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APPENDIX H FORMULATION OF FLOOD MITIGATION
MASTER PLAN

INTRODUCTYON

Flooding in the Sg. Pinang basin has occurred so far mainly
in the centre of old Georgetown along the Sg. Pinang and along
its tributaries, 8g. Dondang, Sg. Alr Terjun, Sg. Alr Itam and
Sg. Jelutong.

After completion of 8Sg. Jelutong diversion channel,
flooding in. the mid-stream of 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 1n the upper basin, especially in the hilly side,
flooding now occurs even in the upper or middle basin, such as
in the Sg. Dondang, Sg. Gelugor or S$g. Relau.

In addition, the role and responsibilities of the wvarious
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 Agencies who Jjurisdict 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.

In order to overcome these intricate problems, an overall
flood mitigation and drainage plan for the whole basin of the
Island was considered.

CAUSE OF FLOODING

In general, flooding is caused not only by unfavorable
natural conditions but also by increase of storm water run-off
due to development activities and problem of drainage
facilities.

(1} Unfavorable natural conditions

- Monsoon rainfall and flash floods with high
rainfall intensity.

- Topographical condition {mountainous areas) with
leads to increased run-off.

- Tidal effect in the downstream reaches.

{(2) Cause of flooding due to development and other human
activates
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- Increase of run-off coefficient of the basin due to
rapid urbanization,

- Loss of natural potential retention pond due to
£iling up for housing development.

- Improvement of trunk drain or tributaries te an
excessive level compared to the discharge capacity
of downstream reaches.

- Flowing down of floating bamboos, branches and
garbages in the river channel during floods.

- Construction of steep slope drainage System for
housing development in hill areas.

- Sediment run-cff into trunk drain or river due to
s0il erosion caused by land development.

{3) Problem of drain facilities

- Inadecquate flow capacity of river channel or trunk
drain.

- Insufficient clearance at bridge c¢rossings,

- Lack of pumping facilities in lowlying areas
located below high tide level,

Among these various factors, change in land use pattern has
led to worsening of flooding conditions.

Furthermore in the future, backwater effect of the rivers
in the eastern coastal areas 1s anticipated, resulting in
worsening of drainage conditions.

3. CONCEIVABLE STRUCTURAL MEASURES

In order to establish the appropriate protective measures
against flooding in Penang Island, the existing and future
conditions of the rivers and basins shall be given careful
consideration, as described in the following section.

- Topographic condition
- Problems of land acquisition
- Existing river and related structures

- Present and future land use pattern

- Land reclamation plan in the coastal area

In the Sg. Pinang basin, including its tributaries, almost
all flat land has already been urbanized and in these areas
land acquisition for widening of the river channel is extremely
difficult, Hence, as conceivable alternative protective
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measures, river improvement by deepening, diversion channel,
retention pond and flood control dam were considered.

In the northern coast of the Island, the rivers with rather
large catchment, such as S5g. Teluk Bahang, Sg. Batu Ferringghi
and Sg. Kelian, have 85% to 99% of their catchments in
mountainous areas. Also the river stretches to be improved are
short. Hence, river improvement will be the major protective
measure.

In the east coast, the Sg. Keluang has a rather large
catchment and long river stretches but there is no sufficient
space for retention pond. For this basin, river improvement
and diversion channel seem to be the appropriate protective
measures. .

Almost all rivers in the east coast which discharge into
the South Channel should be extended at their river mouths due
to land reclamation activities. This would result in rising of
river stage making drainage of lowlying areas, including those
reclaimed ones, rather difficult and vulnerable to flooding.

In the south . coast, the Sg. Bayan Lepas and Sg. Teluk

Kumbar are the main rivers. Large portions of their catchment
areas are mountainous having no significant development
potential. Hence river improvement seems to be the most

suitable alternative,.

The existing conditions,'potential future developments and
the conceivable structural measures for each river are briefed
below,

Sg. Pinang

The Sg. Pinang system is composed of the 3.2 km long 3g.
Pinang main stream and its main tributaries, S$g. Air Itam, Sg.
Air Terijun, Sg. Dondang and Sg. Jelutong.

In this basin, the flooding problems have occurred mainly
in old Georgetown area along the S5g. Pinang and also in the
areas along the tributaries such as Sg. Air Ttam and Sg.
Jelutong.

After completion of Jelutong diversion channel, flooding
problems of the area along the $Sg. Jelutong have been
mitigated. While, in the Sg. Dondang basin where intensive
development is in progress, some lowlying areas have recently
become areas of frequent flooding areas.

In the Sg. Pinang basin, two major flooding patterns are
recognized.

The first is flooding due to over topping of river banks of
the main river or tributary. '

The second is flooding due to inner water especially in the
lowlying area.

The inner watet problems will be dealt with separately in
APPENDIX I, with due consideration to the tidal effects in
lowlying coastal area.
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In order to mitigate flooding: due to bank over-topping, the
following measures will be considered for the main river and
tributaries.

- For the Sg. Pinang, improvement by widening to maximum
permissible extent and deepening will be considered.

- For the tributaries near the coast, e.g., S5g. Air Terjun,
- diversion channel or flood way to directly divert the
discharge into the North Channel will be considered. The
five alternatives of these diversion channels are shown in
Fig.H-1 and Fig.H-2.

Characteristics of each alternative are as follows:

Route No.l Botanical Garden - B8g. Bagan Jermal
Diversion Tunnel + Improvement of Sg.Bagan
Jermal, .

Route No.2 Botanical Garden - Sg. Babi. Diversion

Tunnel + Improvement of Sg.Babi.

Route No.3 Diversion Channel under the Jalan Gottlieb

and Jalan Bagan Jermal, and Improvement of
Sg. Babi.

Route No.4 Diversion Channel under the Jalan
Cantonment;

Route No.5 Diversion Channel wunder the Jalan
Residensi, Lebuh Raya Peel and Jalan
Pangkor.

Route No.6 Diversion Channel from Sg. Air Itam to

Route No.5 Channel,

These alternative routes are evaluated for their merits and
demerits in Table H-1. Accoxdingly Route No.3 and Route No.§
were selected for detailed alternative study.

Regarding the diversion route from the Sg. Dondang or Sg.
Air Item in the right side of the 8g. Pinang, the route
connecting Sg. Dondang or Sg. Air Item with Sg. Jelutong And
Sg. Mati was also considered.

These routes, however, were rejected because of extreme
difficulty of land acquisition, insufficient gradient for the
channel, and existence of lowlying area near the Sg. Mati,.

The other alternatives of flood mitigation, the flood
control dam and retention pond are described below.

r

i) Flood control dam

For Sg. Alr Itam the possibility of raising Air Itam Dam
was investigated to obtain some flood control storage. It is
expected to raise this dam by about 3 meter in height in
consideration to its topographical and geological conditions.,
The consequent maximum flood control capacity that could be
attained is about 600,000 m3, thereby reducing the run-off
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discharge at Jln. Jelutong Bridge by about 20 m3/s. The
spillway is a bell-mouth type massive concrete structure which
could be raised. Bven then, the flood control mechanism will
only be natural without any gate, which is not an effective
means of flood control. Furthermeore, the catchment of this dam

is only 5 km?+ Hence this dam alternative is not very useful.

As per the other tributaries of the Sg. Pinang system, the
Sg. Air Putih and 38g. Air Terjun, the river catchment areas are
very small and also the catchment area of dam could only be
about 2 km?, this dam catchment area is too small to obtain any
useful flood contrel storage and hence this alternative was
rejected,

ii) Retention pond

Dondang area of the $g. Pinang basin is undergoing rapid
development and frequently affected by flash floods.

Park lands proposed by the land use plan of MPPP were
studied for their suitability as retention ponds to mitigate
flooding in the Dondang area and as well in the downstream
reaches of Sg. Air Itam and Sg. Pinang.

In addition, the existing race course ground in the

vicinity of the left bank of Sg. Air Itam was also considered

for retention pond. However, due to topographic condition, the
pond must be of underground type.

This will be of very high construction cost with cumbersome
maintenance requirements with respect to the removal of
sediments and grits. Hence this underground pond alternative
was rejected.

8g. Teluk Awak

Change in land use pattern of the catchment area from
forest area to park area is planned. And no significant
increase in run-off is anticipated. However, the existing
discharge capacity of the down stream stretches is inadequate,
and hence river improvement works is deemed to be necessary.

S8g. Teluk Bahang

The prime structural measure is considered to be river
improvements only, however retention pond alsc could be
considered in the mid-stream stretches.

There exist two small dams for water supply in the upstream
stretches. But no flood control storage is expected to be
provided even when future increase in capacity is considered.

Sg. Batu Ferringghi

Though the catchment area is comparatively large, 89% is of
mountainous terrains. WNo significant future change in land use
is expected. River improvement in the short downstream
stretches will be considered.
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8g. Satu

The land use of more than 80% of the catchment area will
remain as natural forest even in future. River improvement for
about 500 m length of downstream stretch will be considered.

S8g. Mas

About 50% of the catchment ared is expected to be urbanized
in future. The land development is anticipated to stretch up
to the hilly area as well. River improvement for about 600 m
river stretches will be considered.

5g. Kecil
The catchment area is rather small and its land use is

forest area of 70% and urbanized area of 30%. No significant
change in future land use is expected. River improvement is

‘the only conceivable alternative of flood mitigation because of

its small catchment,
Sg. Kelian

About 30% of the catchment area has already been developed
while the remaining 70% is to be preserved as natural forest
reserve,

The developed area is composed of both the downstream flat-
area and upstream hilly area. River improvement for the
urbanized reaches will be considered.

Sg. Balik Batu

The catchment area is only 0.8kmZ, of which about 90% has
already been developed for housing. River improvement works
have already been accomplished. But about 70% of the improved
river bed depth is already silted due to sediment run-off
caused by land development activities in hilly area.

Hence mitigatory measures against sediment run-off (soil
erosion) and progressing of sand bar formation due to literal
drift in the river mouth are necessary.

Sg. Fettes

The future land use pattern of the catchment area is
expected to consist of 70% in urbanized area. Especially the
land development activities along the hilly slopes will cause
severe soil erosion and sediment run-off to the river resulting
in potential flocding problem due to sedimentation and rise in
river channel hed,

The concrete pipes connecting the improved concrete channel
at the river mouth, where the growth of mangroves on sand bar
is abundant, have been broken.

It is recommended, as. an urgent measure, to replace the
closed concrete pipe with open channel section,
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5g. Bagan Jermal

About 40% of the catchment area consists of cemetery. No
significant change in future land use is expected. Sediment
run-off caused by housing development activities is recognized.

As conceivable structural measures of flood mitigation
river improvements for the downstream stretches will be
considered.

Sg. Babi

The catchment mainly consists of residential areas
(housings) and cemetery. The floocding problem has been solved’
to a certain extent with the completion of river improvement
works along the down stream stretches. For future increase in
run-off, as well, river improvements for the upper stretches
will be considered.

Sg.Gelugor

The lowlying area of the catchment remains inundated due to
rapid and on-going land development activities at upstream
hilly areas. In the downstream reaches, the concrete flcod way
to South Channel has already been completed. Both the existing

.and once improved channel portion at the middle stream

stretches will be further improved for flood mitigation. The
uppermost hilly areas undergoing rapid land development require
urgent erosion control measures against sediment run-off.

Sg.Dua Besar

The urbanized area of the catchment is expected to increase
to 65% with the development of hilly areas. The downstream
stretch of Sg. Nibong Road, which is a meandering unlined
channel, is planned to be straightened with concrete channel.

In the midstream stretches also there exist many concrete
canalization plans prepared by housing developers. River
improvements would be the basic flood mitigatory measures to be
considered.

Sg. Nibong Besar

The rxiver stretch at downstream of Sg. Nibong to concrete
channel has already been improved. BAbout 80% of the catchment
area, a flat terrain, is expected to be developed in future.
Accordingly, river improvement works are necessary for upper
stretches as well. About 600 m of future extension of river
channel at river mouth will be necessary to cater the planned
land reclamation.

Sg. Nibong Kecil

Almost all the river channels along the industrial and
housing areas have already been improved either to unlined or
concrete channel sections. Any increase in future run-off will
require re-inprovement of the river.

About 490m of future extension of river channel at river
mouth will be necessary to cater the planned land reclamation.
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3.17

Sg. Keluang

The Sg. Keluang river system consists of 1500m long 3g.
Keluang main river and its tributaries, Sg. Relau and Sg. Ara.
The total catchment area of the entire river system is 22 km2,
of which about 77% is comprised of mountainous and hilly areas.

Future land development is expected to reach up to the
hilly areas wikh urbanized areas comprising 40% of land use.

This catchment area is the most rapidly developed cne among
the east coast river basins and a very high increase in run-off
is expected.

A diversion channel, connecting Sg. Relau to Sg. Ara, to
protect the downstream reaches is planned by housing developer.

$g. Keluang has already been improved to unlined channel
and has sufficient river reserve.

To cope up with the development of upper reaches, river
improvements will be considered.

In addition there exist mining and quarrying sites and on-
going land development activities, especially in hilly areas of
these upstream reaches. These lead to severe s0il erosion and
sediment run-off resulting in siltation and rise in river bed
at downstream, a phenomenon already in progress.

Hence it is wvery necessary to institute suitable measures
to control sediment run—-off due to these activities.

The river channel of Sg. Keluang at river mouth will have
to be extended 350 m in consideration to the on-going land
reclamation activities.

Sg. Nipah

The future land use 1s expected to consist more than 80% of
urbanized area. There exist vast tracts of flat terrains and
only river improvement seems to be the protective measure
against flooding.

At the estuary, the existing river channel will have to be
extended to a distance of 500m because of the planned future
land reclamation.

Sg. FKampung Masijid

The catchment area is oniy 0.84 km2. About 70% of the
catchment will be urbanized in future. River improvements will
be considered as the protective measure against flooding.

Sg. Ikan HMati

About 90% of the basin will be urbanized in future
including hilly area. The river length is only a 500m, and
river improvement works of deepening and widening will be
considered.
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8g. Bayan Lepas

About 70% of the catchment remains, and also planned to be
preserved, as mountainous forests. There exist some lowlying
areas as well in the basin. = River improvements for about 500m
long downstream stretches will be carried out under the on-
going Sg. Tiram Diversion Channel Project. As a protective
measure for midstream stretches river improvement will be
considered. '

Sg. Batu and 8g. Mati

The catchment area of both these rivers are only about 0.9
km2. No significant change in future land use is expected in
these basins. River improvements will be considered as the
protective measure agalnst fleooding.

Sg. Teluk EKumbax

The catchment area of this river is comparatively large,
but mostly consists of mountainous forests and agricultural
lands. River improvements will be considered for the 1.7 km
downstream reaches.

Sg. Gemurch

The catchment area is almost entirely mountainous and only
about: 1% of the area is developed. No structural measures of
flood mitigation is necessary.

Sg. Gextak Sanggul

The total length of river channel is only 300 m with enough
discharge capacity. No significant change in land use pattern
is expected in future. Flood mitigation measures are not
necessary.

ESTABLISHMENT OF FLOOD PROTECTION LEVEL

The degree of protection with respect to flood mitigation
is determined by the adoption of a suitable design storm return
period.

In principle, the required design storm period should be
decided based on the comparative study between the cost of
investment and the resultant benefit. However owing to the
difficulty in determining the basic data for analysis, and in
order to eliminate regional discrepancies, usually the central
government decides the standard degree of protection although
these are subject to change aleng with economic growth of the
country.

For Malaysia, according to the "National Water Resources
Study, Malaysia" carried out by JICA in 1982, a design storm
return period of 50-years is recommended when the flood damage
exceeds M$ 20,000 per km of river reach and the population is
more than 500 persons/kKm. However if loss of life is recorded
then a 100 year return pericd is to be adopted.

Incidentally, the conceivable structural measures for the
Sg. Pinang system is very much limited because of its



< APPENDIX H >

topographlc‘and land use conditions., River improvement works
is essentially required as the major flood mitigatory measure,
even with utmost use of the other measures of diversion
channel and retention pond, and the scale of river improvements
that would be possible will eventually dictate the degree of
attainable flood protection level for the 5g. Pinang.

The relevant important rationale that necessitates river
improvements as .the major work component for attaining any
considerable flood protection level for the Sg. Pinang are as
follows:

- The existing discharge capacity of both the 8g. Pinang
reaches at upstream of Jin. Jelutong Bridge ‘and Sg. Air
Itam are sco low which corresponds to less than even
1.l~year return period, which self points out the
requirement of river improvement works to attain any
considerable flood protection level.

- The Sg. Pinang reaches at downstream of Jln. Jelutong
Bridge has a maximum width of 46 m and will have a
comparatively high discharge capacity of about 200 m3/sec
after deepening of river channel, which corresponds to a
3¢-year return period.

Finally, a flood protection level corresponding to S50-year
return period was selected with due further consideration to
the following.

It is possible to widen the following stretches of the Sg.
Pinang, with due consideration to existing riverine land use,
so that all their carrying capacities would correspond to a
50-year return period.

They are as follows:

- Thé stretches between JIln. Jelutong Bridge and 8§qg.
Jelutong could be widened to 40 m to enhance its carrying
capacity to about 210 m?/sec.

- The immediately upstream stretches between 5g. Jelutong
and Sg. Air Terjun could be widened to 35 m to have a
carrying capacity of 190 m3/sec.

- The further upstream stretches between Sg. Air Terjun and
Sg. Kecil could be widened to 30 m to have a carrying
‘capacity of 160 m3/sec.

Nevertheless reconstruction all the major bridges along
these reaches of the Sg. Pinang 1s necessary, as the average
width of a typical existing bridge is only 20 m, and the
maximum average discharge capacity across bridge is only about
85 m3/sec, which corresponds to a 10 year return period.

The distribution of the probable flood discharge with
retention ponds and Neo.3 diversion channel are shown in Fig. H-
3. .

For all the other rivers other than the 8g. Pinang land
acquisition for river improvement works are comparatively not
very difficult. The catchment areas of these rivers are much

H - 10
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small with much less developed areas in comparison to 5g.
Pinang basin. Nevertheless, with due consideration to future
developments and ko be in compatible with the overall flood
mitigation plan a 50-year return period was selected,
universally.

FORMULATION OF MASTER PLAN
Planning Criteria For Flood Mitigation

Distribution of Design Flood Dischaxge

Fig.H-4 shows the distributions of the Design £flood
discharge of the Sg. Pinang system estimated based an the land
use conditions in the year of 2010.

The river stretches having discharge capacities that are

insufficient to carry a flood discharge of 50-year return
pexiod are as follows:

The whole stretches of the $g. Pinang

- The downstream stretches of Sg. Air Itam at its confluence
with the Sg. Dondang

- Almost the whole stretches of the Sg. bondang

- A portion of the mid and downstream stretches of the S3g.
Air Terjun

In particular, the existing discharge capacity of the 35g.
Pinang and Sg. Air Itam are extremely low. Hence, even with
the flood mitigation measures of Air Terjun Diversion Channel
and Dondang Retention Ponds, river improvement works will be
necessary for these reaches.

In fact the Sg. Pinang reaches at downstream of the Jln.
Jelutong bridge have comparatively rather wide cross sections.
still, these reaches will also require river improvement works
of deepening as the discharge capacity is affected by tidal
effects and extension  of river mouth reaches due to land
raclamation.

Fig.H-5 and H-6 show the design discharge distributions of
the other important rivers, i.e. Sg. Keluang and Sg. Dua Besar.
These rivers are of Grade A or Grade B.

Planning Criteria for Flood Mitigation Facilities

The following design criteria were adopted for planning the
flood mitigation facilities with due consideration to the
topographic. and land use conditions, and effectiveness and
safety of the structures.

River Improvement

- The river channel will be of single or double type
trapezoidal sections.

H - 11
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- The double section will be adopted for the undeveloped
reaches of large rivers having conmparatively large
catchment area.

- River reserve will be maintained conforming the standards
of DID.

- The planned river channel will be, as far as possible,
excavated water ways, and levees will be avoided in order
to minimize the requirements of inner water drainage

- The design high water level at the river mouth will be the
mean high water springs which is +1.08 m.

- A minimum freeboard of 0.6 m will be allowed at all river
banks.

- All design cross section should have enough capacity to
cater 100 year discharge below the bankfull level.

- All levee crest elevations shall be higher than a water
stage of 1.60 m at the river mouth.

2) Diversion Channel

- The design discharge through a tunnel section will be 130%
of the design flood discharge.

- The tunnel section will have a minimum clearance area of
15% of the area of flow corresponding to the design
discharge.

3) Retention Pond

- Retention pond will be planned for multi-purpose use
considering its effective use under normal conditions of
noe flooding.

5.2 Alternative Protective Measures
5.2.1 Alternative Measures

Six possible alternative protective measures of flood
mitigation for the Sg. Pinang were considered for the selection
of most suitable alternative.

For all the other rivers in Penang Island, excluding the
Sg. Pinang system, river improvement works including diversion
channels are the only conceivable structural mitigatory
measures.

These alternatives are shown in Fig.H-7 and H-8. Except
Alternative I, all other alternatives consist of a combination
of several structural measures, and are capable of regulating
the discharge in the main stream of the Sg. Pinang at Jln,
Jelutong Bridge not to exceed the permissible maximum discharge
of 210 m3/s.

B - 12
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Alternative I consists of only river improvement by means
of widening or deepening, hence will not exert any effects on
river discharge.

Alternative V consists of the same protective measures of
Alternative IT and the Diversion channel No.5. In this case,
the discharge at Jln. Jelutong bridge is 175 m®/s.

The distribution of design flood discharge for each
alternative is shown in Fig.H-9 and H-10.

The river improvement works of Sg. Jelutong is not included
in the alternative comparison because it is same for all the
alternatives.

Alternative I

The Alternative I consists of only river improvement of
Sg. Pinang {(3.15 km) and its tributaries, Sg. Air Itam (3.0
km), S8g. Jelutong (2.10 km), Sg Air Terjun {2.20 km) and Sg.
Dondang (5.3 km). The total length of river improvement will
be about 15.8 km.

Alternative II

The Alternative TI consists of river improvement of Sg.
Pinang and its tributaries, the Air Terjun Neo.3 Diversion
Channel {Q=50 m3/s} and Dondang Retention Ponds (V=300,000
m3) .

Alternative IIT

No.5 Diversion Channel was considered in Sg. Air Terjun
as the alternative instead of the No.3 Diversion Channel. The
discharge capacity of No.5 Diversion Channel is 80 m?/sec and

hence, Dondang Retention Ponds are not necessary.

The river improvement works, however, are necessary for
Sg. Pinang and its tributaries.

Alternative IV
Enlargement and railsing the top level of the existing Air
Itam Dam by three (3) meters was considered as an alternative

instead of Dondang Retention ponds.

River improvements and No.3 Diversion Channel are also
necessary measures.

Rlternative V

This alternative consists of river improvement of Sg.
Pinang and its tributaries, No.3 Diversion Channel and No.5
Diversion Channel (45 m3/s).
Alternative VI

This alternative consists of the same protective measures

of Alternative V. However, No.5 Diversion Channel will cater
to divert the discharge of about 45 m3/s of the 8g. Air

H- 13
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Terjun and about 35 m3/s of Sg. Air Itam.

An additional

diversien channel of 500 m in length between Sg. Air Itam and
Sg. Air Terjun will be necessary.

These alternatives are surmarized as follows:

Alternative Sg. Pinang Sy. Air Itam Sg. Air Terjun Sg.Dondang
I R.Improvement R.Improvement R.Improvement R.Improvement
II ditto ditto No.3 Diversion Retention Pond
R.Improvement R.Improvement
III ditto ditto No.5 Diversion R.Improvement
R. Improvement
v : ditto Air Ytam Dam No.3 Diversion ditto
R._Improvement R.Improvement
v ditto R.TImprovement  No.3 & No.5 Retention Pond
Diverxsion R.Improvement
R.Improvement
VI ditto ditto No.3, 5 & 6 ditto
Diversion
R.Improvement
5.2.2 Comparison of Alternatives

The cost of civil works, land acquisition, and compensation
required were estimated for each alternative. The cost of
civil works is calculated by multiplying the quantity of work
by unit cost.

A tentative estimation of construction cost for all five
alternatives is summarized below.

Unit: 1000 MS
Alternative Civil Works Land Acqguisition Total
Al-T 29,764 40,619 70,383
Al-IT 34,376 32,276 66,652
Al-TIIT 35,120 35,593 70,713
Al-IV 36,537 34,087 70,624
Al-V 40,890 30,032 70,922
Al1-VI 45,432 27,915 73,347

It is to be noted that all these alterative schemes have
the same flood protection level of 50-year return period.

Based on cost comparison it is evident that Alternative IT
(Al-II) is the most economic one.

In fact it is selected as the master plan alternative
because it is evaluated to be the most optimum alternative with
respect to technical and social aspects of the project
implementation as well.
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A brief merits and demerits of all alternatives are
sunmarized bhelow.

- Blternative I (Al-I) is the second most economical scheme
as evident from the above cost comparison table., However,
the scheme is expected to encounter much difficulties with
respaect land acquisition, housing relocation and
compensation as the alternative invelves long river
improvement reaches.

- Alternative II (Al-1II) as described above is selected as
the master plan alternative, It is the most economical
scheme and in addition the work components, the river
improvements, Dondang Retention Ponds and Noc.3 route-
diversion. channel are not expected to involve any
significant social problems during implementation. The
No.3 Diversion Channel will be constructed mostly under
the existing roads and is of a small scale as it is
located in the upper reaches of the tributary Sg. Air
Terijun. Alsc it eliminates the requirement of river
improvement works at downstream. The scheme involves
virtually no land acquisition requirement.

- Alternative III (Al-III) differs from the above
Alternative II mainly with respect to the diversion

channel scheme. However it is only the fourth most
economical scheme. The No.5 Diversion Channel is located
at downstream Sg. Air Terjun. Hence not only it is of

larger capacity in comparison to No.3 Diversion Channel
but also requires river improvement of almost the whole
reaches of Sg. Air Terjun. Also the construction of this
diversion channel encounters much technical, social and
environmental concerns and difficulties.

They are;

- The culvert is of 12 m wide and its construction would
result in the destruction of many trees, and also
during construction the whole road would become
inaccessible along with separation of local
communities, an important social problem.

- The invert level of the culvert at outfall will be -
2.00 m, which may result in siltation inside the
culvert,

- The channel may cause water quality detericoration of
coastal waters of Gurney Drive, a famous tourist area,
by discharging polluted river water.

- Alternative IV (Al-IV) would require further river
improvement works along mid and downstream reaches of Sg.
Dondang in comparison to Alternative I1 (AL-II).

Furthermore raising the level of Alr Itam Pam would
interfere with its prime function of water supply in addition
to the high cost resulting from the requirement a temporary
spillway during construction. Also it is extremely difficult
to discharge fleood water during construction.
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5.3
5.3.1
1)

Alternative V (Al-V) consists of two sub alternatives, Al-
v{l) and Al-V(2). These alternatives are the most
expensive ones. In a addition, these consist of the No.5
Diversion Channel, resulting in all the demerits discussed
under Alternative III {(Al-IIT).

Furthermore , in case of Alternative VI (Al-VI) the No.5
biversion will discharge a 35 m?/s of Sg. Air Itam to
Gurney Drive, a famous tourist area. The deteriorated
water quality of Sg. Air Itam may result in the coastal
water quality deterioration as well, an important
environmental concern.

A summary of comparison of alternatives is given in Table
H-2,

Proposed Flood Mitigation Plan

Sg. Pinang

The proposed flood mitigation plan for the Sg. Pinang

system show in Fig.H-15 consists of the following protective
measures:

River Improvement works along the reaches of 8g.
Pinang and 4its tributaries with a total length of

18

Sg

Sqg.

Sg.

Sg

5g

an

.8 km.

. Pinang - Deepening and widening of river
stretches of 3.15 km in length.

- Construction of jetty of 710 m.

- Reconstruction of seven (7) bridges
including 2 weoden bridges.

Air Itam - Deepening and widening of «river
channel of 3.0 km in length.

- Reconstruction of three bridges

Alir Terjun : - Deepening and widening of river
channel of 2.20 km in length.

- Reconstruction of nine bridges.

. Dondang IS Deepening and widening of river
channel of 5.3 km in length.

- Reconstruction of 8 bridges.

. Jelutong : - Deepening and widening of river
channel of 2.1 km in length.

- Reconstruction of 17 small brides

Figs.H-11 - H-15 show the proposed longitudinal profiles
d cross sections of these river improvement stretches.
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Fig.,H~-16 shows proposed plan of downstream reaches of the
Sg. Pinang.

- The characteristics of proposed river channel are shown
in Table H-3.

Construction of Air Terjun Diversion Channel

The proposed diversion channel from Sg. Air Terjun to the
North Channel will be constructed along Jin, Gottlieb and
Jln. Jermal.

The largest cxoss section of this underground box culvert
channel is 6.3 m x 2.76 m,

The proposed longitudinal profile and route of this
diversion channel are shown in Fig.H-17 and Fig.H-18.

Construction of the Dondang Retention Ponds
In Master Plan stage, five (5) number retention ponds
were selected in Dondang area using parks and open areas

proposed by MPPP in the urban development plan.

These ponds have a total capacity of about 300,000 m?,with
effective water depth of 2 m,

The characteristics of these proposed diversion channel
and retention ponds are shown in Table H-4,

Rivexs OQutside Georgetown
Sg. Keluang
a) Sg. Keluang
River improvement of 1.35 km will be executed including
river course extension of 0.20 km along the planned new land
reclamation areas.

b} Sg. Ara

River improvement of 2.21 km will be executed, including
the reconstruction of one bridge.

c) Sg. Relau

River improvements of 1.64 km at upstream of diverting
point of Sg. Relau. Reconstruction of one bridge.

d) Relau Diversion Channel
The diversion channel of 1.53 km connecting Sg. Relau
with Sg. Ara will be constructed through the planned new

development area. One new bridge will be constructed.

The proposed flood mitigation facilities for the whole
river system is shown in Fig. H-19.
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2)

3)

5.4

5.4.1

5.4.2

Sg. Dua Besax
River improvement of 3.25 km in length will be executed.

The extension of river course of 650 m due to future land
reclamation at its estuary will also be executed.

The other rivers

The proposed flood mitigation facilities for the other
rivers of grade B and C, are shown in Tables H-5 and H-6.

Total length of stretches to be improved will be 27.96
km. Number of bridges to be reconstructed is 39.

The longitudinal profiles and c¢ross section of the river
outside Georgetown are shown in Figs.H-20.

Figs.H-21 show the location o©of bridges to be
reconstructed.

Recommendation for Non-Structural Measures

General

For formulating a f£flood mitigation plan, structural
measures alone will not always achieve the objectives
effectively. This 4is due to the fact that the cost of
investment reguired for purely structural measures is enormous.
Consequently, a comprehensive flood mitigation plan should

always consist of both structural and non-structural measures.

In Penang Island, where rapid urbanization is expected to
proliferate further, the following measures are recommended.

- So0il Erosion & Run-off Control.
- Removal of Floating Bamboos, branches and Garbages

- Formulation of Design Criteria for River and Related
Structures.

- Instituting a Flood Warning System.

Soil Erosion and Run-off Control

There are many development activities in Penang Island
which often involve the removal of top soil thereby leading to

s0il erosion and sediment run-off.

This problem is very acute in sloppy terrains with housing
development, sand mining and agriculture.

These activities often cause not only natural environmental
degradation but also sediment-related disasters.

Especially, land development activities in the Penang Hill,

irrespective of its scale, is recommended to be strictly
regulated by law.
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During the course of such devélopment activities, sediment
transport with storm water run-off should be controlled at the
gource itself.

Storm water retention ponds will be very effective to
control sediment run-off by flash floods. Hence it 1s
recommended to formulate criteria for the installation of storm
water retention ponds in accordance with the degree of land
development activities when potential soil erosion is
anticipated.

Such development activities should be executed abiding by
Malaysian law "Earth Works By-Laws (1975}".

after the completion of the land development activities
like - housing, etc., some regressing and vegetation also be
retrieved as an erosion contreol measure at source.

consideration of Land Development in Steep Terrain
In Penang Island, there are many development activities
such as housing development, sand mining and agriculture
which are on-going or expected.
These land development activities, in general, bring about
negative effects to their surroundings environment due to

changes in the existing natural conditions.

Especially from the viewpoint of mnatural disaster

. prevention, the effects of land development will be carefully

examined.

These problems are very acute in steep terrains. 1In Penang
Island, especially on the mountain slope facing the east coast,
at the foot of which densely built housing areas exist, it is
strongly recommended to formulate the proper guidelines to
control slope developments not only to preserve a natural
heritage but also to prevent natural disaster.

The problems to be anticipated due teo the steep land
development activities are as follows:

- Decrease of potential water holding capability of the
mountain.

- Increase of run-off coefficients.

- Decreased stability of steep terrain.

- Increase of soil erosion and sediment run-off resulting in
a decrease in the flow capacity of river channel in its

lower reaches.

- Decrease of time of concentration resulting in an increase
in run-off discharge.

- Difficulty of installation of retention pond because of
limited space.

- Danger of steep slope land collapse and land siide.
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~- Loss of natural beauty due to the appearance of bare land.

Among these problens, sediment run~off, increase of run-off
discharge, and landslide/steep slope collapse could bring about
serious damage to the downstream area.

Slope stability mainly depends on geolqu,'the geclogical
structure, slope gradient, and ground watexr conditions.

In developing steep terrain, these existing conditions
shall be fully examined and proper countermeasures shall be
taken.

The recent disaster including debris flow due to careless
land development for resort area in Rio-De-Janeiro in Bra=zil,
is an example of potential disasters which c¢an be prevented by
appropriate countermeasures.

5.4.3 Removal of Floating Bamboos; branches and Garbages

Most rivers in Penang Island have mountainous or hilly
areas with natural forests in their upstream stretches.

During flooding, branches of trees, bamboos and other
debris are carried down the river course which get entangled at
rivexr structures such as bridge piers and box culverts thereby
disrupting discharge across them.

Hence removal of debris at regular interval and also after
heavy rainfall or during flood discharge, is extremely
necessary.

In order to prevent blockage effectively and prevent too
much accumulation, it 1is recommended to institute the
facilities for removal of such debris along upstream stretches.

Under normal flow conditions generally floating debris,
mainly garbages, are only observed.

These do not cause any seriocus obstruction to river flow
but is a source of environmental problem aesthetic nuisance.

For removing these normal debris of fleoating type screens
in the form of manually operated plastic drums are recommended
to be installed.

Incidentally, blockage of drains by garbages is already a
serious problem in Georgetown.

It is very important to maintain the screens properly with
periodic removal of garbages and other debris so that they will
not become a source of river discharge disruption during
flooding.

5.4.4 Formulation of Design Criteria for River and
Related Structures

It is recommended to formulate design ecriteria for river
and related structures such as bridges, gates, stec.
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This is to ensure that such river and related structures do
not hinder free flow under the conditions of flooding.

In the rivers in Penang Island, there exist many bridges
which hinder free flow of flood discharge.

Recommended design criteria of bridge is shown as follows:

Bridge Desi Ccri .

Appendix D of "Urban Drainage Design Standards and
Procedures for Peninsular Malaysia" prepared by DID presents
some bridge design criteria. However, the description of basic
conditions such as bridge openings, freeboard, location or
direction of piers is very general.

In order to design bridge structures which have a minimum
effect on river flow characteristics, more detailed criteria
may be necessary.

Pesign criteria should be established by giving full
consideration to hydraulic effects, consistéent with good bridge
design and economics.

The design criteria for bridge design adopted in Japan are
as follows:

- Principle of structural plan of piers and abutments
' talled i ; .

1, The piers and abutments installed in the river reserve
shall be planned for safety against river water action
under design high water level conditions.

2. The piers and abutments installed in the river reserve
shall not hinder the flow of river water at the time of
high water and shall not cause serious damage to the
banks and other structures. Construction shall be
properly planned to prevent river bed erosion.

- Abutments

1. In rivers with a width of more than 50 m, or in the
tidal stretch, the abutment shall not be installed
within the sectional form of flow. :

2. In rivers with a width less than 50 m, with no tidal
effect, the abutwent shall not be installed within the
river bank of river side.

3. The river side face of the abutment shall be installed
parallel to the bank alignment.
- Riers

1. The horizontal cross section of the piers installed in
the river channel shall be long and narrow, elliptical
or similar if possible. The longer dimension of a pier
shall be parallel to the direction of flow.
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2. The foundation of the pier in a river channel, in
principle, shall be installed at least 2 meter deep
below the river bed.

- Span. Length

1. The span length shall be equal to or greater than the
values calculated by the following formula:

L 20 + 0.005Q L = Span Length (m)

i

0 Design Discharge (m3/s)

2. For a river which has a 2,000 m3/s design discharge, in
the above formula, a span length of 30 m or greater
will be adopted.

3. The span length may be reduced to the following values

if serious damage is not expected from the maintenance
of the river.

1) Qg < 500 m3/s and B < 30 m

L = 12.5 m
2) Q< 500 m3/s B>30m
L = 15 m

3} 500 m3/s < Q < 2,000 m3/s

L=20m
where L = Span length and
B = River width
Bridge Clearanges

The distance between the design flow water surface and the
bottom of the bridge deck will vary from case to case and it is
very difficult to decide on the criteria for the necessary
clearance. However, the following freebeoard criteria for levee
design might be applicable to bridge clearance.

Design Discharge Freeboard

Amd/s) m)
g < 200 0.6
200 < Q0 < 500 0.8
500 < Qg < 2,500 1.0
2,000 <0 < 5,000 1.2
5,000 < Q < 10,000 1.5
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10,000 < Q 2.0

These criteria may be recommended as one of the guidelines.

.5 Instituting a ¥lood Warning Systen

It has already been pointed out that the catchment area of
Sg. Pinang basin is only 4% km? and 78% of the basin is
mountainous and hilly terrains.

Consequently, the time of concentration of run-off is very
short. Therefore, instituting of the flood forecasting system
is not practical.

The provision of a flood warning system is considerd to be
most feasible proposal, It is observed that there is an
existing automatic warning siren at the Sg. Pinang bank in the
vicnity of Jalan Perak.

However, the existing solar power battery source of the
siren is not effective after a long period of rainfall, thereby
affecting the sound level of the siren.

In order teo alleviate this problem, an alternative power
source is recommended,

Institutional Framework for River and Basin Management

5.5.1 Proposed Institutional Reforms

It is evident from the foregone discussions that the
existing framework of river and basin management and flood
mitigation and drainage is rather unsatisfactory.

An dinstitutional reform for the existing Comprehensive
Flood Mitigation Committee is proposed below, clearly defining
its functional authority and responsibility, so that its
jurisdiction will encompass the overall watershed management of
the whole island.

The speéific responsibility of the committee shall include
the following:

- To co—~ordinate and integrate the wvarious drainage plans
and projects in the whole island.

- To regulate the wvarious .basin development plans and
projects from the viewpoint of overall watershed
management .

- To maintain the retarding areas in a predetermined mode to
mitigate flooding.

- To formulate and update comprehensive flood mitigation
plan encompassing the whole basin, to construct and
upgrade the necessary flood mitigation facilities and to
formulate and enforce the legal restrictions on basin
development activities of run-off control.
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- Preservation of water resources and water quality to
enhance their beneficial use.

- Creation of a pleasant environment with overall
improvement of flood mitigation and drainage and water
resources management.

The comprehensive flood mitigation committee shall be
comprised of members from the following organizations:

- SEPU
- DI1D
- Town and Country Planning Dept.
- PDC
- PWD
- MPPP
- Lands and Mines Dept.
DID shall be the secretariat of the committee.

Regarding the planning, design and. construction of
facilities of flood mitigation and drainage, the overall
responsibility shall rest with EPU, with delegation of
responsibility to DID, MPPP, PWD, and PDC.

With respect to the operation and maintenance of the flood
mitigation and drainage facilities, the existing institutiocnal
arrangement involving DID, MPPP and PWD is satisfactory.

A flow chart illustrating conceptually the organization of
flood mitigation and drainage and its various stages of cause-
effect-mitigation relationship is shown in Fig.H-22.

5.5.2 Demarcation between Rivers and Trunk Drains for
Purposes of Maintenance and Operation

The State Public Works Department and Municipal Council of
Penang Island are responsible for the drainage systems outside
the city limit o¢of Georgetown and within the city 1limit of
Georgetown, respectively. All natural streams and rivers on
the Island are under the jurisdiction of the State Drainage and
Irrigation Department.

Once a natural river is converted to a concrete channel,
the maintenance and operation for this river will be under the
jurisdiction of MPPP,

However, at present there is no clear definition for rivers
and trunk drains, furthermore, there is no flood mitigation

master plan for rivers.

Under this situation, it is almost impossible to carry out
the proper management of rivers and drainage basins.
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All 25 rivers selected for the Master Plan in this Study
would have the capacity to safety discharge floods having a
50-year return period, despite their small catchment arxeas,
This is because their catchment areéas are expected to be highly
developed in the near future.

‘However, regarding maintenance and operation, these rivers
should be demarcated according to their major functions.

This demarcation is very important not only for flood
mitigation or drainage but also for clarification of which
agency 1is responsible for maintenance and operation of the
facilities.

For demarcation of these rivers, in addition to topographic
condition, land use and scale of catchment, the following
conditions were considered:-~

- Rivers with catchment areas less than 2 xm? would be
treated as drains.

- Portion of non-urbanized area in the future

- Portion of mountainous area.

- Natural base flow.

- Potential of river front or existing landscape.

A preliminary demarcation of rivers and drains is presented
in Table H-7,

Implementation Program

Basically, the construction works for the ccomprehensive
flood mitigation projects were contemplated to be divided to
three phases with a total implementation period of eighteen
{18) years taking into account the scale of investment, the
extent of economic effectiveness and degree of urgency based on
social requirement.

Fig.H-23 shows the implementation program for the 24 river
systems in Penang Island.

Phase 1

The urgent project (Phase I) was selected so as to realize
a quick benefit of the flood mitigation preoject and to meet the
urgent social requirement.

For the S8g. Pinang system, river improvement works of the
Sg. Pinang and its tributaries, construction of Air Terjun
Diversion Channel and Dondang Retention Ponds are contemplated
as the urgent project works.

River improvement works for the downstream stretch of Sg.
Gelugor, Sg. Dua Besar and Sg. Keluang and its tributaries, and
the construction of Relau Diversion Channel are alsco included
in this phase.
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Phase II

In the Georgetown area, river improvement works of Sg. Air
Terjun and upstream reaches of 5g. Dondang will be executed.

However, river improvement plan of these upstream reaches
of Sg. Dondang should be reviewed considering the on-going
housing project by PDC which is expected to £il11 up the
existing ground and relocates completely the existing route of
water way.

In addition Sg. Fettes, Sg. Bayan Lepas; Sg. Teluk Bahang,
Sg. Teluk Awak, Sg. Mas and Sg. Nibong Kecil will be improved.

By the end of this phase, all river improvement works for
the rivers of grade A and B will be completed.

Phase II1

The remainder, 14 rivers which are less important, will be
improved.

Since the program of land reclamation along the east cost
of the Island is not clear, it is recommended to modify the
implementation program of the rivers affected by land
reclamation in the future accordingly.

5.7 Construction Cost of the Project

The construction cost of the project includes the costs of
civil works, liand acquisition, engineering service,
administration, and contingency.

The c¢ost regquired for civil works is calculated by
multiplying work quantity by unit cost. The engineering and
administration cost is assumed at 5% of the sum of those
required for civil work cost and ceontingencies 1s assumed at
20% of the sum of the above costs.

The total project construction cost of Master Plan is
estimated to be 260.7 million M$ in financial terms at 1990
price level. The cost breakdown of the financial construction
cost is as follows:

(Unit : 103 MS$)

Phase Direct Cost Indirect Cost
Total

Phase I Sg. Pinang 27,670 107,780 135,450
The others 8,776 31.460 40,230
Phase II Sg. Pinang 4,998 15,508 20,506
: The others 11,036 14,974 26,010
Phase III The others 15,730 22,795 38,525
Total 260,721
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5.8 Economic Evaluation of Master Plan

An economic evaluatlon aims at enlightening the magnitude
of the economic feasibility of the 26 projects designed in the
flood mitigation master plan in Penang Island.

5.8.1 Benefit of Flood Mitigation Project

The benefit of flood mitigation project is defined as the
difference in the amount of damage potential "with the project®
and "without the project." Since no specific flood mitigation
project is scheduled at present by the relevant authorities,
full scale of the flcood damage potential in case of "without
project” is set eguivalent to the project benefit in this -
study. :

For the Master Plan stage, the following direct damage
potentials were considered as the benefit of flood mitigatien
project.

- direct damage
1) general property damage
- house damage potential
- household assets damage potential
- -commercial assets damage potential
- commercial stocks damage potential

2) public property damage
- flood damage of road
- flood damage of bridge
- flood damage of electric facilities
- flood damage of telecommunication facilities
- flood damage of school, hospital
- . flood damage of government bullding facilities

However, in the small catchments except the Sg. Pinang and
Sg. keluang basins, only house and household damages were taken
into account.

Number of the houses in the flood prone area is estimated
based on the population density shown in the "Penang Island
Structure Plan."™ In 1990, it shows that 5-year return flood
inundates about 2,590 houses and 50-year return flood covers
35,300 houses, while in 2010, it is expected 5,610 houses will
be inundated when: Georgetown is suffered from 5-year return
flood and 41,900 houses is damaged in case of 50-year return
flood.

Flood damage ratios by water depth are set based on the

data collected through the interview survey conducted by the
Study Team.
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Flood Damage Ratio

Water depth (cm) House Household Commercial Commercial

Article Assets Stocks
" 0<H<50 0.004 ©0.058 0.052 0.127
50<H<100 0.030 0.096 0.121 0.276
100<H<200 0.068 0.135 0.161. 0.37¢%
200<H<300 0.112 0.136 0.208 0.479
300sH 0.170 0.687 0.243 . 0.562

.2

Based on these daﬁage ratios, the flood damage potential
are estimated.

In this study, five (5) cases of return period of flood
damage i.e. 5-year, l(-year, 30-year, 50-year, and 100-year
return period of floods were estimated.

In the following space, the flood damage reduction
attributable to the project for the Sg. Pinang Basin are shown.

Return Period 1990 2010
l.l-year 5.7 5.8
S5-year 17.2 17.6
10-year 86.0 93.1
30~year 181.9 1987.2
50-year 238.7 259.9

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

D= X [{Ny3 = Np) x (Ig_y + Iy /2]
where, D : Average annual damage reduction
N : Probability of floods :
L : Damage potential corresponding to probability

of floods
m : Ordinal number

In estimating the annual average damage, the 50-year return
period is adopted as a maximum frequency because this returxn
period corresponds to the design flood frequency of the master
plan.

It 1s expected that flood mitigation project for the Sg.
Pinang basin results in 25.0 million Malaysian dollar and 26.6
million Malaysian dollar of average annual damage reduction for
1990 and 2010 respectively (1989 price).

Economic Cost
Two categorization of the project cost were prepared in
order to measure the investment efficiency of the actual flood

mitigation project. FEach project is evaluated based on two
difference cost;
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- Cost peculiar to flood mitigation works (excluding the
cost for river reserve and land beautification

- Cost including the river reserve and land beautification

For the purpose of flood mitigation, first cost might be
sufficient. However, some additional cost such as land
acquisition for river reserve and land beautification are
required to keep maintenance road and also to make the project
more acceptable by the inhabitants, and to improve the amenity
as well as to make the project more implementable in accordance
with the Malaysian regulations.

5.8.3 Egonomic Evaluation
The economic evaluation of the project was made in terms of
the economic internal rate of return (EIRR) based on the

following assumptions:

- The financial project cost could be converted into
economic cost by applying the conversion factors (=0.88).

- The total economic construction costs were distributed to
each year of the construction period according to

implementation program.

- The annual operation and maintenance costs are assumed to
be 1.0% of economic constructien cost.

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

- The opportunity cost of capital is 8.0%.

The results of this economic evaluation are shown in Table
H-8.
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TABLE H-4 PROPOSED DIVERSION CHANNEL AND RETENT ION PONDS

Air Terjun Diversion Channel

Design Length Section
Location | discharge o Slope Remarks
(m3/s) (km) H x B {m)

Sg. Air Terjun

1o 65 1.7 2.76 x 6.3 5—3—0 . ?.33'6
North Channel =
Pondang Retention Ponds
Location | Reservoir| Capacity
River No. Surface Remarks
(km) | (ha) (m3)
A 4.0 2.38 45,000
B 2.8 3.14 62,500
Sg.Dondang | C 1.8 3.88 112,500
D 1.0 4.74 86,700 Tributary of Sg. Dondang
E 1.5 1.27 23,700 Tributary of Sg. Dondang
Tolal 15.41 330,400
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TABLE H-7 DEMARCATION OF RIVER AND TRUNK DRAIN
CATCH- CATCHMENT |URBANIZED AREA RIVER (R)OR MOUNTAINOUS
MENT NAME AREA (") IN 2010 DRAIN (D} AREA
NO. {km2) {%) (%)
1 Sg._Flnang 46,07 45 R 8
2 lsp.Teluk Awak 2.95 66 R 86
3___18g. Teluk Bahang 12.3¢0 32 R 89
4 |sq. Baw Ferringhl 11.27 6 R 99
B Sg. Satu 2.58 18 R 92
6 180. Mas 2.11 77 R 63
7__1Sg. Kecll_ 2.75 28 _ R 85
8 Isg. Keilan 9.04] 30 R 86
9 Sg. Ballk Balu 0.80 91 D 71
10 _1Sg. Fetles 1.36 80 D 67
11 |Sg. Bagan Jermal 0.83 78 D 66
12 [Sq. Babl 0.84 90 b with Diverslon 52
13 [Sg. Gelugor 4.07 86 R 68
14 |5g. Dua Besar 6.19 g3 R B4
15 |8q. Nibonﬁ Bosar i.60 80 )] 19
16__18g. Nibong Kecll 2.77 85 D _ 16
17 1Sg. Keluang 22.17 44 - B 71
18 |8g. Nipah 1.69 84 D 24
19 {59. Kampung Mas|ld 0.84 84 D 39
20  1Sg. ikan Matl 0.38 92 D 53
21 _|Sg Bayan Lepas 7.04 28 R 85
22 _|Sg. Bal 0,90 43 D ~ 50
23 |sg. Mall 0.85 49 D _ 37
24 |Sg. Teluk Kumbar 7.06 16 R 67
25  |8g. Gemuroh 1.91 1 R 100
26 __|Sg. Gertak Sanggul 1.08 9 R . 83
27 18g. Pulau Betong 11.04 6 R 40
28 1Sq. Nipah 3.24 27 R 4
29 _ |Sqg. Burong 13.79 i7 R §0
30 ISg. Kongsi 20.63 i R 61
31 _ |58g. Pinang {D.B.D.) 19.99 a R 72

Note:  {*} Urbanlzed Area includes park, cemslry, and open Jand
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CALCULATION POINT Unit (t¥8)
TIME 1 2 3 4 5 6
1. i8 2, 5. &. 4, 10, 15,
a. 6. 7. 5. 12. i6.
5, 8. 8, 6. 14, 19,
8. 12, 10, 3. 17. 22.
11, 16. 13, 10, 23, 26,
16. 23, 17. 13. 30, 31,
1. 19 21, a1, 24, 17, A1, 39.
24, a7. 31, 21. 53, 48,
27. 43, 39. 25, 64. 60,
30. 48, 46, 29, 75. 74,
23, 53. 53, 32, 85, B8,
37. 58, 59, as5. 94, 101,
1. 20 40. 63. 65 38, 103, 112,
a6, 61, 66 as, 105,  i21.
34, 57. 65, 37, 102, 125,
32, 53, 62. a5, 97. 124,
30, 50. 58, 34, 92. 120,
28. a7, 55, a2, 87, 115,
1. 21 27. 45, 52, 30, B3.  109.
24. 41, 49, 28, 77. 103,
22, as. 46. 26, 72. 97,
20, as, 42, 24, 66, 9i.
19. az. 39, 22, 61, 65.
17. 30, 26, 21. 57. 79,
1. 22 16, 27. 3. 19, 53, 74,
18, 29, 33. 19, 52, 70,
21, az, 33, 20. 54. &8,
23, 35, 36. 21, 57. 69.
25, ag, 39, 23, 62. 71.
28. 42, 42, 25, 67. 75,
1. 23 30, 46, 46, 26, 73, 81,
a0, 47, 49, 28, 77. 86.
30, 48, 51, 28. 79. 91,
30, 48, 52. 29, 81. 95,
30, 48, 53, 29, 82. o8,
31, 49, 53, 29, az, 99,
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F :;'!"\" ”8 - _\:46‘0 _-,E
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