in the country with a total of 73 new approved
manufacturing projects for 1988. Potential employment by these
projects was 17,833 while proposed capital investment was 730
million Malaysian Ringgit. This compares favourably with the
59 projects approved for 1987, with potential employment of
16,662 and proposed capital investment of 636 million Ringgit.

The real estate market responded favourable to the
expansion of economy. Work resumed on many of the residential
and commercial development projects which had been shelved or
delayed. The high demand for factory premises also helped to
boost the construction sector as a whole in 1988. This sector
was estimated to have recorded a marginal growth of 1.6%.

The tourism sector too showed signs of recovery, with the
direct arrival of foreign visitor to the State growing by
14.6%, with an absolute increase of 22,500 over 1987.
Occupancy rates at leading hotels averaged 66.4%, reflecting
the mood of the sector in the States.

Although employment by manufacturing sector and its output
in Penang and Perak had registered steady growth, still Penang
is characterized by a rather narrow industrial base., More than
46% of the employment by manufacturing in Penang were
concentrated in electrical, machinery and equipment sub-sector,
especially electronics. The electronics industry attracted
female labour from neighbouring states, especially Kedah and
Perak, inte Penang. Despite the inflow of immigrants, Penang
recorded a net emigration. A sizeable number of emigrants from
Penang, who were largely males and better educated than the
immigrants, moved to the Klang Valley in search of employment
in modern sectors.

3. ECONOMY OF PENANG IN FUTURE

With forecasts of increasing real growth rates in newly
industrializing nations and the projected stabilization of
prices of commodities, the Malaysian economy is forecasted to
experience a steady growth of 6.5% in 1989. Penang with the
manufacturing sector as its main engine of growth is expected
to benefit from this uptrend and is estimated to grow by 9%
during the coming year.

4. POPULATION
4.1 ©Population Trend

According to population census of 1980, the total
population of Penang Island was approximately 547,300 people,
and that of whole state was 1,068,900, Penang is among the
states with the lowest growth rates in the decade of 1970 -
1980, with an average annual growth rate of 1.5%, while that of
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the Island was even lower with 0.9%. This figure is very much
lower than the average annual growth rate of 2.2% in the same
decade for Peninsular Malaysia.

At district level, the average annual growth rates for the
same decade for Georgetown registered a negative growth rate of

about =~0.8% per annum, This reflect decentralization of
population from Georgetown to other secondary urban centres
such as air Itam, Gelugor, Tanjung Tokong. It also indicates

that the areas on the western part of the island like Balik
Pulau, Pondok Upeh registered a decline in peopulation.

Georgetown registers a constant increase of population
since 1981 according to the population data shown in Table D-3.
However, this is attributable to the method of estimation which
is based on the mortality and fertility rates, rather than
registration of accurate inhabitants.

average population density of the Island is about 1,650
persons per sg.km. North East District with a population of
455,500 is much denser with 93,370 persons per sg.km. than the
South West District with a population of 91,800 and a density
of only about 570 persons per sq.km, The North East PBistrict
contains 84.0% of the Island's population, while the
Metropolitan area, the whole urbanized eastern part of the
island, contains 88.0% of the island’'s population.

The immigration cum emigration has a significant impact on
the change in population in the Penang Island. During the
1970-1980 decade there had been a significant loss of people
from the island. Though there is no accurate data available on
this issue, the NIDAS survey estimated that there is a net
emigration of as much as 6,000 people per year since 1970.

Future Projected Population

Penang Island Structure Plan conducted population forecast
based on the Cohort Component method, which takes into account
the effects of fertility, mortality and migration on population
size and structure.

Model 1
- Basic assumption are as follows; Fertility rate will
decline from the 1980 level.
~ Mortality rate will decline from the 1980 level.
- Neﬁ migration level (negative) will remain constant at
1980 level.
Model 2
- Basic assumption are as follows; Fertility rate will
decline from the 1980 level.
- Mortality rate will decline_from the 1980 level.
~ The net migration level are assumed to decrease to zerc

in a linear fashion during the period of 1980-2000.

The results of population forecast is summarized in Table
D—-4. Accordingly, the population o¢f Penang Island is
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forecasted to be in the range of 63,000 - 66,700 in the year
2000.

The results of analysis concerning future population will
be dealt with in detail in subsequent stage.
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APPENDIX B PRESET CONDITIONS OF THE RIVERS AND BASINS
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APPENDIX E PRESENT CONDITIONS OF THE RIVER
AND BASINS IN PENANG ISLAND

INTRODUCTION

Penang Island with a total area of about 300 km? is located
in the northern portion of the west coast of Peninsular
Malaysia., The total population of the Island in 1985 was about
450,000 out of which about 260,000 1lived in the City of
Georgetown.

In the Island, there exist 31 main river systems as shown
in Fig. E-1 with varying catchment areas ranging from as low as
1 km? to 50 km?. Among these rivers, Sg. Pinang is the largest
river system with a catchment area of 50.97 km? {including Sg.
Jelutong up-stream basin). Its lower reach flows through the
City of Georgstown and severe flood damages occur whenever the

river overflows 1ts banks.

fhe rainy season is from August to January, and flooding
usually occurs in the months of September and October. The
most severe floods in recent years occurred in October 1980,
and an area over 2 km? of Georgetown was inundated for 1 to 2
days to a depth of 0.5 te 1 m. Flooding in Sg. Pinang basin
has occurred so far mainly in the centre of old Georgetown
along Sg. Pinang and along its tributaries, Sg. Air Terjun, Sg.
Air Itam and Sg. Jelutong. After completion of Sg. Jelutong
diversion channel, flooding in the Sg. Jelutong area has been
mitigated ever since. In other basins also, flooding has
occurred mainly in the lower basins. However, due to recent
intensive land development in the upper basin, especially in
the hilly side, flooding now cccurs even in the upper or middle
basin, such as in the Sg. bondang, Sg. Gelugor or Sg. Relau.

In addition, the role and responsibilities of the various
Departments and Agencies in the planning, development and
maintenance of flood mitigation and urban drainage works both
within and outside the City of Georgetown are not clearly
defined. This has led to confusion and duplication in the role
and functions of various Agencies resulting in a decrease in
efficiency and effectiveness on the planning, development and
maintenance of flood mitigation and urban drainage works. To
make matters worse, no effective coordination among DID or MPPP
and the BAgencies who jurisdict land development or human
activities, such as cultivation, housing development, land
reclamation, deforestation, and mining, has been done,
resulting in erosion and siltation , frequent flooding and
drainage problems.
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PRESENT CONDITIONS OF THE RIVERS AND BASINS IN PENANG

2,
ISLAND
General Description o¢f the Basin
In the Penang Island, there are 31 main river systems which
may be broadly classified into five (5) groups based on their
topographical conditions, land use pattern, extent and scale of

catchment area.
The first is Sg. Pinang Basin, the catchment of which is

the largest and the most developed among the 31 riwver systems.
The second is the basins of mid scale with moderately

developed catchment comprising a comparatively large area of
Such river basins are located in the east coast of

flat land.
with sparsely

the Island.
the basins of mid
Such basins

is scale
developed catchment due to their unfavourable topographic

The third

conditions comprising much hills and valleys.
exist along the north and south coast of the Island.

The fourth is the basins of small scale with a catchment
area less than 5 km? and are either highly developed already or
Such basins exist along the north,

planned to be developed.
east and south coast.

The fifth is also basins of mid scale comprising a high
degree of agriculturally developed catchment. Such basins are
located along the west coast of the Island.

and Basins

of the Rivers
rivers and the respective

Characteristics

The characteristics of each
basins are summarized in Tables E 1-1 ~ E 1-11.
Among these basins, four basins have serious erosion and
sediment run-off potential caused by human activities. They

Sg. Tanjung Tokong, Sg. Balik Batu and 3Sg.

are S8g. Pinang,

Keluang
The river channels of these basins are severely affected by

siltation of river beds.
Longitudinal profiles of the 25 rivers excluding the five
rivers in the west coast of the Island are shown in APPENDIX H.

Regarding land use, most of the flat land in the Island is
expected to be developed into residential, park or agricultural

areas until the year of 2010.
Fig. E-2 shows the present and future urbanization in each

basin,
in the east coast will be extended at their

The rivers
river moukths due to land reclamation.
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Existing Discharge Capacity of the Rivers

" Existing discharge capacity was estimated for the 24 rivers
in which the longitudinal and cross sectional survey have been
executed.

Fig. E-3-1~ E-3-10 show the existing flow capacity and
probable discharge under the land use conditions in the year
2010. '

In the Sg. Pinang system, both the main river and its
tributaries generally have very low discharge capacity.

The discharge capacity of the rivers in the north coast is
comparatively large. However, the rivers in the east coast
have extremely low discharge capacity due to existence of
lowlying area and siltation problem.

The rivers in the south coast also have low discharge
capacity.

Comprehensive Evaluation of Rivers and Basins

In order t¢ formulate the implementation program and also
to select the urgent project area, a comprehensive evaluation
of the rivers and basins wexre carried out considering the scale
of catchment, experienced past fleoods, £flood damage, future
land development of basin and anticipated future flood damage.

The results of this comprehensive evaluation for all 31
river basins are presented in Table E-2.

Accordingly the river basins are classified inteo three
grades, Grade A, Grade B and Grade C, expressing the degree of
importance of each river for flood control.

The following legend was used for the evaluation of rivers
and basins and hence to grade the river basins based on
aggregate points of evalwation.

Evaluation

5.0 ku?

5.0 - 10.0 km?
10.0 - km?
Non-existence
Somet imes
Freguently
No damage
Minor damage
Serious damage
N¢ development or less than 10%
10%-30% of urban expansion area
30% and more
Not anticipated
Minor damage anticipated
Serious damage anticipated

Scale of Catchment

Experienced Floods

Flood Damaged

Future PDevelopment

Flood Damage in Future

wWhPFRrWhPRPWNhHEWNE WP
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Method of Grading : Grade A for aggregate points > 10
Grade B for aggregate points = 9 but £ 10
Grade C for agqregate points <

3. EXISTING FLOOD MITIGATION PROJECTS

For the rivers in the Island, neither a comprehensive flood
mitigation study nor a master plan of flood mitigation has ever

been carried out in the past. The river improvement works have
been executed only locally and for some very important river
stretches by SDID or MPPP. These improved river stretches

exist mainly in the newly urbanized area, such as a river reach
with developed area at upstream or a land reclamation area.

. These localised river improvement works have been executed,
in general, by private housing developers based on the design
conditions approved by SDID,

3.1 Completed Flood Mitigation Projects

The major flood mitigation projects already executed by
SDID or MPPP are as follows:

32.1.1 Jelutong Diversion Channel

The Jelutong Diversion Channel was completed in 1976 for
the purpose of diverting 80% of run-off discharge from Sy.
Jelutong Catchment to South Channel,

Sg. Jelutong is a ftributary of Sg. Pinang and has a
catchment of 6.59 kmZ. Total length of diversion channel is
about 1 km comprising of 0.20 km open channel at its upstream
and 0.8 km closed channel at downstream.

The section of this channel is 7.7 m wide and 2.9 m deep,
with a carrying capacity of about 60 m3/s.

More details about Jelutong diversion channel are described
in APPENDIX I.

3.1.2 Sg. Tiram Diversion, Stage I

Sg. Tiram is a small river located in the vicinity at morth
of the Bayan Lepas International Airport. The River together
with its tributaries drain an area of 437 hectares at north-
west of the airport comprising mainly of agricultural and
undeveloped land. During the construction of the airport
runway extension, the natural drainage outlet of Sg. Tiram was
blocked off and the flow was diverted into the airport drainage
system which soon proved to be inadequate to cope with the
increased surface run-off, resulting in nuisance flooding in
the airfield.

As the solution to this flooding problem it was decided to
divert the run-off from the Sg. Tiram catchment partly north-
easterly to Sg. Ara and partly south-westerly to Sg. Bayan
Lepas,

The diversion works te 8g. Ara, termed as Sg. Tiram
Diversion Channel, Stage 1, was completed in 1970.



.2.1

.2.2
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It involved the construction of about 2.2km of unlined
trapezoidal channel with a design capacity of 34 m?/s and runs
parallel to the airport runway and discharges into Sg. Ara
about 610m from the coast. The Sg. Bayan Lepas diversion
channel project is termed as Sg. Tiram Piversion Channel, Stage
I, and described in the subsequent section

On-Going Flood Mitigation Projects

The major flood mitigation projects that are on-going are
described below:

Sg. Pinang Improvement Works

This river improvement work is planned toc be carried out by
SDID for 3.2km stretches between the river mouth and Datuk
Keramat bridge. The improvement work is comprised of widening
and deepening of the existing river channel section.

The design cross-section is a simple unlined one with a
discharge capacity for a 2 year rainfall return period.

Alignment of the proposed river channel follows the
existing route.

In the stretches to be improved, there exist four concrete
bridges, but there is no plan to reconstruct these bridges.This
improvement works will start in 1989 and is expected to be
completed by 1990.

The construction cost i1s estimated to be about M$4.5
million.

The adopted design consideration for this river improvement
plan is summarized below.

Length to be improved 3.2km

Design rainfall frequency 2 years return period
Discharge at River Mouth
105.6m3/s

Water level at river mouth 1.60m (H.W.S.)

Cross-section Trapezoidal

Channel type Storage channel
(excavated waterways)

Gradient of Riverbed 1:5,000

Slope protection Earth channel

Relocation of houses 60

Sg. Yiram Diversion Channel Works, Stage II

The background and basic description ceoncerning this
project is described in the previous section under, S5g. Tiram
Diversion Channel Works, Stage I. As dealt with in the
previous section this Stage II, works consist of diverting a
portion of Sg. Tiram to Sg. Bayan Lepas with a diversion
channel. The implementation is planned to be commenced in the
year 1989 by SDID. The total length of diversion is 2.8km.
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4.

4.1
4.2
4.3

The discharge capacity for 0.68km of upstream portion of
the diversion.channel is 52.4m3/sec, whereas for the rest
2.62km downstream portion is 76.4m3/sec. The average width of
the channel is 1lm with an average depth of 3.5m. Fig. E-4 and
E-5 shows the proposed route, longitudinal profile and cross
section of Tiram Diversion Channel.

EXISTING RIVER AND RELATED STRUCTURE

In the Study area, as the river and related structures,
there exist one major water supply dam, about 120 bridges and
about 6.1 km of improved river stretches. :

The characteristics of these structures are as follows:
Air Itam Dam

The Air Itam Dam was constructed in 1962 at the upstream of
the 8g. Air Itam for the purpose of water supply.

The dam is of earth-fill type with a capacity of about 2.6
million m®. “The catchment area of the dam is 575 hectares and
when full the water surface area of the dam is about 20
hectares. The crest length of the dam is about 210 m with the

maximum height of about 47 m.

A cross sectional view of the dam is shown in Fig. E-6,
Bridges

In the river stretches that may regquire river improvement
works, there are about 30 bridges along Sg. Pinang system, and
about 40 bridges along the other rivers,.

Most of these bridges are of concrete.

In general, the span length of the bridges are greater than
the existing river widths, However some bridges are of
inadequate size or have many piers thereby interfering with

free flow during flood discharges.

Tabkle E-3-1 ~ E-3-~7 show the characteristics the existing
bridges.

The location of these bridges are shown in Fig. E-7-1 ~ E-
7-5.

Improved River Stretches

The river improvement works executed in the past are
predominantly partial channelization of the river stretches.

They are either congrete channel in the newly urbanized
area, retaining wall, or stone wall revetment,

The major river improvement works already completed are as
follows;
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Concrete box of Sg. Jelutong Diversion

Concrete Channel cof Sg. Batu Ferringghi
Concrete Channel of Sg. Babi
Concrete channel of Sg. Gelugor Diversion Channel

Concrete Channel of Sg. Dua Besar

The location of these improved stretches, mostly located
along the downstream reaches, are shown in Fig. E-7-1 ~ E-7-5

Table E-4 shows the completed or proposed length of river
improvement. .

EXISTING INSTITUTIONAL FRAMEWORK FOR RIVER AND BASIN
MANAGEMENT

In Penang Island, there are a variety of rapidly
progressing land development, land reclamation and other human
activities such as mining and quarrying.

These activities are in general independent of each other
from the view point of developer, the responsible individual
organization, and the intended usage. However, they all exert
profound effect on runoff, including sediment run-off, and
flooding problem as they all result in change in land use
patterxn.

At 'present there exists no single organization to
coordinate and control all these land development and the
related human activities, that result in increase in both the
suxface and sediment run-off, from the wview point of the
overall watershed management of Penang Island.

Leaving this overall watershed management 1issue aside and
if we consider only the operation and maintenance of facilities
of flood mitigation and drainage, at present, bulk of the
responsibility and jurisdiction lies with SDID and MPPP. This
is evident from Table E-5, which illustrates -the existing
institutional framework of flood mitigation and drainage in the
Island.

It is noted that the activities of SDID and MPPP are not
well coordinated. For example, at time river improvement works
to increase the carrying capacity of an upstream stretch or
tributary is being undertaken with no consideration to “the
limited existing discharge capacity of the river downstream
stretches when the respective stretches lies under the
jurisdiction of different organizations, for example, SDID and
MPPP .

Hence 1t 1s evident that the existing institutional
framework for river and basin management 1is rather
unsatisfactory, and a stage-wise upgrading is proposed as
follows:

- As an urgent measure, coordination of activities among all
organization responsible, especially S8DID and MpPPP, for
operation and maintenance of flood mitigation and drainage
facilities has to be established.
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- It is also necessary to institute an organization to
coordinate, regulate, control and manage the whole
watershed of Penang Island from the view point of owverall
run-~off,

6. EXISTING FLOOD WARNING SYSTEM

There exists only one automatic flood warning siren in the
8g. Pinang bank at the vicinity of Jalan Perak. This siren
with sounding range of about 400 m was installed in 1981 and
has a solar battery power source.

This flood warning siren automatically switches on when the
river water level reaches EL. 1.83 m and EL. 2.44 m which are
the alert and danger water levels respectively.

This siren sounds continuously for 5 minutes once the water
level reaches either of the above-mentioned heights.

However, after long pericd of rainfall, such as 3 days, the
siren does not work effectively because of poor power of
battery. The wvicinity area of the Jalan Perak bridge including
Jalan P.Ramlee is a frequently inundated area.

The water level of S5g. Pinang at. Jalan Perak bridge exceeds
the alert level five to six times per year.

At Jalan Perak Bridge during heavy rainfall the rate of
rising of water level is about 45 cm per 1 hour. Most of the
houses located in thils lowlying area are elevated floor type
and evacuation of people is not held so often in comparison to
the frequency of flash floods.
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TABLE E-2 COMPREHENSIVE EVALUATION OF RIVERS AND BASINS

Catchmen! Mame Scalo of |Expertenced| Flood Future Flood Damags| Tolal | Grade
No. Cathemenl|  Floods Damage | Development} In Fulure :
i Sg. Pinang 3 3 3 2 3 i4 A
2 15g. Teluk Awak 1 1 1 3 2 8 G
3 Sg. Taluk Bahang 3 1 1 3 2 10 B
4 Sg. Batu Ferringghi 3 i 1 .1 i 7 G
5 3g. Salu 1 1 1 2 i 6 G
B 5g. Mas 1 1 1 3 2 8 G
7| S9. Kedil 1 1 1 1 1 5 | ©
8 Sq. keltan ? 1 1 i 1 8 G
g Sg. Ballk Batu 1 i i 1 1 5 G
10 lso. Fottes 1 2 1 3 2 9 B
il Sg. Bagandermal 1 i 1. 2 1 i) C
i2 Sg. Babl i 2 1 2 H 7 -G
13 Sg. Gelugor 1 2 2 2 2 g B
14 Sq. Dua Besar 2 2 1 3 3 i A
15 Sg. Nibong Bosar 1 1 1 2 2 i G
16 . 3g. Nibong Kecil 1 1 i o o 7 G
17___|Sq. Keluang 3 2 2 2 3 12 A
18 Sg. Nipah § 1 1 3 1 7 G
18 Sg. Kampuing Masjld i i i 3 1 8 c
20 |5g. kan Mall 1 i 1 3 1 7 c
21 Sq. Bayan Lepag 2 2 i 2 i 9 B
22 Sg. Baju 1 i 1 2 1 8 C
23 Sg. Matl 1 1 i 2 1 8 G
24 Sg. Teluk Kumbar 2 i 1 1 1 ] C
25 Sq. Gemurch i i i 1 1 5 G
26 5q. Geriak Sanggul 1 § t . } 1 5 G
27 Sq. Pulau Belong 3 2 1 i i 5] G
28 Sg, Nipah { 1 1 1 1 5 ]
29 " |5g. Burong 3 2 i i H 8 G
30 Sa. Kongsl 3 2 i | i 8 C
3%  {Sg. Pinang in West Coast 3 1 1 1 1 7 LY
The.above are evaluated by following criteria:
Scale of Catchmant 5.0 km?
5.0-10.0 km?
100-  km2
Experienced Floods Non-exislence
Sometimas
Fraguently
Flood Damaged No damage

Future Devalopment

Flood Damags In Future

Mel

hod of Grading :

WN WO~ LON—=WN —=WN -

E-20

Minor damage

Serious damage
No development or less than 10%
10%-30% of urban expansion area

30% and more
Not anticipated

Minor damage anticlpatad

Serious damage anticipated
Grade A lor aggregate poinis > 10
Grade B for aggregate poinls 2 9 but < 10
Grade C lor aggregale polnts < @
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TABLE B~

4

COMPLETED OR PREVIOUSLY PROPOSED LENGTH
OF RIVER IMPROVEMENT

Total
No. Namnme Length Completed Proposed
(m) {m) (m}
1. 5g. pinang 3,100
1-1 Sg. Dondang 6,400 240-C
1-2 Sg. Air Terjun 3,800 250-C
'1-3 Sg. Air Itam 6,057 550-C
1-4 5g. Air Putih 1,200
1-5 Sg. Jelutong 3,650
4 Sg. Batu Ferringghi 1,100 200-C : 500-C
6 Sg. Mati 1,750 900-C, 200-C
8 5g. Kelian 1,720 440-C 470-C
12 Sg. Babi 1,600 150~C 140-E
14 Sg. Dua Besar 2,600 250-C, 350-C 900-C
15 Sg. Nibong Besarxr 1,300 700-C, 130-C
17 S5g. Keluang 4,500 1,530-E, 250-E

C=Concrete Channel

E=Earth Channel
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APPENDIX F FLOODS AND FLOOD DAMAGE

INTRODUCTION

Flooding in various parts of the Island has been very
frequent. In order to investigate these floods and their
damages, the collection of relevant information had been
carried out but few information were found to be available
except several information complied by SDID and MPPP.

The area in Penang which is affected by floods can be
classified into the following three categories:-

i) The areas which are flooded after a few hours of
sustained rainfall several times throughout the year.

ii) The areas which are £looded during the wettest period of
the north-east monsoon season in December/January causing
crops and livestock damages.

iii)} The areas which are flooded when rainfall of greater than

: usual intensity recurs over a period of some years and

where damages are more extensive due to the unexpected
‘magnitude of the floods.

Furthermore, the type of floods can be divided into the
following three categories:-

i) Flood which occuré during the heavy rains of flash storms
coinciding with high tide.

ii) Flood which occurs during spring tide affecting the
lowlying areas.

iii} Flood which occurs in 10/12 years due to abnormally heavy
rains and coinciding with high tides during the monsoon
seasons.

Overview of past flood conditions and their damages are
dealt with in the following section.

PAST RECORD (OF FLQOOD CONDITION
Flooding in the City of Georgetown

Table F-1 shows the highest flood water level and rainfall
pattern in each flood occurred in Georgetown, based on the past

flood records from 1976 to 1987.

Flood prone areas in Georgetown can be categorized into
three districts.

a) Lowlying areas alongside Sg. Pinang and its tributary,
Sg. Jelutong, e.g. Caunter Hall area, Makloom area, Van
Praagh Road Area, atc.
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b) Areas with undersized or inadequate drainage system, and
unaffected by tides, e.g. Barrack Road, Khaw Sim Bee
Road, Perak Road etc.

c) -Lowlying areas outside Sg. Pinang catchment area having
separated outlets and affected by tides, e.g. Pengkalan
Kota area, Prangin Canal catchment area, Perak Road,
McNair Street and Kimberly Street area, Carnarvon Street
areas and its side streets, etc. )
The floed affected areas within the city limits axre shown
in Fig.F-1. The flood prone areas in Floods of April 19, 1984
and Floods of September 20, 1986 are shown in Fig.F-2.
2.2 Flooding in the Areas Outside City Limits
Floods outside city limits usually occurs in areas
alengside the main rivers and mostly at the downstream
sections. The flood affected areas of each river basin are
shown in Fig.F-3 and the followings are the areas severely
affected by fleoods:

- Sg. Gelugor Catchment - Around Jalan Permai in Brown
Garden

- Sg. Dua Besar Catchment - Saw Kit Garden, Pesta site and
lowlying areas alongside its tributaries

- Sg. Nibong Catchment - Jalan Aziz Ibrahim areas

-~ Sg. Relau Catchment - Mayan Pasir Residential area and
lowlying area alongside Sg. Ara

- Sg. Ara Catchment - Jalan Tengah area, etc,.
- Sg. Tiram Catchment

- Sg. Pulau Catchment -~ Lowlying areas in Kampong Pulau
Betong.

- 5g. Burong Catchment - Swampy areas around Kampong Paya.

- Sg. Kongsi Catchment - Lowlying areas in Kampong Titi
Teras and Kampong Setol,.

Flood prone areas and causes of floods are tabulated in Table
F-2.

3 IDENTIFICATION OF FLOOD DAMAGE
In this study, five (5) kinds of the flood damages are
identified and incorporated in the project evaluation of the

proposed projects, which are all tangible and guantitatively
measurable damages. They are:

- General property damage
- Public property damage

- Agricultural damage
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- Loss of income/sales
- Vehicle's Running Cost

Each flocd damage item mentioned above is compesed of sub-
items.

Inténgible flood damages are also identified as shown
below. And their impacts are described in general terms.

First, these projects can contribute to remove the
development constraint in the future. Floods generally cause
an interruption of traffic and therefore make it difficult to
deliver inputs/outputs of manufacturing sector on time. In
some cases, their production schedule might be changed because
of floods. It is also :anticipated that, without project,
future investment might be depressed in the future. This
development constraint can be removed by the project.

Secondly, these projects can contribute to an improvement
of people's public health and amenity. It is obvieus that
flooding especially in the town area causes epidemic disease
and aggravate living amenity. In addition, it also gives
unfavourable impression on town, especially to the foreign
tourists. These defects of the floods should be removed and
the pre-requisite of the living circumstance should be
guaranteed by the projects.

Thirdly, implementation of the flood mitigation and
drainage projects most effectively contribute to meet the
inhabitants' preference to the government investment policy.
Interview survey clarifies that the drainage system improvement
project ranks at the top of project list anticipated by the
people in the Penang Island. Priority preference is given to
these projects 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

FLOOD DAMAGE ESTIMATION

Results of the flood damage estimation works for Sg. Pinang
basin are briefly shown below;

(unit; million M$)

Year Flood frequency

1/1.1 1/5 1/10 1/30 1/50 1/100
1990 6.2 i8.5 92.06 19%92.5 251.1 306.3
2010 6.5 19.6 102.1  213.1 278.5 341.3
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4.

1

1

.1

General Property Damage

This general property damage composes of five (5) kinds of
sub-damage items.

Houses
Damage of houses ‘are the major component of the total floeod
damage in terms of value and thus counts as the representative

damage item.

Flood damage of houses is estimated accoxrding to the
following function;

Damage =  Average X Damage Ratio x No. of House '
vValue of in Flood
of House Prone Area

Average value of house was set in cooperation with
Valuation Department, Penang. As a results, semi-detached,
semi-permanent house is selected as a standard house in the
flood prone area. Value of the house is determined by the
following function;

{value of house)
= { {construction cost) + {developer's profit)}
® (depreciation ratio)
= 69,800 M5 x (depreciation ratio)

Pamage ratio is set by the regression function derived from

the results of the interview survey, which are summarized with
other flood damage ratios below;

House HouseholdCommercialCommercial

Article Assets Stocks
0<H<50 0.004 0.057 0.052 0.127
50<H<100 0.030 0.096 0.121 0.276
100<H<200 0.068 0.135 0.16l 0.379
200<H<300 0.112 0.336 0.208 0.479
300<H . 0.170 0.687 0.243 0.562

Number of the houses in the flood prone area is reckoned
based on the population density and family size for the case of
Sg. Pinang, S5g. Keluang and Georgetown Dralnage basins as shown
in Table F-3 through F-5. As for the other flood prone area,
it is estimated based on the building area ratio and house lot
517ze,

Total number of houses in flood prone area by flood return
year is shown in Table F-6,
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Number of houses in flood prone area outside Georgetown and
flooding water depth for 24 river basins are shown in Table F-
7.
4.1.2 Househeold Articles

This item's damage is reckoned by the folleowing function;

Damage = average value % damage x No. of house
of the house- ratio in the flood
hold articles prone area

Average value of the household articles are set to be the
21,200 Ringgit per house according to the interview survey.
Damage ratic used are shown in the table with house damage
ratio,

Quantity of household articles per unit is expected to
increase with increasing per capita GRDP. The function
{1+g/100)* reflects this increase in household effects.

4.1.3 Commercial Assets/Stocks

Machines and wvarious other kinds of facilities are

subjected to flood damage. Especially machines and electric

equipments are major damaged items. In addition, goods in

stock and goods on display at shops are also subject of flood
damage .

Damage = average value x damage x No. of shoeps/

of asset and ratio factories in the

stock flood prone area

In estimating these damage, data collected by means of
interview survey did not have any statistically reliable
correlations between the actual damage and the water level. In
addition, value of assets and stocks which shops/factory varies
so0 widely and it is judged that the responses from the
shopkeepers to the interviewers are not reliable.

In setting the value of average asset and stock, figures
were quoted from "The Study on the Flood Mitigation of the
Klang River Basin." 165,000 Ringgit and 28,900 Ringgit were
adopted for the commercial assets and commercial stocks
respectively. Damage ratio, shown in Table F-8, is also the
same as the same study.

The estimation procedure of flood damage potential for
house and commercial assets (50 year flood) is shown in Table
F-9.

4.2 Public Property Damage

Six (6) kinds of public facilities are identified as sub-
item of this flood vulnerable.

- road

- bridge

- electricity facility

- telecommunication facility
- school, hospital
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4.,

4

- government building facility

among the damage items above, information of actual flood
damage in the past is recorded and kept only for the road by
the M.P.P.P. It is confirmed that no other items had been
suffered from any flood damage in the past.

Road damage, in general, accrues to the shorter interval of
pavement repair and maintenance works due to inundation, In
the case of Penang Island, road surface and structure are
deteriorated by the frequent inundation and therefore
repavement works are necessary every three vears in the flood
prone area, while every seven years outside the flood prone
area, according to the M.P.P.P. This difference in repavement
work interval counts as a road damage attributable to the
floods. With the proposed project, repavement interval works
would be every seven years instead of every thrée years.
Saving in annual road maintenance cost is thus reckoned to be
{1/3-1/7) of the present cost.

Annual road maintenance cost is derived by averaging actual
expenditures for the last five years, which reaches 3.7 million
Ringgit per year. This figure is expanded in proportion with
the house damage and converted into the damage potential by the
flood frequency. Calculation procedure is summarized in Table
F-10 and brief summary are shown below;

{(unit; million MS$)

Agricultural Product Damage

Production of paddy and vegetable is influenced by floods
and reduction of the agricultural yields owing to floods is
also a fleood damage, and is determined by:

Damage = average yield =x damage ratioc x area
by species

However, this damage is not reported in Penang Island.
Determination of this damage was thus excluded in this study.

Loss of Income/Sales Value

4.4.1 Bus

At present five bus companies offer public bus services in
Penang  Island. Floods causes loss in earning opportunity in
forms of 1} interruption of bus cperation, 2) reduction of
travel speed of bus and therefore reduction in number of bus
trips and 3) lower person trip generation in rainy day. First
two items are considered as a flood damage.

Data of actual earning loss due to flocod is collected by
means of interview with the five bus companies. Tt shows that
the earning loss varies from 40 percent to 5 per cent of the
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ane day earning of each company, depending on the bus route
lecations. Total loss reaches 56,000 Ringgit per year in the
case of habitual floods. Its damage potential for other flood
frequency are expanded according to the flood prone area for
each flood frequency.

Each company's loss of the earning per year is shown
below and its estimation procedure is shown in Table F-11;

1 "Lim Seng Seng Bus Com. 5,750
2. Hin Bus Com. - i 8,000
3., Sri Negara Bus Com. 8,750
4. Penang Yellow Bus Com. 4,000
5. MPPP 29,500

Total : 56,000

4.4.2 Taxi

According to the Taxi Assoclation of Penang, it is reported
that 524 taxies are operating in Penang Island in 1990. Their
income reduction in the flooded day is about 15 per cent of the
daily earning. Since the average earning per taxi is about 70
ringgit per day, their actual 1loss is estimated to be 10.5
Ringgit per day and then arrived at 55,020 Ringgit by
multiplying earning reduction with annual flood days (10 days)
and total number of taxi (524).

Calculation procedure of flood damage is shown in Table F-
12.

4.4.3 Trishaw

In 1990, 1,728 trishaws are operating in Penang Island.
According to the Trishaw Association of Penang, their income
loss attributable to the flood is about 15 per cent of the
daily earning. Since the average earning per trishaw is about
30 Ringgit per day, their actual loss is estimated to be 4.5
Ringgit and arrived at 77,760 by multiplying annual flood days
{10 days) and total number of trishaw {(1,728).

Calculation procedure of flood damage is shown together
with the loss of taxies in Table F-12.

4.5 Loss in Vehicle's Running Cost

Extra expenditure of the vehicle running cost which is induced
by (1) in-efficient consumption of the fuel, o©il and other
running cost of the vehicle and {2) longer travelling distance
and time owing to re-routing of traffic.

4.5.1 Vehicle's Operating Coast

Travel speed of vehicles is slower on the inundated roads
than on the normal roads outside the flood prone area and
results in in-efficient consumption of fuel, oil ete, This
difference counts as a flood damage.

Usual travel speed is assumed to be 40 km per hour and it
decreases to 10 km per hour during flooding, according to the
"peasibllity Study of Computerized Area Traffic Control System
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in Penang." In the case of the sedan, vehicle operating cost
at 40 km per hour is set 21.9% cent/vehicle-km while 26.9
cant/vehicle-km at 10 km of running speed. Difference of 5.0
cent/vehicle~km is considered to be flood damage. Vehicle
operating cost of other modes of the transpertation are shown
in Table F-13,

Vehicle operating cost for each transportation mode are
weighted with the composition share shown in Table F-13 and
arrived at the general vehicle operating cost, wvhich are 15,09
cent per PCU-km {passenger car unit} at 10 km per hour and 9.84
cent per PCU-km. Results are shown in Tables F~15 and F~16.

Total loss in wvehicle operating cost:.is estimated to be
24,700 Ringgit in 1990 and 37,600 Ringgit in 2010. Savings for
the habituwal flood are expanded according to the flood prone
area. :

4.5.2 Time Cost

Lower traveling speed due to flood results in longer
traveling time and therefore reduces the working time. This is
coincides with the reduction of the production. This is the
réason why this item can count as a flood damage.

Basic data of unit time cost of the vehicle was provided in
the Report of "Feasibility Study of Computerized Area Traffic
Control System in Penang™. This was converted into the 1990
figures based on the price increase since 1988. It is assumed
to be 0.57 Ringgit per hour.

Unit time value is multiplied with the difference in
aggregated travel time both in cases of fleocod and normal
situation. Results are shown in Table F~16 with VOC saving.
In 1990 loss in time value reaches 201,000 Ringgit per year and
305,800 Ringgit per year in 2000.

4.6 Flood Damage by Frequency and Annual Average Flood
Damage

The flood damages for public property and indirect damage
due to habitual floods are shown in Table F-17.

In the Master Plan Study, only direct damage such as
general property damage and public property damage were
contemplated.

While, in the Feasibility Study, the indirect damage other
than direct damage was taken into account.

Flood damage potential by item and flood frequency for
three urgent project areas are shown in Tables 18-1 through 18-
3.

The average annual flood damage reduction is calculated by
using the following equation:

D = 2 [(Nm—l - Nm) x (Lm—l + Lm) /2]

where, D : Average annual damage reduction
N : Probability of floods
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L bamage potential corresponding to probability
of floods
m : Ordinal number

In estimating the annual average damage, the 50-year retuxn
period was adopted as a maximum frequency for the rivers
because this return period corresponds to the design flood
frequency of flood mitigation;: For the Georgetown Drainage
Project, the 10 year return period was adopted.

The average annual flood damage potentials for three urgent
projects, Sg. Pinang, 8g. Keluang and Georgetown Drainage, are
shown in Table F-19.

FLOOD DAMAGE SURVEY
Purpose of the Flood Damage Survey

Flood damage survey was conducted in the course of the
Study by the JICA Study Team in cooperation with Department of
Irrigation and Drainage, Penang.

Purpose of this interview survey is to clarify the flood
condition in cases of 1985 floods and annual floods. The other
purpose 1is to collect data on actual flood damage in the two
cases and to provide the basic data for the flood damage
estimation according to the flood frequency.

Procedure of the Flood Damage Survey

Procedure are shown below:

- Period; September 11 to September 22 1989 {6
days)
-  Sample number; 1,100 in total for Interview Sheet-1

140 in total for Interview Sheet-2
- Interviewees; 20 persaons

- Area; Flood prone area in Georgetown
(Whole area 1s divided into 10 =zones,
corresponding to the drainage zones.}

- Interview sheet Two kinds{Interview Sheet-1,2}
Major contents of the Interview Sheet

Two kinds of interview sheets were used, namely, Interview
Sheet~-1 and Interview Sheet-2. Contents of the Interview
Sheet-2 1is similar to the Interview Sheet-1.

Major items clarified in this Interview Sheet-1 are as
follows:

- Item A treats the flood situation. Major items clarified
in this section are (1) flood depth, (2} level of ground
elevation, (3) duration, (4) flood fregquency, and (5)
causes of floods.
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Item B treats the property value of houses in terms of
original construction cost and present value.

Item C aims at quantifying the value of whole propexty
(except house and land) and its damage due to floods,

Item D is to clarify the value of income/sales loss due
to floods.

Last item (Item E) aims at evaluating the priority
ranking of infrastructure investment as anticipated by
the inhabitants in the flood prone area. Development
alternatives questioned are:

- Housing development

- Drainage system

- Public transport system

- River/sea water purification

- koad network and traffic improvenment

- Sewage system improvement.

.4 Results of Analysis

Data input of the interview and compilation of the data
were carried out and the results of analysis are as shown in

Table

F-20.

F - 10
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RECORD OF HIGHEST FI.OOD WATER LEVEL AND RAINFALL

Table F-1
IN GEORGETOWN
Observation Observation
Yoar |M.|D. HEW.L. Site Year [M.|D. H.FW.L. Site
1976 al18] R.L.+10.0ft Caunter Hall | 1986 | 9|14 | 22:00~12;45~11;00 Caunter Hall
2 N .
1077 | 11]25] RL. + 851 Caunter Hall 6H-7.50t-301
: - 15| 1479 2:00~24;,00 | 5303001
1978 g 6] RL. + 891 Caunter Hall a98mm
1079 {1]271 RL + 951 Caunter Hall 15/9 ?Bon(imu 5,00
1980 | 9] 5] RL + 9561t Caunter Hall 20| 5:00 ~ 10,00 ~ 12;00 | Caunter Hall
1981 {10]18] R.L + 951 Cauntar Hall 6.81l-961-92H
1982 {10{20] R.L + 851 Caunter Hall 1,00 ~8;00 5303001
. . {92mm)
1983 | 10{16] R.L.+ 851 Caunter Hall
10| 5| 15;00~18;00~10;00 Jalan Perak
1984 | 4[16| R.L.+ 821 _ Caunter Hall t] 460-721-40H
18| 22,00 ~ 8,00 ~ 17;00 | Caunler Hall | 6{ 5/10 12,00 ~23;00 | 5302003
U] 460t-1060-9.11 (70mm)
19 20,00 ~ 4,00 ~ 10,00 | 5402002 610 2,00 ~ 830
7mm - 42mm - 5mm | (Kolam Bersih} (40mm)
(255mm) 11 [13 ] 5;00 ~ 6,00 ~ 15;00 Caunter Halt
28| 6:00 ~ 15:00 ~ 24;00 | Caunter Hall 55f-71f/-461
6.0ft-11.0ft-561# 1:00 ~9;00 5402002
1,00 ~ 8;30 ~ 13;00 | 5303001 (81mm)
0 - 40mm - 1mm {Rumah 1987 | 3{19| 7;00~96;30 ~ 12;30 Jalan Parak
(147.5mm) Kebajikan) 421-71ft-51
5[17| 5:00~9;30 ~ 15;30 | Caunter Hall 2:00 ~ 10;15 5402002
53f-031-6.01f (55mm)
4,00 ~ 4;30 ~ 7,30 | 5302003 6| 5| 5:00~900~13:00 | Jalan Perak
Amm - 46mm - 0.5mm/|  (Kolam 411-7.81t-51
{96mm; | Yakongan) 6:30 ~ 9:45 5202003
7114 | 22,00 ~ 2,00 ~ 6,00 GCaunter Hall {70mm)
i5| 43t-B5K-61 0:15 ~ 9;00 5402002
151 21:00 ~3;00 ~ 7:00 | Caunter Hall {87mm)
16| 5.61-861-731 7122 6:00 ~ 7;30 Jalan Perak
i6 1 23;00 ~ 4,00 ~ B;15 Caunter Hall 581t-69it
171 561-1051-8.71 2,00 ~ 10;00 5402002
19851 8| 8] 14;00~15;00~17;00 Caunter Hall (55mm)
6.0f-76k-681 o914 | 20,00~14;55~14;00 | Caunter Hall
13;00 - 15mm 5303001 16| BS5f-6.7H-451
10 11 13;55 ~ 20;00 ~ 11;30] CGaunter Hall 10|25 18;00 ~21;30 ~ 4,30 | Jalan Parak
vl 7.0fi-1081-7.21 '| 561t-851t-361
12| 10/10 2;00 ~ 18,00 | 5402002 26| 25/10 6,00 ~ 23,00 5402002
16mm (105mm)
11/10 6,00 ~ 24,00 111 9] 2;15~ 5,00 ~ i2;00 Caunter Hall
12110 2_3020'“’“6.30 5ft-841-4.81t
26 & 83mm 5402002
121 7| 16;00 ~ 20;30 ~ 14;00| Caunter Hall 13| 10;30~13;15~14;00 Caunter Hall
U] 431-9ft-351 3.6ft-9ft-0ft
81 7742 1630 ~ 17,30 5303001 9:30 ~ 12;00 5402002
57mm (80mm)




EXISTING FLOODED AREA AND ITS CAUSE

Table.F-2
¢ IN THE BASINS OUTSIDE GEORGETOWN
CATCHMENT FREQUEMCY | DURATION CAUSES
. INUNDATED AREA (times/yr) (hr)
13 Suhgai Gelugor (2-3) 1. Lowlying area
“{~ Taman Brown 2. Land erosion due to development
Area: 0.12km2
14 Sungai Dua Besar (2-3) 1. Overfiow of water from Sg.Dua Besar
~ Tapak Pesla 2. Shallowness of the river due to land
~ Pantai Jerjak erosion because of development
Area: 0.63 km2 3. Construction activities of upstream of
Sq. Dua Besar
4. 11legal dumping makes the river
parrower
17 1. Sungai Relau (2-3) 1.1 Lowlying areas
- PDC Housing Area 1.2 Due to construction activities
- Jalan Tengah - Sq. Relau becomes shallawer
Area: 1.18 kin2
21 Permatang Damar (2-3) Fiash Flood
Laut
22 Teluk Kumbar/ (2-3) Flash Flood
Sq. Batu
27 1. Pulau Betong 1. Lowlying areas
Area: 0.22km2
29 1. Kampong Paya Lowlying areas (swampy area)
Area: 0.17 km2
2. Balik Pulau
Area: 0.14 km2
3. Genting
30 Kampong Titi Tras Lowlying areas

Ares: 1.08 km?2
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