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3.2 Problems in Relation to the Devélopment
-Many kinds of development have been 1mp1emented or under plannlng. They are

agricultural, mining, vesidential purposes in the upstream area, and: the

town and industrial deVelopments in the coastal styxip. In the process of
developnent, no sufficient consideration of the flood characteristi¢s of the

area seems to be taken in. The reasons may be due to rapid development and
insufficient information about flood characteristics and the area drainage,
Major problems related to the flood are:
(1) Road
~ Long periods'of road closures and deep water.

- Increase of sediment xun—off

~ Effects on water levels caused by narrow or low bridges and
inadequate drainage culverts

(2) Town Development

- ﬁevelopment-in the floed prone areas
(3) Industrial DeveLopﬁent

- Developﬁent in the flood prone areas
(4) Agricultural Development

— Development in the floocd prone areas

-~ Increase of flood discharge and sediment run-off especially
during construction

(5) Others
- Sediment run-off from old mines
- Houses on the sand spits

These activities will increase the necessity of flood control and the
cost of countermeasures as well.
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In the case of laterite soil of the study area, the ratioc may be greater

than the figures given in Table 11.3.

An example of effects of development

on flood discharge and sedimentation in the river is shown in Fig. 11.14.

An example of discharge increase in the river mainly caused by river

improvement is shown in Fig. 11.15.

Table 11.3 DIFFERENCES IN SEDIMENT RUN~OFF BY GROUND
~ SURFACE CONDITIONS, 1962, BY KAWAGUCHI

Averagé Yearly  Yearly Sediment No. of
Erosion Depth Run-off D;tg Ratio
(mm) {tons/ha)

Forest Area 0.2 1.8 6 1
Grass Land 0.2 2.1 10 1.2
Cultivated Area 1.1 14.8 17 8.2
Bare Ground b.7 87.1 11 48.4
Desolated Area 23.6 306.9 o1 120.5

Source: Tadaki Akai et al, Forest and its Functions (1974)
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(a) River Improvement Plans Against the 1896 Flood
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3.3 Possibility of Countermeasures
(1) . General
Methods of flood control in general are considered as follows:

1) River Improvement

- Diversion channel, floodway
~ River mouth improvement

-~ Dyke and dredging

~ Reprofiling of wmajor bed

2) Storage of Flood Water

~ Storage of flood water and sediments come from development
areas ]
~ Dams, retarding basins, provide storage in the viver channel
—- Forest conservation
3) Improvement of Local Drainage

~ Improvement of bottlenecks
- Drainage in the development areas

4) Raising

- Houses, buildings and roads
- Ground elevation in the low area

5) Flood Warning

6} Landuse

~ Usage of land and location of facilities
- Necessary land for flood control and drainage

7) Control Facility

- Pumping station
Flood gate, control gate

8) Other methods to mitigate flood damages

Tt is difficult to obtain future design flood flows by river dredging
only because of difficulty in obtaining riverbed stability and the
required river width. Therefore,. it is necessary to consider a
combination of dyke, dredging and other methods.

There is a possibility of dams in the upstream area and retarding
basins in the swamp areas. But, in the case of dams, vast agri-
cultural areas in the KETENGAH should be excluded from the reservoir
areas. Main purpose of flood control is to mitigate the flood damage
in the downstream area, where population and properties are
concentrated. '
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_ Effects of river mouth improvement on flood level for heavy flooding

seem to be on the order of one metre, based on flood level records in
the Dungun, Paka and Kemaman Rivers. In the downstream low area,

" combined methods (3) through {8) will be practical. In the upstream

area, the storage of flood water will take an important role.

(2). Dungun River

Possibility of dam is limited in the tribataries that have small
catchment areas, because of KETENGAH development and villages along
the main- stream, - Thevefore, the efficiency of Elood control by dams
for the downstream is small, but is effective for the small villages
along the rivers. '

There is a large swamp in the Jerangau ~ Kumpal area. -~ There is a
possibility to use it as a retarding basin, combined with a diversion
channel from Jerangau, if topographic conditions are suitable. There
is less possibility of constructlng retarding basins in other swamp s
in the Dungun River basin. : '

Head loss at the river mouth is not clear because of the hydraulic
~effects of the bottleneck at the upstream bridge. It seems to be in
the range of 1.5 to 2 meters during large floods. River improvement
of the downstream portion 1is necessary together with widening of the
bridge openings.

(3) Paka River

The possibility of a dam is quite small because of the agricultural
area. A possible swamp retarding b351n is in the vicinity of Sg. Apu
confluerice with a catchment of 329 kmZ (about 40% of the total area
of -Paka basin).

{4) Kerteh River

There are no topographlc data except for the marine chart and a small
" scale map to determine the flood characteristics. ~Judging from the
map, river conditions may be similar to that of the Paka River.

River improvements and retarding basins in the swamp area will
possibly be effective. River mouth improvements will be costly
because of wide shallow area of the estuary compared with the Paka
River.

(5) Kemaman River

"Dams in the upstream of the main stream and Sg. Cherul may be
possible, depending on topography and geology. Though the dam will
be effective for the downstream area of each river, flooed problems of
the low areas along downstream Kemaman River will not be solved.

Even if the flood control dams are prov1ded it is necessary to raise
ground elevation or to provide pumped drainage.
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Possibility of retarding basins in the swamp areas is considered near
the junction of Sg. Cherul. A flood channel, if possible, toward the
sea would be effective for the low lylng ‘town’ area in the ‘downstream,

Two alternatives of river mouth lmprovements w111 be considered. One
is to provide training dykes on both sides of the existing mouth, and
the other is to make a cut at the Kg. Geliga. The former will have
few social problems but the latter will have problems though it is
considered physically the better scheme.

The river mouth improvements shall be studied together with the river
improvement strategy.

3.4 Flood Control Strategy

The flood characteristics and the possibility of countermeasures give the
following strategy for the smooth implementation of the development.

(1) General Notes

- To'recognize that the flood problem is one of the biggest
impediments for development.

- The rivers shall be improved downstream towards upstream in
principle.

~ Drainage principle is quick drain in the downstream reaches,
and storage of flood water or slow drain in the upstream
areas.

— Sediment problems shall be taken into account for both river
improvement and development.

~ Any development shall be implemented comsidering future flood
control possibility to minimize social costs.

- Flood control works shall be implémeunted stage by stage based
on future plans and urgent needs.

— Natural grav1ty flow drainage shall be adopted in principle,
especially in town areas.

- Flood control methods shall be simplified, as much as
possible, for management.

~ Flood warnings shall be continued until® flood control works
are completed to- a certaln level..

- Estimation of design flood‘dischargé shall be based on the
planned development and improved river conditions.

~ Change of feeling of the people affected by floods due to
modernization shall be taken into consideration.

il ~ 28



{2) Dungun River

Improvements downstyeam in the main stream and diversion channel, if
possible, ave considered. The river improvements include yiver mouth
improvement, dredging and providing dykes. Upstream areas shall not:
be developed without flood control countermeasures, such as dam and
retarding basin. '

Therefore, necessary land for future river improvement shall be
acquired. Detailed physical and social possibilities for the
diversion channel should be studied together with the use of swamps
as retarding basins. The town area mear the river mouth, which is
easily flooded, shall be reclaimed by raising ground elevation above
flood level of the river., :

(32 Paka River

River mouth improvement combined with downstream viver improvement
are considered necessary. Retarding basin in the swamp will be
considered if necessary. Height of the dykes will be lowered if the
river mouth is improved. '

(4) Kerteh River

River mouth improvements will -become necessary if the surrounding
area is widely developed. Topography in the estuary will be affected
by the training dykes. Therefore, it is necessary to consider these
together with landuse by reclamation.

{5) ¥emaman River

Flood problems of the low town areas along the Kemaman River will not
be solved except by pumped drainage or reclamation.

To minimize the earth volume for reclamation, the most effective
method is the floodway to divert all flood waters to the sea. A
retarding basin or dam will be considered if necessary for the
development or improvement of the upstream area.

_There are many problems to be studied, such as landuse of the Cukai
river basin, river mouth improvement, river improvement, etc. All
problems are related to the floodway construction, in other words,
depending on whether it is possible or not. Further study to decide
the flood control and drainage system shall be carried out.

3.5 . Land Classification’

In order to minimize the flood problem, suitable landuse is an important
factor to be considered in the development plan. :

Existing towns in the coastal strip are located in a relatively flood free
area. The industrial areas on sand bars are in a similar condition. But,
developments are extending to flood prone areas especially in Cukai.
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Desirable development will be implemented under situations of veduced flood
effects to neighbouring areas, flood free developed areas and low cost
countermeasures against flooding. Effect of flooding is small in the
coastal development, if there ate enough drainage systems established to
drain to the sea. Land classification from the viewpoint of drainage in the
coastal area is included as a factor in the landuse plan.

3.6 Methods of Solution
(1) Road

Flooded portion of the road shall be raised by embankment or by
continuous bridging in most cases. In the case of embankment, enough
openings based on the future drainage plan at reasonable locations
shall be provided. 1t is necessary to provide some drainage on both
sides of the openings to minimize head loss due to the embankment.
Enough openings means enough to pass flotsam and the future design
flood discharge. :

This method shall be started with the most important road.
(2) Town and Industrial Area along the Coast

In order to wminimize flood damage in the coastal area, the following
methods are considered to be effective: '

- River mouth improvement, though it is necessary to check the
actual phenomena.

- (Gravity flow drainage for the sand bar or relatively high
area. ' : o

- Raising the ground of the low area.

Raising will be carried out block by block using pump dredgers. But
this is difficult to perform in a densely populated area,

(3) KETENGAH Area

In the KETENGAH development area, flood prone areas are relatively
wide. These areas are considered under unfavourable condition for
plantation development.

(4) Traditional Kampungs along the Rivers

Flood problems of these areas will not be solved by providing ring
levees, unless drainage pumps are provided because of heavy rainfall
and the gentle flood water surface slope of the rivers. - Raising of
the residential area will be practical because it has less effect on
floods downstream.
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{5) Sedimentation in the River

Storage of sediments at the ends of the developed areas.together with
associated flood water will be a moderate solution., Localized
solutions such as silt traps, log traps, etc. are recommendable,
Other "in-situ” solutions such as the use of cover vegitation for
cleared land, clearing of trees felled, slope protection works, etc.

- should be implemented. '

History of change in river cross-sections and the difference in
sediment run—-offs shall be checked.

{5) River Mouth Sedimentation and Beach Erosion
1) General

Movement of sand in the estuary and beach is a complicated
phenomenon affected by wave, swell, coastal current, river flow,
bed material; topography and civil works. Sand bars or sand
splt formatlons appear in the estuary of- the rivers in the study
area, In these places the most 1nf1uenc1a1 factor among the
above ones for the movement of sand bars 18 the waves caused by
wind., River mouth sedimentation affects not only mnavigation but
also flooding.

Of these river mouths, the existing status and the associated
problems were discussed in the previous studies such as TMPS and
TCRS., The rivers of Dungun, Paka and Kerteh have a similar
phenomenon at the river mouth which becomes shallow and is
navigable at high tide for small fishing boats. Bar formation
is also observed.

The Kemaman River mouth was dredged in 1979 for the navigation
of palm oil boats and log lighters. The status seems less
severe than the above three rivers, although it is said to have
occasional draft restrictions.

e

Beach Erosion at Dungun

The beach from the Dungun River mouth toward the south (about
1.5 km) has been eroded. The eroded beach is protected by
rubble mound and the rubbles are partially removed by wave
action. According to TCRS, the erosion began in 1950s and
occurs in the monsoon seasons.

In relation to the flood problems, sedimentations in the river
‘mouths shall be taken into consideration. Sedimeantation in the
river channel decreases its capacity to flow the flood discharge
and raises the flood level. Sedimentation at tha river mouth
causes head loss during the floods.
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Sedimeat run-off in the study area is considered to be large in
specific volumes because of its geology. In addition, the vast
 development in the mountainous areas will increase sediment
run-off during rainfall. “The sediments produced in the upstream
area flow into the river and are partially deposited in the
channel especially the downstream portion where velocity' of
flood flow decreases. Most of the sediments will bé transported
to the South China Sea and transported away by ocean currents.

River mouth topography in the study area are characterised
mainly by monsoon waves and hard portions {rocks) at the
tanjung. Movement of sand in the estuary is considered to be
affected by the following factors: '
a) NE monsoon wind waves and swells (strong and high
frequency): sand bars, and southward direction of sand
spits formation, beach erosion in the south of tanjung.

. b) BSE wind waves and swells: northward direction of sand
spits formation by littoral current

¢) River flow especially flood flows: flushing force of
sediments ' T

d) River flow due to tidal range: flushing force of
sediments

e) Ocean currenit: unknown forces
f) Other coastal currents

g) Deposition in the river mouths by density currents or
combination of silty soils

h) Topography
i)}  Physical characteristics of sediments
i) Civil works, etc.
k) Other factors.
2) Nechsity of River Mouth Improvement
a) Dungun River
Thetre .is a large sand.bar at the river mouth which seems to
affect flood levels greatly. According to the flood profile
of 1983 flood, flood level of the river near the mouth is
about 4 metres above M.5.L. ~ Sea level during peak of the
- flood was not observed, but may be on the order of 1 or

1.5 metres above M.S.L. The difference of 2.5 or 3 metres
are regarded almost same as head loss due to sedimentation.
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3

But, hydraulic characteristics are not obvious because of
bottlenecks around the Dungun Bridge. TFrom the viewpoint of
flood control, it is necessary to know the effects of sand
bar on flood level. ‘

This study just p01nts out that there is a possibility of -
effects of the sedimentation on flooding. Effeciency of the
river mouth improvement is considered to be large at this
stage both for floodlng and navigation.

b) Paka River

The road along.the Paka River is easily suspended by flood.
In order to solve this traffic problem, river improvement
including the mouth and moderate raising of the road are

considered to be effective together with mitigation of fleod
damage in the low area along the rlvgr.

c) Kerteh River

River mouth improvement will become necessary in the future

'if the low area is developed. For the time being,

efficiency of the river mouth improvement is small while the
cost is high.

d) Kemaman River

The floodway will be effective for the development. If the

floodway is constructed, the river miouth improvement is not

important for flood control purpose. As to navigation, the

situation is better than that of Dungun River.

e} Summary

The necessity of river mouth improvement is high in Paka
River followed by Dungun River. Dungun and Kemaman shall be
studied more, together with drainage and navigation problems.

Countermeasures
a) River Mouth Improvement

Though the phenomena of river mouth sedimentation and beach
erosion are complicated, countermeasures are small in
number. Practical solutions for river mouth sedimentation
is to provide tralnlng dykes on hoth sldes of the river
mouth.

According to the empirical study on river mouth improvement
for the 160 rivers of Japan, by the Ministry of Construction
of Japan, the following conclusions were obtained:

-~ Impermeable training dykes which do not allow overtopping
wave are successful in the case where the river mouth
width is smaller than the distance between shore line and
waye breaking point. '
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~ Short training dykes provided around shore line are not

successful.

- River dredging was quickly filled back by sediments
Lransported from upstream areas in some cases.

- Interval of dykes (river width) shall be wide and dykes
shall be straight for future improvement possibility.

But, it is effective to

bend slightly at the tip of the

dyke to prevent wave intrusion.

~ Countermeasures against wave and scouring action for
necessary portion of a dyke are required.

= In order to maintain water depths in the river, it seems

necessary to extend the
become 3 - 4 metres.

dykes until water depth at tips

- One side training dyke cannot prevent sand bar formation

from the opposite side.

.= In case of both sides dykes, a dyke facing predeminant
waves shall be longer than the other side.

~ Training dykes shall have smooth alignment.

- Too much wide river mouths cause sedimentation in the
river mouth. Saline wedge formation during flood which

is caused by wide river

Though these general notes
and phenomena of the river
little different from that
the outline of river mouth

mouth shall be avoided, etc.

are not based on adequate study
mouths of the study area are a

of Japan, it is helpful to decide
improvement.

Major differences of natural features between the east coast

and coasts in Japan are as follows:
East anét 'Jaﬁanese Coast
Tidal Range About 2 metres 0.3 - 1.0 metres
Wind - Frequént and long Large 1n velocity
term in NE monsoon aud not long term
River Discharge Long term flooﬂ Short term flood

There is no definite solution for river mouth sedimentation

because of its complicated

phenomenon. But the above

mentioned general notes and the differences give the outline
of countermeasures and points of further study to be carried

out.
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b} Beach Ereosion

In the case of erosion at Dungun beach, rubble mound
protection or off-shore dykes are considered ag suitable
methods to solve the problem.

Rubble mound protection has a tendency to be scoured at
their bottom. Therefore, it is necessary to add some rocks
or concrete blocks to prevent scouring action. Off-shore
dyke type is considered to be successful in the case of

sandy beach like Dungun, according to empirical study by the
Ministry of Construction of Japan. Importance of the natural
beauty and aesthetic value of the beach should be duly
considered, Figs. 11.17 and 11.18 present the concept of
improvement. ’
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4, Water Use

4.1 Water Supply

Low flow discharge of the rivers in the study area is abundant because of
the following reasons:

- Storage of water in the forest
- Moderate distribution of rainfall in non—-monsoon season.

The study on water uses was conducted in SCTWR and TMPS. According to the
studies, requirements of the domestic and industrial water use are forecasted
at 7.03 mgd (0.370 m3/s) for Dungun River and 43.67 mgd (2.30 w3/s) for
Kemaman river in 2000. In addition, irrigation water demand in 2000 is
estimated 67.45 mgd (3.55 m3/s) for the Dungun, Paka and Kemaman River

basins.

The minimum flows of the rivers for 1/50 year frequency are estimated at 110
mgd (5.79 m3/s) at Jerangau of Dungun River and 131 mgd (6.90 m3/s) for

the total of the Sungai Pinang intake of Kemaman River and the Kampung
Kertapi intake of Paka River. )

These figures indicate that in the year 2000 there would be sufficient water
flows with which the water use requirement can be met. OGround water use is
seen in less populated kampungs. The government is implementing the
programmes to install piped water distribution system into these areas.
Dependency on ground water use would be negligibly small in 10 to 15 years
from now.

Increase in water demand will be due to population increase and
modernization such as increased use of air conditiomers, flush toilets, car
washing, etc.

Balance of Supplj-and demand of water shall be checked stage by stage as
recomnended in the Master Plan. A programme for the implementation of water
supply for domestic and industrial uses has been studied in detail.

4,2 Study on Salinity Problem

Salinity intrusion at the iﬁtakes of Dungun, Paka, Kerteh and Kemaman Rivers
is a major problem for water supply. (SCTWR)

The deepest riverbed of these rivers in the downstream reaches are lower
than sea level. Tide propagates quickly toward the upstream. Therefore,
saline wedge goes up very far from the river mouth in the case of a gentle
slope river.

This density.current phenomenon is delicate affected by'river flow, profile
of the river and tide. :

Source: 4) State Repbrt Vol. 7, NWRSM
5) WVoi. 1, SCTWR

1
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If the river is improved, saline wedge will go upstream more. Possibility
of improvement in lower reaches of these rivers is high for flood control-

purpose.

In order to solve the problem of salinity intrusion at the intakes, there
are two major methods of solution as follows:

- To change the location of the intake
- To provide a barrage

In the upstream of the rivers, high concentration of suspended solids during
and after rainfall is a problem. Storage of water is considered as a
temporary method to solve the problem. : s

In the case of barrage (weir), steel gate type is expensive and troublesome
to operate, while rubber dam type in low flow channel is economical and easy
to maintain. Heights of rubber dams are less than 3 metres in most cases of
the past example. :

Top-elevation of the dam shall be higher than saline wedge at the intake -
under high tide and small river discharge conditions. Detailed study to
decide structural plan of the barrages together with the location of intakes
shall be made before river improvement schemes are commenced.
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Recommendations
Flood Control
{1) Priority and Programme

lst Stage (urgent)

— Cukai Town Drainage Because of rapid development in the
flood prone area, it is necessary to
determine a trunk surface drainage
network in the urban area coordinated
with plans of river improvement,
landuse, roads and others.

- Dungun Town Drainage : Determine an overall main drailnage
network and coordinate it with the
ongoing drainage project in the
central area.

— Main Road along the Coast

. Dungun : local drainage; road raising and river
improvement of the bottlenecks.

. Paka o : road raising together with river
: improvements.
» Kerteh : local drainage and road raising
.; Cukai | : local drainage and road raising
2nd Stage |

— 'Main Feeder ‘Roads

- An overall river plan for main rivers in the study area and
implementation programme.

3rd Stage
-~ Detailed design according to the programme, and conétruction.
(2) Further Study

1) River Plan of Kemaman River System

- Floodway (alternative study)
~ Drainage of. the downstream area’
~ Method of flood free roads from Cukai to the Highway
=~ Plan for barrages at the intakes
= Overall flood control plan
.~ Implementation programme
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2)

3)

&)

5)

River Plan of Dungun River System

- River improvement and study of barrage
- Diversion channel with retarding basin
=~ Overall flood control plan

-  Implementation programme

~ Drainage of Dungun town area

Paka River System

=. River improvement and study of barrage
~ Flood free roads

- Drainage of downstream low area

~ Retarding basin in upstream areas

- Overall flood control plan

=~ Implementation programme

Kerteh River System

Drainage of downstream areas
Method of flood free roads
- River improvement
Implementation programme

River Mouth and Beach
- Paka River:

Observation of monsoon waves, sounding,; study of river
improvement and sand movement, etc.

~ DBungun River:
Study of flood profile, observation of monsoon waves,

sounding, study of offshore dykes, study of training dykes
if necessary.
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Arrvangement of basic data landuse, flood daﬁdge, topography,

geology, water use, hydrology, river
characteristics, etc.

Study method ~——-—-H~H~Lq;*——mmﬂ method of run—off analysis,
: ' pracedure of plannlng, study cases,

etc.

Y.

—

Division of catchment area : —| consider study method

Y

Rainfall analysis. ———_——1‘__“muﬁ“_ rainfall distribution, points of
‘discharge estimation {for major
floods)

A

Run—off analysis existing conditions, future basin
nﬁ_———1__;_~____. and improved river conditions

without dam, etc. for several flood

frequencies
Y
Discharge capacity existing capacity, p0381b111ty of
. the river ilmprovement

¥

Basic conditioms - flood frequency, design rainfall

(urgent, future), HWL at the river
mouth, etc.

-

Strategy for mitigation river improvement, dam, retarding
of flood damages . . “basin, diversion channel, river

- énvironment, soil control, etc.
"{alternative studies)

1

Overall plan design conditions, discharge dis-
b_—____ﬁ*_~1h;_____~_ tribution, ceefficients, improvement

plan, dam capacity, etc.

y

main features of facilities-such as

River plan — 1in f _
: ' ' ] : river profile, dam reservoir,

diversion channel, retarding basin,
etc., construction stage plan

FIG. 11.23 FLOW CHART OF RIVER PLANNING (FLOOD CONTROL)
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(3) Necessary Information

1)

2}

3)

4)

5)

6)

A topographic map prepared to a scale of about 1/10,000 or

photo mosaic with contour lines every 2 metres or less, for

the coastal area and low area along main rivers.

- for estimation of flood water volume aud river
improvement plan, etec.

Cross-sectional profile along the Dungun, Paka and Kemaman
Rivers at about one kilometre interval for one . kilometre
width. ' :

Longitudinal profile along the river to be improved
indicating heights of ground, riverbed, flood water and
bridge girder, etec.

To arrange the following data of the flooded main roads.

- 1ongitudinal profile showing heights of road surface,
ground elevation :

~ general drawings of main structures across the rivers
with elevations

- ‘topographic map showing drainége system. All elevations
shall be based on the méan sea level datum.

To observe or survey flood profile along the Dungun River
from the sea to Keliyu. '

~ to know hydraulic characteristics of the river mouth and
bottlenecks around the Pungun Bridge

Other general information for river planning:
a) MHydrological Data

- flood characteristics (relation between rainfall and
discharge in hourly basis at standard points)

- flood levels at river mouths, flood area, etc.

- gediment data such as physical characteristics of
riverbed materials, development areas and the
desolated areas.

b} Landuse Informatiom

~ history, existing and future conditions of landuse im
the basin area.

c) Water Use
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-~ facilities for water use in the river (existing and
future plan)

d) River Use and Environment

~ mavigation, recreation, natural features, etc.

Water Use
(1) Water Supply

To continue the programme shown in SCTWR, and assess and evaluate

supply and demand situatiomn.

(2) Salinity Intrusion
To continue storage of water as plamnned by JKR.

To study location and determine structural plan for barrage in
low~flow channel. :
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Appendix 1. Rough Estimation of Design Flood Discharge
(under the existing river conditions)

(1) Method of Estimation

- Design flood shall be decided based on the detailed river plan
including hydrological analysis both of future and existing river
conditions as a flood control project.

In this study, rough estimation under existing river conditions is
tried to obtain information of drainage study for the coastal area.
Results of hydrological study by SCTWR and NWRSM are used for the
estimation. ' ' o '

Appendix Table 11.1 RESULT OF THE STUDY BY SCTWR

Riit:;i;;e | _ Peak Discharge (m3/$)
A= 1,515 k2 | A= 622 tm?
Sg. .Dungun at Jerangau Sg. Kemaman Sg. Rantan Panjang
.m3/s ) m3/s/_km m3/s w3 /s /km?Z
2 1,699 1122 538 ©0.866
5 2,690 1.777 793 1.277
10 3,256 2.151 991 1.596
20 3,964 - 2.618 1,189 1.915
50 4,389 2.899 1,444  2.325

100 4,814 3.180 1,699 2.736

Source: SCIWR, P10.9



(2) Estimated Flood Discharge

a) Dungun River
At the river wmouth, A = 1,812 km?
Dlscharge for Dlscharge for
Frequency : 13515 km? 1,812 km?
(Year) Q0 (m /s) Q (m /s)
2 1,699 2,040
5 2,690 3,220
10 3,256 3,900
20 3,964 4,750
50 4,389 5,250
100 4,814 5,760
1,812
= Q * 1,575
b)  Paka River (A = 830 km?)
Discharge for Discharge for
Frequency = 622 km2 A = 830 km?
(Year) Q (m3/s) Q (m3/s)
2 538 690
5 793 1,020
10 991 1,270
20 1,189 1,530
50 1,444 1,850
100 1,689 2,180
_ Q830 _ 2,050
Q= Q x 5677 = W * 1500
c¢) Kemaman River

At the junction of Cukai river,

Discharge for

Frequency = 622 km?
(Year) Q (m3/s)
2 538
) 793
10 991
20 . 1,189
50 1,444
100 1,699
S = Q1,780
Q= Qo x Q622
A-.

Q %

Discharge

A= 1,780 km?

for
= 1,780
Q (m3/s)

1,180
1, 740
2,170
2,600
3,160
3,720

3,500
1, 600



Appendix 2. Drainage of Cukai Town Area

The western area of the existing Cukai town is under development. Ground
elevation of this area is about 3 metres lower than maximum flood level. 1In
order to develop the low areas along the Kemaman River, the following flood
control methods are considered: : .

(1) To imprqve_the”existihg Kemaman River and provide pumping stations for
~ inland storm water drainage.

(2) To provide pumping.statioh in the development area surrounded by a ring
levee as studied by DID.

(3) To provide a floodway

It is not practical to raise the ground elevation because of the large
depth of raising., : :

Method 1) Existing River Improvement with Pumping Station
" This is the ordinary method of f£lood control. But, in this case, it is
obviously of higher cost than methods 2) or 3) because of the length of
river improvement required and the large pumping capacity required.
Method 2} and 3) are practical. :

Comparison of methods 2) and 3) is made as follows:

Method 2) Pumping Station with Ring Levee

Daily rainfall 50 year 576 mm/day
' 20 year . 504 mm/day .

10 year - 420 wm/day

5. year 348 mm/day

Area drained by pumps = 10.5 km?

Pump capacity ' : Storagé ca?acity'of pond
50 year = 49 m3/s _ © 1,06 x 106m3
20 year = 43 m3/s _ _ 0.93 x 106n3
10 year = 36 m3/s : 0,78 x 10%m3
5 year = 30 m3/s : 0.64 x 106m3

(run—dff coefficient = 0.7)

Construction cost
Total

Pumping Station Pond dredgiﬁg ' Dyke (M8 Mil.)

50 year 1x10°$/m>/s x 49 5$/m xL. 06x106 3 1000§/mx10,000m 64
63

20 year’ 1x106$/m3/s'x 43 5$/m xO 93x10 ™ 1000$/ﬁx10;000m 58
10 year 1x10%/m>/s x 36 5$/m #0.78x10%>  1000$/mx10,000m 50
5 year 1x10%/m>/s x 30 5§/m x0.64x10%m>  10008/mx10,000m 43

A~-3



Method 3)

Floodway

Floodway shall be designed for adequate capacity to carry away large
flood discharge, otherwise flood damage will be large when flood water
overtops Lthe dyke. Design flood shall be performed for a 50-year
frequency or more for the future stage. '

Length = 10 km, Width = 500 m

Flood discharge 50 year - 3200 m3/s
20 year _ 2600 m3/s
10 year . 2200 m3/s

Construction cost

50x166$ (60x106$)

50 year 10,000mx1000m3/m e 5$/m3

' 6 2600
20 year  50x10° x J94p

41x10%  (51x109%)

' o ¢ 2200
10 year 30x10° x 3700

B

35x10%%  (45x106%)

1

m = 500 ha

Land acqﬁisiﬁion 10,000m x 500m x

20,000$/ha x 500 ha = 10 x 100§

Construction costs of methods 2) and 3) do not differ sco much.

But,

in the case of Method 2), the following demerit must be taken into

account .,

Area drained by the pumps is small compared with the area
protected by floodway.

The pumps have to be replaced esvery 20 years.

Troubles in maintenance and operation and its cost.
(about 0.5% of the construction cost a year) '

Pump capacity is usually decided by 5 or 10 year frequency flood.
There fore, towns will be flooded once every 5 or 10 years.

Therefore, Method 3) is recommended both for future and urgent
requirements. - The costs estimated above are very rough, because of the

lack

of topographic and, geological information and not being based on

detailed study.
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Appendix 3.. Drainage of Paka

The road aloﬁg the Paka Riﬁer is easily'flooded-and is affected by the
flooding of the main stream. Flood level will be lowered by the river
improvement which includes training dykes, dredging, short-cut and low river
dykes. '

A plan of raising the road more than 2 metres will result in better _
conditions for traffic, But it will not improve drainage conditions of the

downstream area. A combined plan of river improvements and slight raising
of the road surface is better for the future drainage of the area.

Rough cost estimate for river improvement is shown below:
Length = 10 km, Width = 300 m

S S
6,000

—
]

Design flood discharge = 1,530 m3/s
(20~year frequency)

Dredging = 6 x 106 @3

Cost for dredging and dykes will be
6 x 100 m3 x 5§/m3 = M$30 million.
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CHAPTER 12 ENVIRONMENT

1. Baslc Concept of EnVLronment Control
1.1 Environment Control in Advance

As the economy and society develops, the environment changes through
industrialization and urbanization. Development imposes a load on the
environment by emitting surplus substances and energy into. the common.
property of the people. When the load exceeds the limit of*purlflcatlve,and
restorative capacity, co-existence of the people and the environment would
be seriously damaged. Once it has occurred, in general, the cost of remedy
is so large that it surpasses the cost of countermeasures to be provided
before hand. : Prevention of ‘environmental deterioration in advance is an
effective way of avoiding the extra cost.

1.2 Enhancement of Living Environment in Towns

The living environment of a town changes as the population increases as a
result of urbanization and accumulation of individual discharging sources.

In the case of garbage, human .wastes, household effluent and other efluent
produced in the course of daily life, 'local government manages to dispose
these, since it is difficult for individual household to treat them ‘
properly. As the production and _consumptin are activated. in towns, the
volume or surplus discharge increases. A maJor direction of measures to
deal with these urban/living type pollut1on is to strengthen management of.
the treatment process by public services with a collectlve intensive method.

Moreover, in order to ach1eve the overall enhancement of 11V1ng env1ronment,
comprehensive town plannlng regardlng the land use, tranSport and
infrastructure system should be carried out. - Well planned and controlled
development of a town is a prerequisite to-achieve a higher. amenlty, which -
is a fundamental function for the productive future.

1.3  Industrialization and Environment

Industrialization is, 'in-a way, a tool of proverty eradication by means of
restructuring the economic framework and generating more employment
opportunitiess :

The ingcrease of income raises the living standard of people, becauee they
generally seek higher amenity as they have more spare time and extra.
income. Consequently they ask for better living envircnment. . Thus,
industralization is indirectly related to demand for a better quality of
-life.
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On the other hand, however, the industrial activities cause increase of
effluent and ‘emission. through the production process. Pollutants are
produced in the process of burning oil and gas, when the emission gas is
exhausted into the atmosphere without proper treatment. The effluent from
the productlon process are not favourable for human health unless 1t is
treated. properly.. : : :

The toxie substances dlssolved in the effluent would pollute the water.
resources on the surface and under the ground, and also the ground itself.
The industrial waste is a . subJect for environmental management whether it 1§
burned or dlscharged into dumps. : '

The effluent, emission and waste should be managed properly so that: they do
not damaged the environment seriously. Appropriate measures priox to the
environmental deterioration should be introduced to safeguard human health
from any harm due to the industrial activities, The cost for these measures
should be basically born by the polluters.

1.4 Env1ronmental Impact Assessment

The procedure and gu1del1nes for env1ronmental impact assessment in Malay51a
have been developed jn line with the’ Government policy statements contained
in XI of the Third Malaysia Plan 1976 - 1980 (TMP). It was recognized that
development and environmental conservation should be kept in balance so that
the benefits of development are not negated by environmental damage and
dlsruptlon. - :

The_Government stated that in the evaluation of all relevant projects, an
assessment of the overall impact of these projects on the environment would
be undertaken before embarking on the implementation of such projects, to
identify all likely env1ronmenta1 effects as well as the means to overcome
them. . -

The Environmental Impact Assessment Handbook (Procedures-and Guidelines) was
prepared in 1979, and received the endorsement in principle of the
Environment Quality Council. This' procedure applies to all development
works and proijects initiated within the publlc and private sectors that fall
into the follow1ng categories: :

1) All Qevelopment'works and projects initiated by Ministries/
DEpartments/Statutory'Authdrities or State Governments.

2) All development works 'and projects inititated by the private
- sector which are wholly or in part financed by Federal or State
Government- loan or grant. or by a lean guaranteed by the Federa] or
State Government. : : ‘ :

3) All development works and projects initiated by the private sector

which require a licence, permit or approval from any Federal or
State Government Ministry, Department or Statutory Authority.
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It provides- for the Prellmlnary Assessment and the Detailed
Assessment as follows:

Preliminary Assessment
. The objectives of Preliminary Assessment are, for selected projects:
i) fo examine and seléct from the project options available, and

ii) to 1dent1fy and 1ncorporate into the pro;ect plan approprlate
:"abatement and mltlgatlng measures.

Prellmlnary Assessment is normally 1n1tlated at an early atage, or 1n.
the prefea31b111ty study of proJect plannlng.

Detailed Assessment

The obJectlves of Detailed Assessment are, for projects with
potentlally 31gn1f1cant residual environmental 1mpact-

1)_to descrlbe the s1gn1f1cant-:e31dual env1ronmental impacts
: predicted from the final project plan,.and

1ii) to ‘specify mltlgatlng and abatement measures . in the final project
plan. : : : : :

Detailed Assessment is required to be made in the feasibility study stage.

In this kind of regional study, conceptual assessment is intended before
starting the Preliminary Assessment for project indentification in respect
of ‘the- enV1ronmentaI issues. This process also works to recognlze -and
minimize the anticipated 'adverse effect of the recommended project .at this
early stage. In the next process of Prefeasibility Study, the preliminary
assessment can be used as a tool for environmental control.
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2, Envivonmental Planning of Towns

2.1 Necess1ty of Environmentsl Plannxng af Towns.

The increase of population of a town stimulates more productlon and
consumptlon. First it requires more living space and generation of more
trips follows. The population needs more supply. of water, and consequently
‘discharge more effluent, household sewage and waste.

For a good gquality of life, the wanagement systems of household discharge
cannot be neglected. Here the solid waste management and water quality in
Dungun and Chukai are mainly discussed.

2,2 Solid Waste Management
2.2.1 General

The solid waste in Malaysia can be classified into four kinds; household
waste, streetl waste, industrial waste, and night-goil. - The household waste
consists of many different substances from individual sources, mainly’
garbage and rubbish. The household waste and-street waste (including park
‘and other open spaces) atre usually managed by the Local Government.

Industrial waste includes construction waste and factory wastes. They are
generally managed by the responsible industry at its own cost under the
instruction of Local Government.

Night-soil is collected once in a while from the nouses which use pitholes
or septlc tanks.

In Malays1a, about 174 of the local authorltles dispose of ‘these wastes by
controlled tipping at designated landfill sites. . Open burning. is practiced
by 55% of the local authorxtles, while incineration is practlced by 2% of
them. -

The average size of sanitary fills in the country is 100 mZ per 100
‘people. Land for waste disposal is running out in the developing regions
such as Pahang, Kelantan and Terengganu. An éstimate shows that 407% of
these disposal sites will be filled up in the next 5 years.

The uncollected or improper disposal of waste can be a source of odour
nuisance and health hazard through rodents and pasts. The leachate from the
dump site would contaminate the surface and ground water, and soil.
Improper disposal is often seen along the river side. People use the river
as a dump site or a conveyor of refuse to the sea.  This kind of dumping
should not be abused because it directly pollutes the water and interrupts
the drainage system., Therefore, solid waste disposal should be controlled
and managed properly by the local authority with cooperation of people to
achieve a better envirounment and higher quality of life.
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2.2.2 Solid Waste Management in Dungun

The houshold waste in Dungun is collected daily except Friday by lorries,
and dumped at Bukit Lat landfill site and burned in the open aivr. The other
dump site is along the Santong Road, about 6 km west of. Route ITI., This
site receives thelr waste from Paka area. - '

The waste is mostly Erult left over and paper. The District Council.is
plannlng to build and incineration plant to treat the household waste. ‘'lhe
residval incineration waste w111 be dlsposed of on farms.

The sclid waste management of Dungun should be strengthened by installalion
of an incineration plant as programmed and also by careful colléction so
that the waste will not be left on the street or thrown into-the river.
Moreover, the wonitoring gystewn shodld ‘be ‘set. up in the near future to-
observe the waste treatment management of the new industries which may
discharge different kinds of vesidue other than the traditional waste,

2.2.3 Solid Waste Management in Cukai'

The household waste in Cukai is collected. daily”except'Fridays by lorries,
and dumped at Paya Geliga landfiil.site, and burned in the open air. But as
this area is being developed as-a re51dentlal area, the site will. be changed
to Bukit Takat. The District Council of Cukai alse covers the Kerteh ared.
The constructlon waste at Kerteh is, however, managed by the conatruction
companles. :

The-waste is mostly fruit left over and paper. A new loecal rule was made-
last year that for a new residential atea, the council sells plastic bags
for waste disposal to the resLdents, and it is not collected unless: the bag
_countalnlng waste. is hung on the fence. :

The council has a programme ‘to install an 1nc1nerat10n plant in the near’
future to burn eSpec1a11y the wet waste durlng,ralny season, because burning
the waste in open air is difficult during this season. :

The solid waste management of Cukai should be stremgthened by installation’
of an incineration plant aetording‘tO'the plan. - The collection system
should be’ upgraded so that the waste is not 1eft oiit the street or thrown
into: the river. : : . :

Dlscharge from the construct1on site in Kerteh should be watched carefully
so that it is treated properly.
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2.3 Water Quality
2.3;1 Preéent Condition'of Water Quality'in the Study Area

The Study Area is drained by four major river systems: Sg. Kemaman,

Sg. Cukai/Kerteh, Sg. Paka and Sg. Dungun as classified under the Water
Quality Comtrol Regions (WQR) of 38, 39, 40 and 41 respectively

(Figure 12.1)}. 'The monitoring stations were selected based on the follow1ng

criteria;

i) Intake point of water supply

ii) Near the water pollution source
iii) Representative points of the river section
iv) Accessibility to the point

The parameters used for analysis of all the samples are: temperature, PH, -
BOD, COD, NH3 and suspended solid (SS). The average results of BOD (the
organic pollutlon indicator) and suspended solid (the turbidity indicator)
are displayed on the water quality maps (Flgures 12.2 and 12.3).

In terms of BOD, the map shows that most of the rivers in the study area are
clean except two tributaries of Sg. Kemaman: Sg. Ransan and Sg. Neram in’
1980. These small rivers suffered most severely from the discharge of the
palm oil mills. The mean BOD levels recorded at the stations at Sg. Ransan
(4332618) and Sg. Nerma (3933616) were 286.5 mg/l and 311.0 mg/l
respectively.

As to S8S, a large portion of the rivers were found to exceed 50 mg/1l which
is the limit for drinking water indicated in the Environmental Quality
(Sewage and Industrial Effluents) regulations 1978 (Table 12.1).

In the study area, standard A in the Table 12.1 is applied for the following
four catchment areas. .

1, .Sg. Dungun
2. Sg. Kemaman
3. 8g. Kerteh
4. Sg. Tumpat

In the Sﬁngal Kemaman region, the high 88 level of Sg. Tebak could be
attributed to the effect of the Terengganu Development Management Berhad
(TDMB) Palm 0il Mill, and the mining activities in the Tebak catchment area.

Sg. Paka showed the 85 level ranging from 80 to more than 110 mg/l probably
due to the logging and mining activities in the upper reaches. The 88 level
of Sg. Dungun ranged from 30 to more than 110 mg/l, possibly caused by
logging activities in the upper catchment. _
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Table 12.1 PARAMETER LIMITS OF EFFLUENT OF STAKNDARDS A AND B

' Standard
Parameter Unat ry B
(1) (2) (3) . (4)
1. Temperature - _ - C &0 ' 40
2. pH Value : - . 6.0-9.0 : 5.5-9.0
3. BODg at 20°C me/1 20 50
4. COD ng/1 50 100
5. Suspended Solids _ mg /1 50 10¢ -
6. Mercury mg/l ' 0.005 0.05 .
7. Cadmium mg/1 0.01 0.02
8. Chromium, Hexavelent ' mg/1 _ . 0.05 : 0.05
9. ‘Arsenic , ' ng/l 0.05 .. o 0.10
10. Cyanide mg/1 _ - 0.05 : © 0,10
11. Lead _ mg/1 ' 0.10 0.5
12. Chromium, Trivalent mg/1 0.20° 1.0
13. Copper : mg/l 0.20 1.0
14. Manganess mgfl . - . 0.20 1.0
15. Nickel mg/1 0.20 1.0
16. Tin | mg/1 0.20 1.0
17. Zinc ng/1 1.0 1.0
18. Boron : ' ‘mg/l 1.0 4.0
19. Iron (Fe) ' ' mg/l. 1.0 - 5.0
20. Phenol . . . mg/l . . 0.001 1.0
21. Free Chlorine mg/l 1.0 2.0
22.  Bulphide : mg/1 : 0. 50 0.50
10.0

23. 0il and Grease S mg/1 Not Detec-
' : table

Notes: A is applicable to the rivers of Dungun, Kemaman, Kerteh and Tumpat.
B is applicable to others.

Source: Environmental Quality (Sewage and Indstrial Effluents)
Regulations 1978

12 - 10



The Report -on 1980 Water Quallty Monltorlng Program for Terengganu Tengah
Region concludes that;

- The major.rivers in Terengganu Tengah, based on the mean levels of
BOD5 @ 20°C and ammonia nitrogen recorded in 1980, were not
suffering from any majox degree of pollution., Only the tributaries
(very small rivers), which were under the impact of the discharge
‘from palm 0il mills showed severe degree of pollutlon (of BOD and
ammonia’ nltrogen)

.- T0wnsh1p development in the new towns, the mining activities and
-the palm o0il mills' discharge had contributed to the high levels
of suspended sollds in certain sections of Terengganu Tengah
rivers.

2.3.2 HWater Quality'Control.
(1) Organizatione

Desiring to evolve appropriate'policies and programmes to. ensure that
economic development goes hand in hand with sound management of the
environment, the. Env1ronmental Quality. Act, 1974 was. adopted. The
Division of Environment was established in 1975, and renamed ‘as the
Department of Environment (DOE) now functions under the Ministry of
Science, Technology and Env1ronment.' ' :

The efforts of DOE were concentrated on the development of admini-
strative procedures and regulatlons for pollution control. -To '
improve the water quality of the most chronic sources, Environment
Quality Regulations on crude’ palm oil and raw natural rubber were
 enforced on 1st July, 1978 and lst April, 1979 respectively. The
regulations on sewage and 1ndustrlal effluents were enforced in
. ‘December, 1979. :

The branch OfflCES of DOE have been establlshed in Lembaga KemaJuan
Pehang Tenggara- (DARA) and Lembaga Kemajuan Terengganu Tengah
(KETENGAH) respectively with effect 1979.1 1) These DOE special

units were established in compliance with the loan agreement with the
Asian Development Bank. :

Taklng cognizance of'the magnitude and:tyPe'of development the DOE
spécial unit for’ KETENGAH drew up a river water quality monltorlng
programme to achieve the’ follow1ng obgectlves

1} To assess the su1tab111ty of the water for the beneficial
uses which include drinking, industrial water supply,
agricultural 1rr1gat10n, and flsherles.

(There is little dependence on the rivers for fish protein
in this region. The main industry is the processing of oil
palm while irrigation is emtirely for padi cultivatiom).

Note: 1) The DOE office moved out from the KETENGAH building in May, 1984.
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2) To evaluate the. impact of the vatious development activities
on the regional water quality,

3) To determine if the water quality standards are b31ng
achleved : : :

(2) Impact of the various activities on the eglonal water ‘quality.

Among the DOE s obJect1ves, assessment of the su1tab111ty of the
‘water for benef1c1a1 uses was made hy DOE as implied in the present
condition of water quallty.' The data show that the water of the main
rivers of the study area is§ safe for drlnklng, fisheries and
industrial and agxlcultural uses. :

The major activities which cause a large impact on the regional water
quality are twonship development, agricultural development, mining
activities, and palm oil mills.

The outstanding effect of the township and agricultural .development
on the water quality is measured by its turbidity or by the suspended
solids (S$) due mainly to erosion of the cleared land (Fugire 12.4),
The soil erosion and siltation of rivers raise the needs for flood
control, regulation of stream flows and purification of water
supplies. - : '

The impact of the discharge from palm oil mills is severe when it is
not treated properly. ‘Mills in the study area are obliged to check
the water quality of effluent monthly and submlt the data to DOE
three tlmes a year, .

The Director General is authorized to issue a licence either subject
to conditions or unconditionally (Environmental Quality Act, 1974,
Section 10). The licence is renewed every year after approval and
payment of the licence fees prescribed according to the following
factors; :

a) the class or premises; .
. b) the location of such premises;
c) - the quantity of waste discharged; -
d) the pollutant or class of pellutants discharged;
e) the existing level of pollution. '

The data submitted by the six mills to DOE in 1980 are summarised in
Table 12.2.

12 - 12



t DUNGUN
e

& ""3"

H-‘

I

( KERTEH

KEMASIK

CUKAL

- LEGEND _
: E KETENGAH New Towns

: m Agricultural Area

2 Logging Ared For Timber Complexes
' - Mining Area 1980

. Forests /
Alienated Lands o A

f=—— Existing Roads

FIG, 12.4 LOCATION MAP OF THE DEVELOPMENT ACTIVITIES

3

12 - 13



u20a3 TN  JesRTUOTmY

Hd

sprjog p@puadsng
purwaq usBAxp IBoIWAUS

Hd

88§
a0d

nueg8usis] eBTEMy UT 2DIFJ0 oG I 22In0g

usloxgTy [B3IOL NL
3SE23H PUB IT0  TIO
SPITOS TBIO0L  : SIL

puBmag UBAXQ TBITWRYSOTY - (0%

- A3otourminy (¢

*0.06 - s&ep £ 3JO ummu.w.sohm pouUTRISP mﬂ.emwma.mom (Z

rﬁawma “811) dem QOﬂwmooadmﬁu 70 3BU] 03 spuodssaxodi-oy (1 ¢

.muoz

1L 901 . 8°9 6 21 897 967 8¢ *q9d,67 f211ep 20qer 9
o'l Stzw €299 8 621 099°T mmm;” 087 “994,67 wezoy epTaL S
oL otcL 0% & 66 st 7zt on +494,67 gL v
¢t zz st o1 og iz s T .jmw.h ysI1vy nEsEY wpres ¢
Lt 6L €€y © 8 - gv  om8'T 98T 0L __pqmwm,mm ne3usiep EPTAL T
8°L ze €€ 41 1 ossL sov e "q34,91 (35om) Te3eg neBueisr EPTL T
Bd NI 1351 _._AHo 88 8l aoo _Awmom _wa<m TIIW FHI &0 AUV Aﬁ.oz

(0861 Ut 1/3m)

STIIW 110 WIVE 40 INIANTAAY 40 ALITYOD YAIVYM T°2T1 91qel

12 - 14



The limit of different parameters of effluent have been set in the
Environmental Quallty (Crude Palm 0il)" Regulatlons 1977 as shown 1n

Table 12.3.

‘Table 12.3 PARAMETER LIMITS FOR WATER COURSE DISCHARGE (mg/1)

‘Period BOD cop TS SS  OIL NH3 TN e 7l)
1.7.1978~ - o e oo . o
30.6.1979 5,000 10,000 4,000 1,200 150 25 200 .5.0-9.0° 45
i.7. 1979_ . . . : .
30.6.1980 2,000 4,000 2,500 800 100 15 100 5.0-9.0 45
1.7.1980- . | o -
30.6.1981 1,000 2,000 2,000 600 75 15 . 75 5.0-9.0 45
1.7.1981~ ' - | S
30.6.1982 500 1,000 1,500 400 . 50 10 50 - 5.0-9.0 45
1.7.1983~
31.12.1983 . 2502)

1.1.1984- B
30.6.1984 10037
Note: 1) B indicates'thé'Températﬁréj(C°).

2), 3) These values were obtained at DOE office in Kuala Terengganu.

The comparlson of. the surveyed BOD value in Table 12 2 with the _
regulatlon limit, 100 mg/l for 1984, shows. that the levels of 5 mills
satiafy the limit. The value of FELDA NERAM exceeded the limit of

BOD.

Mun1c1pal wastes affect the Watefzquality.ih towns when they enter
water bodies. They are garbage and sewage from households, public
markets and 1ndustr1es.. The absence of sewerage systems in most

parts of the country 1s'the main cause of the city-type water

p011ut1on. Accordlng to the Annual Report on Natural Environmental
Quality. of Malaysia 1979, only 58.2% of the rural populat1on were

served by sanltary latrines (plts/septlc tanks)

These activities 1nf1uence the water quallty 50 much when managed

“poorly that quality control_shquld be pursued properly in conformity

with the related regulations.
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3. Environmental Planning of Industries
3.1 Necessity of Eavirconmental Planning of Industries

The env1ronmenta1 planning of 1ndustr1es is needed for three dlfferent
stages: -

1) Site allocatin stage,
2) Construction stage, and
3) Operatlon stage.

Durlng the site allocatlon stage, a study should be made from the viewpoint
of environmental comservation to dec1de ‘the approprlate 1ocat10n of industry.
. The study differs for types and sizes of 1udustry, and for the characterls—
tics of the candidate area. Naturally, a more comprehens1ve study 1is
required for a large scale industrial complex in an environmentally sensitive
area than for a small industry.in an ordinary area.

For thé construction stage, special care should be taken to minimize the
influence of construction to the adjacent areas as much as practical. The
construction method and transportation of the construction materials and '
waste should be carefully studied so that the effect to the people w0u1d be
l'ﬂl. D 1mum. :

The'1mpact_of_the,dperatin stage differs depending on the type of industry.
The major issues, in general, are water pollution and air pollution. In
terms of water pollution, in order to prevent polluting the public water
bodies, the effluent from indstry should be Lreated properly by the
individual industry. For prevention of air pollution, adequate measures
should be taken to minimize the emission of pollutants to the dpen air. .

3.2 Present State of Envifonmental.Pollution by Indutries

‘3.2.1 ‘Water Pollution

The identified sources of water pollution in Malaysia were the oil palm and
rubber industries. Though the number of factories and the effluent volumes

are small relative to the other industries, thelr proportlons in terms of
BOD are remarkably large {Table. 12 4). -
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Table 12.4 WATER POLLUTION OF 3 CLASSIFIED INDUSTRIES, 1976 -

Effluent Volume : BOD_Load

_SPUFC?: A jN“mber cu.m/day : 'toﬁnES[day
Palm oil S 130 S 14,200 284
 Rubber | | 375 116,000 208"
Other industries . 6,000 | 412,000 12

Source : Annual Report on Natural Enviromment Quality 1979.

In order to offset these water pollutlon, the f0110w1ng regulatlons were
enforced under the Eavironmeatal Qua11ty Act, 1974

1) hnv1ronmenta1 Quallty-(Prescr1bed_Premlses)
(Crude Palm Oil)'Regulatidn, 1977

2) Environment. Quallty (Prescribed Premises)
(Raw Natural Rubber) Regulations, 1978

3) Environmentél_Quality (Sewage and InduSﬁrial Effluents)
Regulatidns,_1979. '

Wlth the effectlve enforcement of these regulatlons, it was estlmated tnat
80 percent of the industrial pollut1on would have been overcome.

3.2.2 Ait Pollution

Air pollution is not as widespread as water pollution, however, it deserves
priority attention at it directly related to human health through breathing.

The major share of air pollution in Malaysia is generated from vehicles
which exhaust emission gas containing_a-large amount of carbon monoxide
(CO). The CO gas constitutes 48.7% of all the pollutants emitted into the
atmosphere as a result of fuel combustion, followed by sulphur dioxide
31.3%, nitrogen oxide 11.2%, hydrocarbons 6%, and grit and dust Z.8%.
Transportation contributes 96% of the total hydrocarbons and 70% of the
total nitrogen oxide, '

The industrial sector is the main source of sulphur dioxide (509) and
particulate matter. The industries emit 51. 6% of the total 805, and the
power stations solely emit 46.1%. With regard to the total particulates
em1331on, woodburnlng accounted for 40%.

In the sLudy area, air pollutlon is caused- by sawmill industries and waste
burning in the open dir, although the degree of pollutlon is not seriocus yet.
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3.3 Environmental Planning of Industries in the Study Area

¥or the site allocation of industries in the study area, special attention
should be given to conservat1on of the natural conditions,

The coastal reglon of south 1erengganu is known for its natural beauty,
which is a major attraction to visitors. Especially, Rantau Abang is famous
for the giant leathery turtles that come ashore yearly to lay their eggs on
the desolate beaches., The Goverament has set a programme to restrict
collection and sale of their eggs to ensure that the species will not be
endangered. Special care should be taken to cease destruction of nature,
and ta prevent marine pollutlon.

For the harmonious ex1stence of the industries with nature and people,
provision of the buffer distance is requested by the Department of
Environment. The strategy adopted in preparing the guidelines involves the
classification of 1ndustr1es according to their potential to generate air,’
water, land and noise pollution. Four groups of industries namely Light,
General 'A', General 'B' and Special Industries were selected and for each
group of industries, buffer distances between them and residential areas
were recommended (Table 12.5).

The Envirommental Tmpact Assessment Procedure was approved by the National
Development Plannlng Committee in 1978. The Environment Impact Assessment
Handbook prepared in 1979 shows a list of projects which require the
Preliminary Assessment in the Pre-Feasibility Study. The list shows among
others that one of the manufacture of petroleum products, and none of basic
metal industries are exempted from preparation of the assessment .

For the further study of industrial development in the study area, close
coordination with the Department of Environment is needed for achievement of
well~controlled development without spoiling the environment for the benefit
or not only the present, but the futuye generations.
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Table 12.5 RECOMMENDED BUFFER DISTANCE FOR INDUSTRIES

Buffer Distance

Type of Characteristics .
(m)

Industry

Light ' Not create air, water, land. © 200 - S00
' and noise pollution :

Genefal A o Not pfdduce toxic and o . 500 - 1,000

- dangerous materials

General B Produce dust; odour, ' 1,000. 1, 000

noise and liquid waste

Special Industries Potehtially hazardous . o 1,500 3,000
- o : Industries; pulp and paper - .7 or more

mills, integrated steel

‘mills, power statiom, -

refineries, petrochemical

plants, primary alluminium

works, cement works, acid

manufacturing works,

quarry works, etc.

Source : Department of Environment
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Appendix 1  ENVIRONMENTAL PROTEGTION

1.1  Introduction

It is almed in this study that the petrochemlcal complex being planned at
Terengganu district shall utilize the latest technology available and shall
form by itself a totally enclosed system to achieve conservation of
resources and energy, and environmental protection.

This petrochemical complex will, therefore, basically be pollutioﬁ_free;
eliminating the hazardous substances within its process plants and
preventing their dlscharge to the env1ronment.

In this study, the plants are planned and. desxgned based upon the Japanese
regulations for environment protection which are regarded as the most severe
in the world. Envirommental standards of Malaysia arve also applicable to
this study with a few exceptions which are considered inadequate from the
technical as well as economical viewpoints.

In the planning of environment protection measures the following steps are
adopted. ‘ : .

{1)- Confirmation of Source of Pollutants
{2) Establishment of Standards for_Pollution Pfevention and Control

To prevent_any_pbllution ceqsed by the operation of the complex,
skandards are to be ‘established’ for waste gas and effluent.  The
standards so established are based on applicable laws and regulations
in Japan, standards in Malaysia, and the appllcablllty of pollutlon
preventlon and control technology. :

(3) - Design of Pollution Prevention Facilities

Waste treatment and disposal methods and facilities necessary to
achieve the environment protection targets (for waste gas and effluent
emission) are designed in accordance with the standards as established
above. For this design, theé optimum combination of two methods was
considered to be adopted; those two methods are:

a) Control aver generation of waste, by improvement of processes
(including change of the design of equipment)

b) Contalnment, whereby to the greatest ‘extent contalned at
their sources.



1.2

Wastes from Petrochemical Complex
(1) General

Studying the sources and nature of wastes makes it possible ‘to
establish pollution prevention measures. To insure proper operation
of the complex, technology which has been proven in exXisting plants
including utilities plants and pollution prevention plants, is to be
uszed. ) :

We explained the some example as follows:
(2) Ethylene Plant Wastes

The ethylene plant is designed to form a closed system from the
requirements of energy conservation as well as:

a) Minimiziung the waste effluents

b) Treating each waste effluent at the origin and making best
use of it. The quantity of quench water blow-down, for
example, has been greatly reduced as compared to the
conventional plant. As the various schemes like this have
been applied to the latest ethylene plant the waste effluents
to the outside are minimized or are almost nonexistent.

As shown in Fig. A~1-1, effluent and gaseous emissions are generated
when the ethylene plant is cperated under normal conditions.

The major liquid phase effluents from the ethylene plant are as
follows.

— {Quench Water Blow-down

Steam is mixed with ethane as a diluent prior to pyrolysis. Most
of the condensate of this steam, called "quench water", is
recycled for generating steam.

To prevent scale, part of the condensate is replenished with
fresh water (make-up water), The water which is removed from the
cycle is called quench water blow—down. Recycling of the
remainder reduces the required capacity of the effluent
processing facility.

The blow-down is permitted to cool before conveyance to
predisposal processing facility.

- Spent Caustic Soda Solution

Cracked gas is washed by caustic soda solution to remove acid gas
" (mostly carbon dioxide}. The spent caustic from this and wash
water are sent to the effluent processing facility after
neutralization with dilute sulfuric acid. The spend caustic
after neutralization only contains 5-10% sodium sulfate.
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(3)

Boiler Water Blow-down

A high-pressuvre boiler is installed to recover waste heat from
the cracking furnace. To prevent scale, part of the boiler water
is changed. The blow-down is reused as caustic wash water.

Surface Runoff Containing 0il

Surface runoff contaminated with oil in the area of the
facilities is collected in the waste water pit, then conveyed to
the centralized waste water treatment facilities.

Regarding waste gas from the ethyleme plant, control of the
concentration of pollutants in gaseous emission from the plant is
carried out at each source of emissions. The waste gases, the
processes whereby they are produced, their nature and control

methods are described as follows.
Cracking Heater Flue Gas

Cracking heater flue gas is the waste gas generated in largest
quantity. - Lt contains no sulfur compounds as natural gas is used
as fuel and therefore no S0, is released. N0, flue gas

quantity; however, it is not regulated in Japan.

Catalyst Regeneration Off“gas

Two reactors for selective hydrogeneration of acetylene are
installed in the ethylene plant (one for standby use). During
normal operation carbon is deposited on the catalyst, reducing
the ‘activity of the catalyst. Therefore, operation is stopped at
regular intervals and the catalyst is regenerated.

Before regenerating the catalyst, the carbon deposits are

stripped by injection of steam, and are sent to a blow—down stack
to be burned. Therefore, no carbon is released. During catalyst
regéneration,_carbon is only burned, so no pollutant is released.

Blow~down Flare Stack Gas

The gaseous hydrocarbon is not purged cut during normal
operation, however, the large scale flare stack is furnished to
treat the gas by complete combustion in case the gas should be
released during start—up operation or emergency. To prevent
smoke atomizing steam is introduced. NO, content in flare gas
is less than 100 ppm.

Wastes from the VCM Plant

To minimize . pollution from the VCM production process the oxygen-based
oxychlorination process is to be used.

As shown in.Fig- A-1-2, the VCM plant consists of two reaction
sections (oxychlorination and EDC cracking) and two purification
sections (EPC purification and VCM purification).
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VCM plant wastes are to be rendered harmless in the facilities
provided for that purpose (waste processing section and hydrochleric
acid recovery section), and after that sent to the centralized waste
water treatment-facilitles in the utility center.

~ Waste Products

Wastes from this plant comprise gases, effluent and waste water.
The waste gases are vent gases from the oxychlorination section
and from the EDC purification section. Because these gases
contain chlorinated hydrocarbons, they are sent to the furnace in
the hydroch10r1c acid recovery section to be burned at high
temperature  Gaseous hydrochloric acid, a ‘byproduct, is
recovered as a hydrochloric acid. The distillation effluent

comprises light ends from the EDC distillation section and heavy
ends from the EDC purification section.

These are sent to the furnace where they are burned at high
temperature, together with the waste gases. The quality of
hydrochloric acid recovered from this is adequate for use in the
electrolysis plant. Waste water will be emitted from the
oxychlorination section, and the EDG/vCM pur1f1c3t10n section;
these are to be sent to the EDC stripper in the waste processing
facility.

{4} Utility Facility Waste

The utility facilities will generate the following emissions and
effluents.

Facility ' Waste ‘Pollutant

Boiler Water

Purification Facility Water blow-down ' Salts
Cooling Tower Water blow—~down Salts
Boiler _ Water.blow—down ~ Salts
Fuel vent gas RO,
Gas Turbine Fuel vent gas | NO,

Effluent from the utilities facilities includes only salts, in a
slightly higher concentration than usual’ 1ndustrlal water, and it is
not necessary to send the effluent to the processing facility. There
will be no water pollution problems.



1.3

The fuel used is proceased natural gas; because the processing removes
sulfur, no §0y is contained in fuel gas from the enexgy section of
the utilities facllltles. The concentration of NOy in gas from the

-gas turbine is 130 ppm, and that in gas from the boiler is 100-130 ppm

(the latter value ranges depending upon the use of a low-NOy burner).

Environmental Protection Standards

(1) General

Env1ronmenta1 protectlon standards for the petrochemical complex are
devised from the stand point of view of insuring the most efficient
operation of the complex and the hlghest dégree of protection of the

environment, by tdking into comsideration the folliowing.

a) Pollutant control levels are to be established and applied to
waste products from the complex.

b} Existing Malaysian envxronmental protection standards are to
be appllcable.

c) The Japanese'statutory fequiréments regarding pollution
control are to be applicable.-

d) The most widely adopted technology is to be utilized.
(2) Air Pollution Control Standards.
Pollutants from the complex and the respective countermeasures are as
shown below. - Note should be made that Malaysia does not at present

have statutory requirements concerning such emissions.

(Air Pollution Abatement)

Pollutaht. : : _ _ .Countéfmeasures,Considered
1 _ : _ _

NO, Control generation by use of a low-NOy burner;
use of NO, elimination facility is not
considered necessary.

Soot Generation of soot to be controlled by
regulation of combustion. Precipitators etc.
are not needed.

50, No S0, is generated because the fuel is sulfur-

free.




Note: 1) A De-NO, process to reduce emission of NOy to 40 ppm is
available. However, in this project, as the plant is to be
located in a sparsely-populated and industrialized area, it
is not considered necessary to provide it with the De-NOy .

&4 130 ppm NO; without treatment may be acceptable, because
in most of the industrialized countries the De~NO, unit

is installed only in heavily populated and 1ndust11allzed
locations.

Standards for emission into the atmosphere are established for this
study as follows. '

(Atmospheric Emission Standards)

Emission Source Facility Standard (Maximum)
1/ Hydrochloric Acid  VCM plant ' 5 ppm
2/ WO, Gas-fired boiler 130 ppm
3/ Soot Gas-fired boiler _ 0.20 g/Bmd
Incinerator . 0.70 g/Nm3

Notes: 1/ 5 ppm can be easily attained by caustic soda washing and
this figure.clears the emission:limit in Japan.

2/ NO, is said to be a cause of photochemical SmOg .
In Japan, environmental standard limit of NO, is 0.04
ppm. However, that . of NO, is regulated case by case
depending upon type of'industry or facility, and the gas—
fired boiler is only regulated at present {no regulation
for NO, exists in Malaysia). 1In this project, there-
fore, the conceptual design for boiler is made in
accordance with the standard in Japan. The minimum figure
to be attained by up-to-date low NO, burner which will
clear "the limit for the existing facility" in Japan may
be recommendable, because the limit applied for the
facility to be mewly built is not accomplished by adopting
only low N0y burners.

3/ Based on the permissible limit in Japan, because there is
no. specific requirement in Malaysia.
(3) Waste Water Control Standards

Waste water control standards are determined on the basls of the
following:

a) Treated waste water is to be dlscharged into the ocean
through the sewer.



b)

The following processes are to be used to prevent or reduce

pollutants in waste water.

(Waste Water Control Standards)

Process

Function

Primary Processing:

Gravitational separation of

0il (CPI o0il separator)

Coagulative flotation

Coagulative sedimentation

Filtration

Secondary Processing:

Activated carbon absorption

Removal of oil

Removal floating suspended
solids

Remove finely suspended solids

Remove suspended solid.

Removal of matter causing COD

c)

Biochemical treatment methods

are not employed because of

operation reasons expected in Malaysia and the nature of the

eEfluent.

The standards for waste water control are set up in this study as
shown below: . : .

(Standards for Waste Water)

Effluent Item Standard.
pH 5=9
BOD 50 mg/1

cob 100 mg/l
Suspended solids .30 mg/l -
Total dissolved substances (TDS) Not. regulated
0il and grease : 5 mgfl:
Phenols 1 mg/l
Copper 1 mg/l
Zinc 1 mg/l
‘Free chlorine 1 mgfl
Temperature - 40°C




1.4

Pollution Preventing System to Meet the Environmental Protection
Standards

(1) Air Pollution Preventing Facilities

The following measures are to be adopteﬂ'to prevent air pollution.

Air Pollutant Source Facility Measures
NO, 1/ Boiler : Use low-NO, burner
Hydrochloric Acid Tncinerator Caustic soda washing
Chlorine Incinerator and

Electrolysis Plant Caustic soda washing

Note: 1/ No special measure is provided for the cracking heaters,
because as stated in the subsection 1.2 (4) above, NO,
content in the fuel gas from the cracking heaters is less
than 100 ppm and no regulation exists in Japan.

(2) Central Waste Water Treatment System

Effluent from the plants is to undergo a primary treatmént in the
plants where it is generated, and if required will undergo further
treatment in the centralized waste water treatment facilities provided
in the utilities center which will treat the waste water so that it

conforms to the standards set forth here prior to being discharged
into the ocean.

a) Spent Caustic Soda Solution from the Ethylene Plant

Spent caustic soda solution from the ethylenme plant is passed
through the clarifier, then the sand filter to the guard basin.

b) Quench Water Blow~down

0il is separated out in the CPI oil separator; the blow-down is
then passed through the sand filter and subjected to activated
carbon adsorption in order to reduce COD. :

¢) Runoff Containing 0il, from the Ethylene Plant.

0il is. separated by the CPI oil separator and suspended solids
are removed by coagulative sedimentation.

d) VCM Plant Waste Water

Suspended sollds are removed by the sand filter and materlal
1nf1uenc1ng COD is eliminated by activated carbon adsorption.

A~ 10



e) Sludge from Water Processing Facilities

Solids and water are separated in the thickner and suspended
solids ave removed by the sand filter.

f) Effluent not Processed in Central Wasgte Treatment Facilities
~ The following effluent is not to be processed in the central
" waste water treatment facilities and is to be sent directly to
the guard basin, because no pollutants are present:
-~ "Cooling tower blow-down :
-~ Circulating water from the boiler water treatment f33111ty

- Boiler blow-down

For reference, standards in use in Japan are as follows:

Emission Standards (National Level)

Pollutant . Facilities _ Permissible Limit
Chiorine Electrolyéié plant ' 30 mg/Nm3
Hydrochloric Acid  Electrolysis VCM plant 80 mg/ Nin3
Incinerator . 700 mg/Nm3
NO, Gas~fired boiler 100 ppm
(for new boilers)
Gas—fired boiler 160 ppm 7
(for existing boilers)
Soot ' Gas-fired boiler 0.2 g/bm3
Incinerator 0.7 g/Hlm3

Source: Air Pollution Control Law (1977)
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Waste Water Standards {(National Level)

Pollutant Permissible Limit

pH ' | 5.0 ~ 9.6

BOD _ 166 mg/1 (monthly average 120 mg/1)
cop | 160 mg/1 (monthiy é#efage 120 ng/1)
Suspended solids - 200 mg/1l (monthly average 150 mg/1)

Compounds extracted by
n-hexane (mineral oil

content ) 5 mg/i
Phénols content b mg)l
Copper content ' 3 mg/l
Zinc cdntgﬁt. ' 5 mg/l
Total dissolved solid Not regulated
Free chlorine - ' Not regulafed
Teﬁpefature Not.régﬁlated

Source: Air Pollution Control'Law_(1979)
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Appendix 2 CAFPITAL COST ESTIMATE FOR
PETROCHEMICAL COMPLEX






1Table A-2-1 CAPITAL COST ESTIHATE FOR PETROCHEMICAL COMPLEX (KERTEH)
{fthylene: 142,000 T/¥) )

{UsD Hillion in Constant 1984 price}

Ethylenz LLDPR HOPE VCH Bropylene

F.C.  L.C. TOTAL  F,G.  L.G. TOTAL F.0. L.C. TOTAL F.C. L.C. TOTAL F.C. L.C. TOTAL

FOB Equipaeat 7.0 - 3.0 14,2 - 16.27 145 - 13.5 I 13.7
Civil 1,3 7.1 8.4 0.5 31 3.7 0.% 2.6 3 3.1
Erection 1,6 3.6 10,2 0.7 1.8 4.5 0.8 LN} .7 1.8
Eagineeting 1.8 - 13,8 6.0 - 6.0 5.0 - 5.0 5.1
Tranapartation & Insurance 5.4 1.5 6.9 2.4 0.6 3.0 2.0 0.5 2.5 2.5
Supervising 3.0 0.6 4.4 1.7 0.2 1.9 14 0.2 [ 1.6
Plant Cost (as ayvacted} 62.9 11,8 80.1 218 7.7 333 20 6.4 29.4 23] 6.5 9.8
Land Cost
PP Urllitles ° . off-size . TOTAL

¥.C, L.C. TOTAL F.C. L.C, . TOTAL F.C. L.C, TOTAL - F.C, L.G. TOTAL
FOB Equipment 13,0 - 3.0 130 - 13.0 6.4 ~ 2.4 140.3 - 146.3
Civil 0.3 2.5 3.0 0.4 2.0 2.4 4.6 25, 29.% 8.9 47,1 56.0
Erection 0.6 3.0 3.6 0.8 4.1 4.9 1.9 10.7 1.6 .6 33 £5.9
Engineering 4.9 - 4.9 1.6 - 1.6 5.1 - &1 45.0 - 43.0
Transportation & Inturance 1.9 6.5 2.4 .7 0.5 2.2 8.1 2,1 10.2 24,8 6.5 3.3
Supervising 1.3 0.2 1.5 L.4 0.2 1.6 2.8 0.2 3.0 16.3 2.1 18.4
Plant Coat (as erected) 2.2 6.2 28.4 8.9 6.8 3.7 43.9  3B.1 B4 242.9 94.0 1369
Land Cost - 13.1 11.1
Pre~Operation Expenas 5.7 16,3 220

Hoke: Including spare patte and catalyst Eor 2 yesars
tncluding inland transportation cost
F.C.: Fareign Cucteacy Poctian
L.G.: Local Curcency Portion

Table A-2-2 CAPITAL COST ESTIMATE YOR PETROCHEMICAL COMPLEX (TELOK KALONG)
(Ethylene: 142,000 T/Y)

(USD Millios in Constant 1934 Price)

Bthylese LLOPE HDPE " vCH Propylens

F.C. L.C. 7TO0TAL  F.C. L.C. ToTAL F.C. L., TOTAL ¥F.Cc. L.C. TOTAL F.C, L.GC, TOTAL

FOB Equipment 3.3 - -8 156.2 - 16.2 L5 - 1.5 B.S - 8.5 137 - 13.7
civil i.3 1-4 8.7 0.6 3.1 3.7 0.5 2.6 1.1 0.5 .6 2.1 0.5 2.6 3.1
Erection 1.5 8.9 10.5 0.7 1.8 5._5 0.6 3] 3.7 0.8 1.5 2.3 0.6 1.2 1.8
Engineering 13.8 -, 13.8 £.0 - 6.0 5.0 - - 5.0 4.5 - 5.5 5.1 - 5.1
Traasporiation & Insurance 3.k 1.4 £.9 1.4 9.6 1.0 2.9 0.5 2.5 i3 4.3 1.6 2.0 a.5 2.3
Suparvising 1.8 0.5 L) 1.7 0.2 §.9 1.4 0.2 1.6 2.5 .3 2.3 1.4 0.2 1.6
Plant Cost (as erected) 63.7 18,3 2.0 27.% 7.7 35.3 3.0 6.4 131 18.1 3.7 2.8 13.% 6.5 29.8
Land Cont
23 Urilities oft-Site TOTAL
y.o, L&, TOTAL .F.C. 1.C. TOTAL F.C. L.C. mAL F.G. L.C. TOTAL
FOB Eguipment 1.2 .3 130 13,0 - 13,0 . 24.4 -- %4 0. 140.1
Civil - 5.1 3.6 0.4 2.0 2.4 £.6 25.) 29.%9 3.9 i 56.0
Erection 0.5 2.5 3.6 . 0.8 4.1 4.9 L9 .7 1E6 7.6 138 45.9
Engineering 0.2 1.6 4.9 1.6 - 1.6 5.1 = 4.1  45.0 - 45.0
Transporiation b Indurance 2.4 1.7 0.5 2.2 [ 1.0 . (0.2 24.8 6.3 3.1
Supervising 1.4 0.2 1.5 2.8 0.2 Lo 16 .1 18,4
Plant Cost (as Erected) 1.4 0.2 1.6 18.9 6.8 25.7  435.9 38.2 B4.1 242,27 93.8 136.5%
. Land Cost . - 11.1 13.1
Pre-Operacion Expense 5.7 16.3 22.0

Hore: Tncluding spare perta and catalysi for 2 years
including inlend transpostation coat
F.C.: Foreign Curtency Portion
L.C.: Local Currency Portien
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Appendix 3 SENSITIVITY ANALYSIS FOR PET:ROCHEMICAL
FACTORS (CASE 1 - CASE 6)
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Appendix 4  ORGANIZATION CHART
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Figure A-4-3 ORGAWIZATION CHUART FOR LLDPE PLANT
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Figute A~4-5 ORGANIZATION CHART FOR VCH PLANT
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Figure A-4=7 ORGANIZATION CHART FOR THE UTILITY PLANT
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Apperidix 5-1 RESULT ON FINANCIAL ANALYSIS
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