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PART I

SUMMARY OF FINDINGS
AND RECOMMENDATIONS

INTRODUCTION

.The provision ¢f an adequate sewerage and drainage systems for
Butterworth/Bukit Mertajam Metropolitan Area for the year 2000 poses
problems both technical and managerial. The task is of such magni-
tude as to require a formal long-range projected programme consist-
ing of four staged undertakings sequenced over a period of 20 years.
This report submitted herewith contains the results of a comprehen-
sive study of the problems and its practical solution in the form
of a master plan for the proposed ultimate system. ‘This comprises
the overall scope of work within which individual stages may be
scheduled and implemented with due effectiveness for the measured
progress in orderly and reascnable manner towards an ultimate goal
of the Project.

This report includes and incorporates the results of field
investigations, surveys, population forecasts, and ipterrelated
technical ‘and management studies, which broadly establish the basis
of a multi-staged programme  for the future development of the sewer-
age and drainage systems within the Project Area. The total pro-
gramme is envisaged to give sufficient impact for 1mprovement of
environmental sanitation of the Area by providing adequate facilities
for wastewater control programme inclusive of prevention of water
pollution, which will undoubtedly contribute to enhance rapid devel-
opment of the Area for commercial, industrial and residential pur-
poses.

FINDINGS

‘Present Conditions of the Project Area

{a) - In the Penang Master Plan prepared for .the Penang Master Plan
Committee in 1970, it was proposed to establlsh a metropolitan area
in Province Wellesley, which includes the two towns of Butterworth
and Bukit Mertajam. According to the Plan, such metropclitan area .
would be well established by the year 1985, On the basis of this,
the Progect Area of the present report for Sewerage and Drainage
Master Plan is.defined basically as the Butterworth/Bukit Mertajam
Metropolitan Area with total area of 11,600 ha (28,663 acres), ex-—
cluding the airbase. (Ref. Part II, "Background")} For the sewer-
age master planning purposes, a total area of 10,854 ha (26, 820



acres) is considered, excluding non-habitable areas such as, ceme-
teries, rivers, etc. (Ref. Part III, "Sewerage Master Plan")

For drainage master planning purpose, outside of the Project Area
of 4,290 ha (10,600 acres) are taken into account, mainly due to
topographical conditions, thus the total area considered for
drainage system planning is 15,890 ha {39,260 acres). (Ref. Part
IV '"Drainage Master Plan")

(b) On the basis of 1970 National Census ahd'by summation of our-
selves for the Project Area, the population of the Project Area in
1970 is estlmated to be 172,230. The population in 1976 is then

estimated to be 238,000, assuming an average 5.5 percent annual increase

as in case of the Penang Mastexr Plan. (Ref., Part II, "Background")

(c) Province Wellesley, in which the Project Area is situated, is
essentially a flat allavial plain, lying below RL+15m. (+50 feet),
being interrupted by patches of hilly land at its south-eastern
border. The highest point of these hills is in the Bukit Mertajam,
which is RI#+536m (1,787 feet} and is located south-east end of the
Project Area. These hills are formed in Mesozoic, Post Triassic
Period and their formation is granite.

The Project Area is dominated by the Prai and Juru rivers, but
is typified by natural river profiles meandering amongst tidal and
fresh water swamps. With controlled drainage and irrigation, the
Area is agrlculturally productive and well suifted to .a variety of
crops including rice, coconuts, plneapples, rubber and oil palms.
(Ref. Part II, "Background™) :

{d}] Temperature is relatively constant‘throughout_the year and the
average monthly temperature varies by about 2°C (4°F). However,
the daily temperatures show a greater variation of 5°C to 8°C (1l0°F
to 15°C), with a mean day time maximum of 29°C (85°F) and a mean
minimum of 22°C (71°F} at night. (Ref. Part II, “Background")

(e) 'Hgavy rain was recorded during the months of September, Ccto-
ber and November. ‘According to the rainfall records obtained in
five years from 1965 through 1970, the total precipitation during
these months was B10 mm {31.9"), accounting for 37 percent of the
average annual ralnfall of 2,172 mm (85.5"). (Ref., Part I1I, "Back-
ground“)

(f) 'The economy of whole Malaysia, inclusive of Project Area, has
recently been remarkably improved by the vigorous government effort
for the exploitation of affluent natural resources. In line with
the economic development the industrialization has been emerged

as important economlc ‘sector to accommodate the increasing labour
force.



The Third Malaysia Plan (1976 ~ 1980), has been launched and
development expenditure of the goverrment is expected to increase
for the consecutive vears, reflecting the government's emphasis on
the improvement of infrastructural facilities,

(g) Penang is presently at a stage of its economic development as
it is currently undergoing a process of economic restructuring,
necessitating by its desire for economic growth and advancement.
This economic restructuring has successfully been implemented by

the strong support of both the State and the Federal Governments.

In the Project Area, it is evident that industrial developments

are significant and guite a number of factories are in operation
in Mak Mandin and Prai industrial areas. With the implementation

of these industrial development programmes, the State will attract
more and more investors which will enable the State to significantly
increase in the Gross Regional Product and at the same time increase
in population.

{h) The resuits of the surveys indicate that the effect of pollu-
tion by domestic, industrial and other sources has been evident in
waterways of the area surrounded by commercial and residential

zones and also in offshore marine waters facing the industrial zones,
suggesting the need for implementation of the compreéhensive sewerage
programme with due consideration on industrial waste control at the
earliest possible date. (Ref. Part II, "Background”)

(i) Existing individual excreta disposal systems in the Project

- Area are mostly bucket system and/or septic tank with flush toilet.

" About 30 percent of the population in urbanized areas of the Project
Area use flush toilet with septic tank, and from 60 to 70 percent

of population use bucket system, while Kampongs (Villages) genexrally
use pit privies and others, :

Sludge from septic tank is transported by vacuum lorries (des-
ludgers) to trenching ground for burial. V-trenches of 1 m (3 £t)
depth are dug and filled with sludge, and when full, they are
covered with earth and levelled. Human excreta collected in bucket
is dumped at the restricted site. (Ref. Part II, "Background')

(j) One general hospital, eight hospitals, 11 maternity hospitals,
and 13 main health centers, excluding private clinics, are in Penang
State. Generally, they are distributed adequately.

According to the record obtained from the Govermment District
Hospitals/Clinics, the largest number of patients of water-borne
diseases is of infectious hepatitis, followed by of dysentery and
typhoid fever. ({(Ref. Part II, "Background"}



(k) Water supply conditions in Province Wellesley are generally
satisfactory in terms of quantity and quality. The entire Province
Wellesley is already covered by main pipe lines, ard therefore, all
of the population in the Province may soon be covered in the fore-
seeable future. (Ref. Part II, "Background")

(1} About 80 percent of the Project Area is served the tributary of
the Prai and Juru rivers and the remalnlng parts discharge to the

sea via existing numerocus natural and piecemeal improved water courses.
Generally, the existing drains are with meandering alignment with
varied widths and depths, which require need for improvements. The
predominant topographical features of the area are low=-lying ahd

flat influencing most of the existing drains by the tide, which are

commonly provided with tidal gates to prevent the flooding or damage

to agricultural products due to the sea water. Average elevation
in the Project Area is about RL+2.0 meters (+6.5 ft) while major
areas lie below the RL+1.0 meter (3.0 ft}). The. recorded mean high
tide of the sea level was RI+1.l meters (+3.6 ft) and the maximum
was RIA1.68 meters (+5.5 ft). (Ref. Part II, “Background“)

(m) Due to the rapid development, numerous swamps now functioning
as reservoirs for controlling considerable flooding of the Area are
demolishing. As a result, significant increase of the peak dis-
charge of stormwater runoff is expected in the future. It is also
observed during field surveys that even the existing drains have
been or are to be overloaded by on-going development programme, es-
pecially in two urban areas, Butterworth and Bukit Mertajam. (Ref.
Part II, "Background")

Conclusions and Result of Studies

In pursuance of the ultimate objectlve of 1mprov1ng environ-
mental sanitary conditions throughout the Project Area, investiga-
tions have been made into the adequacy of the existing waste dis-

‘posal and drainage facilities, and methods whereby deficiencies can

be eliminated.

On the basis of the results of the investigations, basic design
basis for the system have been developed in relation to project im-
plementation, population estimates, wastewater productions, storm-
water runoffs, characteristics of wastewaters, and design standards
for the facilities. These basic aspects are summarized in the
following: '

{(a}  An anticipated population of the Project Area in 1985, hased
on the projection of Penang Master Plan, is 385,000, which will
further increase, with reduced rate of 3.5 percent to 545,000 in



1995 in accordance. with the Assignment Report of WHO, Taking the
above data into account, the population in the year 2000 is pro-
jected to be 648,000. {Ref. Part IIT, “Sewerage Master Plan")

{b) Average per capita sewage flow rates, both at present and in
the future, have been estimated at 170 1/day/cap (37 1G/day/cap)
and 230 l/day/cap (50 1G/day/cap) respectively on the basis of the
results of field surveys and studies. (Ref. Part III, "Sewerage
Master Plan"}

(c) ©On the basis of the field surveys, both the average BOD and
5S of the domestic sewage in the year 2000 are estimated to be

the range of about 200 mg/l. In view of the present conditions,
the average strength of combined industrial waste water discharged
to the public sewers in the year 2000 is estimated at around 150
mg/1 both for BOD and $S.

(d) . For the purpose of sewerage planning, after considering

several alternétiVes, whole Project Area is divided into four sewer-
age dlstrlcts, namely, Butterworth, Seberang Jaya, Prai, and Buklt
Mertajam. They are further divided into 20 sewerage zones, consider-
ing geographical, topographical, demographical and other conditions,
so that the works for overall system and design individual facilities
can be made. (Ref Figure 1I1I-5 and Part IIIX, "Sewerage Master Plan"}

{e) - In liné with the proposal in the Assignment Report of WHO and
accountlng existing watershed and .general features of land use, the
Project. Area is divided into six drainage basins for the convenience
of drainage system plamning. The drainage basins are further di-
vided into 45 sub-basins on the basis of topographical conditions
shown in Figure IV-2. (Ref. Part IV, "brainage Master Plan")

RECOMMENDATIONS
Proposed Plans
Sewerage

(a) The sewerage sYstem should be principally a separate system,
but as interim measure, comblnatlon of sanitary sewers, storm sewers
and partially combined sewers be adopted in the areas where local
drains are already provided, until such time when financing of the
complete separate system is p0551b1e. (Ref. Part III, "Sewerage

‘Master Plan")



(b) The physical facilities recommended for sewerage system to be
developed includes, (i) system of ganitary main, brarich and lateral
sewers, (ii) pumping stations, and (iii)} sewage treatment facilities
in the form of stabilization pond process. However, if the required
land area for stabilization pond process becomes not available in
some of built-up areas in the future, the process will be easily
modified to other processes such as aerated lagoon or oxidation
ditch. (Ref, Part III, “"Sewerage Master Plan")

{c) Industrial wastewater is also taken into account for sewerage
planning. Factories in the Project Area may be classified into two
Forms, i.e. the one is those scattered within the Area and the other
for those concentrated in group in the form of industrial estates.
Major polluters of the factories are of food, palm oil, rubber and
textile industries generally discharging high BOD and SS which can
be, in principle, treated by biological treatment methods. The joint
treatment with domestic wastes using stabilization pond is recommend-
ed for current industrial wastes from the view point of economy and
stability of effluent, although necessary counter measures will be %§
taken in accordance with the future changes in characteristics of
the industrial wastes. (Ref. Part III, "Sewerage Master Plan™)

{d) Because of the resistance to corrosion from acids, alkalies,
and virtually all corrosive substances, as well as resistance to
erosion ‘and scour, vitrified clay pipes are recommended for smaller
sizes up to 300 mm (12 in.) in diameter. Sewers more than 300 mm
{12 in.) in diameter should generally be of centrlfugallywcast ra-
1nforced concrete pipes either coated or lined by suitable materials.
(Ref. Part III, "Sewerage Master Plan")

Drainage

{(a) The dréinage system is proposed to comprise open'channels,1and
reservoirs together with land filling. Stormwater will be collected
through roadside drains, then flows to main drains discharging
either directly into the Prai river, Juru river or to the sea.

These drains are to be improved under this project but using to the
fullest extent the existing natural water courses throughout the
Area.

L

(b) In built-up area of Butterworth and Bukit Mertajam, open chan-
nels with enough capacity of conveYing stormwater runoff from the
Initial Storm (caused by the rainfall intensity of 2 or 5—year_
return period) 'are proposed (Ref Figures Iv-2 and 3). In Butter-
worth area, construction of two reservoirs is also proposed as the
preferable alternative system. For undeveloped areas, the storage
system to prevent major damage from major storm (100 year: return
period) is proposed to reduce the peak flow rates of the stormwater
runoff,



3,2

Proposed'Staging of Construction
Sewerage

(a) Careful consideration has been given to establish the priority
for implementation of construction programme by using rating pro-~
cedure for evaluation of each of 20 zones with the following assess-

ment elements: (Ref. Part ITI, "Sewerage Master Plan"} .
i, Population density
ii. Waste load

iii. Availability of excreta disposal system

iv. Flooding
V. Availability of water supply
vi. Incidence of water-borne diseases

The results of the rating indicate that four sewerage =zones,
namely zones 1, 3 and 4 of Butterworth, and zone 3 of Bukit Mertajam
sewerage districts, are ambng those to be given higher priority for
the immediate implementation of construction. (Ref. Part III,
"Ssewerage Master Plan")

(b) It is considered appropriate, on the basis of consideration on
priorities referred above, to divide the total programme into four
construction stages, namely, 198171985 (lst stage), 198671990 (2nd
stage), 199171995 (3rd stage), and 19962000 (4th stage). For the
lst stage, zones, 1, 3 and 4 of Butterworth and zone 3 of Bukit
Mertajam are recommended. (Ref. Part III, "Sewerage Master Plan")
According to government's request, however, the zones which are to
be covered by new housing and- industriail development programme will
be giveh higher priority for implementation of sewerage programme.

(¢} The First Stage programme compfises main sewers ranging from
225 mm (9 in.) to 1,050 mm (41 in.) dia. with the total length of
about 196 km {123 miles} to transport collected sewage to the treat-
ment plant with four stabilization ponds which will discharge effliu-
ent into either the Prai or Juru rivers directly through nearby
waterways. One treatment plant is proposed for each of the four
zones, each having the different capacity in accordance with the
estimated volume of wastewater. (Ref. Figure III-5) .



Drainage

(a) In accordance with the urgency of the requirement, proposed
drainage programme is divided into four consecutive construction
stages to be implemented over 20 years. The First Stage progranmme
is proposed in two urbanized areas, Butterworth and Bukit Mertajam.

(b) The First Stage programme includes the improvement and reha-
bilitation of the existing major drains to utilize them as the main
drains in the proposed new drainage system. The. sizes of these
drains range between 2 ,000 x 1,300 mm (7 x 4 ft) and 25, 000 x 3,000
mm (82 x 10 ft) with the total length of approximately 25 km (15.5
niles). (Ref. Part IV, "Drainage Master Plan")

The construction of two reservoirs earth with the capacity of
10,000 cu m and 17,000 cu m and a provision of the network of

smaller drains in central portion of Butterworth area are also in-
cluded in this stage.

Cost of Recommended Programme

The recommended plan for 1mplement1ng sewerage and dralnage

‘systems calls for construction, operation and. maintenance in the

four stages. Tables I-1 through I-5 show the construction costs
for each completlon perlod including both local currency and
foreign currency. Operation and maintenance costs by stage are
summarized in Table I-6. All the constructlon costs include con-
tingency of 20 percent and engineering fee of 10 percent. . All
costs are estimated on the basis of 1976 price levels and no esca——=
lation is considered. :

Benefits of the Proposed Programme

Significant benefits to public health and ecbnomy can be
derived from the proposed programme, including both direct and
indirect. All anticipated benefits have been evaluated on the
basis of either quantifiable or non—quantlflable benefits, How-
ever, since these benefits are not fully quantifiable, non-quanti-
fiable con51derat10ns have become 1mportant in the overall economic
justification of-the programme.

‘ Evaluation of the ma]or benefits includes avoidance of pro-
ductivity losses due to water-borne diseases and avoidance of the
much higher cost of controlling water pollution by other means,
but, it is not possible to quantify all the benefits expected in
monetary terms, and benefit to cost ratio has not been estimated.



Although no b/c analysis was made, health and sanitation benefits,
water pollution control benefit, benefit derived from increasing
land value, and other benefits are expected. If no sewerage and
drainage systems were provided in the Area, sanitary conditions,
which are already deplorable in many areas in the City, will become
progressively worse.
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Table I-2

TABLE 1~2 Total Construction Cost of First Stage'at 1976 Price Level

(M1, 000)
Goverrmment Private . Total
Contribution {*1} Contribution (*2} ©
ITtems R Remarks
Local l'oreign local Forecign Local Foreign
Currency Currency Currency Currency Currency Currency
Scwerage System
Main Sewers 25,980 6,500 - - 25,980 6,500
Brahch & Lateral - - 47,530 11,880 47,530 11,880
Sewers
House Connections - - 13,560 3,390 13,560 3,390
Pumping Stations - - - - - -
Treatment Plants 7.890 1,970 - - 7,890 1,970
Land Aquisition 5,590 - - - 5,590 -
() Sub-Total .39,460 5,470 61,090 15,270 100,55C - 23,74¢
{B} Contingency 7.8%0 1,690 12,220 3,050 20,110 - 4,740 {n) x 0.20
{C} Engineering
Fee
besign 1,720 1,150 4,580 - 6,300 1,150  (A+B) x 0.05
Supervision 1,720 © 1,150 4,580 - 6,300 1,150 {A+B} x 0.05
Total 50,790 12,460 82,470 18,320 133,260 30,78C
Drainage System
Mdin Prains 37,550 9,330 ~ - 37,550 9,320
Networks of - - 31,870 7,970 31,870 7,970
Smaller Drains
Rescrvoirs:for 280 70 - ) - 280 70
Initial Stoxm ’
Reservoirs for - - ) L= - - -
Major Storm
Land Agnisition 4,490 - - - 4,490 -
{7)  sub-Total 42,320 9,480 31,870 7,970 74,190  17,43C
{8) Contingency - 8,460 1,890 6,370 1,590 14,830 3,480 {A) x 0.20
{C) Engineering
Fee
Design 3,100 - 2,390 - ‘5,490 - {(AtB} x 0.05
Supervision 3,100 - 2,390 - - 5,490 - (A+B) x 0.05
Total 56,980 11,350 43,020 2,560 100,000 20,916

107,770 23,810 125,490 27,880 233,260 51,690

Grand-Total 131,580 153,370 284,950

Note: (*1)  cConstruction costs Eor main sewers, main dra;ns, pumpi ndg statlons, treatment plants
and reservoirs, -and land aguisition costs

(*2) Construction costs for branch & lateral sewers, networks of smaller drains and house
connections

Estimated foreign currencies are as follows:

a. Twenty percent of all construction costs

b. For sewerage construction, 40 percent 6f'engineerinq fee for construction of wain sewers,
putping stations, and treatment plants, but no forexgn currency of engineering fee for
branch & laterals and: ‘house - connections -

¢. For drainage construction, no foreign currency of engineering fee

I-11



Table 1-3

TABLE I-3 'Total Construction Cost of Second Stage at 1976 Price Level

(M$1,000)
Government Private . Total
Contribution {*1) Contrlbut]on(*?)
Items - Remarks
Local Foreign Local Foreign Local Foreign
Carrency Currency Currency Currency Currency <Currency
Scwerage System
Main Sewcrs 27,610 6,900 - - 27,610 6,900
Branch & Lateral - - 20,540 5,130 20,540 5,130
Sewers
House Conanec- - - 10,630 2,660 10,630 2,660
tions )
Pumping Stations 3, 800 950 - - 3,800 950
Treatment Plants 17,180 4,220 - - 17,180 4,290
Land Aguisition 27,800 - - - 27,800 -
{A) Sub-Total 76,390 12,140 31,370 T, 790 107,560 19,930
(B) Contingency 15,270 2,430 6,230 . 1,56C 21,500 3,990 {p) x G.20
(C) Enginzering
Fee
Design L 3,190 2,120 2,330 - 5,520 2,120 (A+B) x 0.05
Supervision 3,190 2,120 2,330 - 5,520 2,120 [(atB)} x 0.05
Total 98,040 18,810 42,960 9,350 140,100 28,160
Drainage System
Main Drains 4,040 3,010 - - 4,040 1,010
Networks of - - 15,240 3,810 15,240 3,810
Smaller Drains
Reservoirs for - - - - - -
Initial Storm
Reservoirs for 800 00 - - 800 200
Major Storm ’
" Land Aquisition 330 - -~ - . 330 -
(3} Sub-Total 5,170 1,216 15,280 - 3,810 20,410 5,020
(#) Contingency 1,030 240 3,050 760 4,080 1,000 (A) % 0.20
{C} Engineering
Design 380 - 1,140 - 1,520 - (A+B) x 06.05
supervision 380 - 1,140 - 1,520 e (A+B) x 0.05
Total 6,960 1,450 20,570 - 4,570 27,530 ) 6,020

105,000 20,260 62,630 13,920 167,630 34,180

Grand-Total 125,260 76,550 ) '201,810

Note: {*1} Construction costs For main sewers, main dra1n5, pumping stations, treatment plants
and reservoirs, and land aguisition costs

{*2) Construction costs for brarch & lateral sewers, networks of smaller drains and house
connections

Estimated foreign currencies are as follows:

a. Twenty percenl of all construction costs

h. For sewerage construction, 40 percent of engineering fee for construction of main sewers,
pumping stations, and treatment plants, but no forelgn currency of engineering fee for
branch & laterals and house connectlons

c. For drainage construction, no foreign currency of engineering fee



Table

TABLE I-4 Total Construction Cost of Third Stage at 1976 Price Level
{M51,000)
Government Private Total
Contributian (*1) contribution {(*2} -
Ttoms I - Remarks
Local Foreign Loecal Foreign Local Foreign
Currency Currency Currency Cuarrency Currency Currency
Sewerage System
Main Secwers 37,600 9,400 - - 37,600 9,400
Branch & Lateral - - 71,660 17,920 71,660 17,920
Sewers
House Connec— - - 11,440 2,860 11,440 2,860
tions
Pumping Stations 180 50 - - 180 50
Treatmont Plants 6,880 1,720 - - 6,880 1,720
Land Aquisition 3,810 - - - 8,810 -
(A} Sub-Total 53,476 11,176 83,100 20,780 136,570 31,950
{B) Contingency 10,690 2,230 16,620 . 4,150 27,310 6,380 {A) X 0.20
{C} Engineering
Fee
Besign 2,320 1,550 6,230 - 8,550 1,550 (A+B) = 0.05
Supervision 2,320 1,550 6,230 - 8,550 1,550 (A+B) x 0.05
Total 68,800 16,500 112,180 24,930 180,980 41,430
Drainage System
Hain Drains 13,660 3,420 - - 13,660 3,420
Networks of - - 27,380 &,850 27,380 6,850
Smaller Drains :
Rescrvoirs for - = - - - -
Initial Storm
Reservoirs for 9,200 2,300 - - 9,200 . 2,300
Major Storm
Land Aquisition 630 - - - 6i0_ -
{a) Sub-Total 23,490 5,720 27,380 6,850 50,870 12,570
{8} Contingency 4,700 1,140 5,470 1,370 10,170 2,510 () x 0.20
(C} Enginearing
Feo .
Design 1,750 - 2,050 - 3,800 {A+B) x 0.05
Supervision 1,750 - 2,050 - 3,800 - _{A+B)} 'z 0.05
Total 31,690 6,860 36,950 8,220 68,640 15,080
N 100,490 23,360 149,130 '33,150 249,620 56,510
Grand-Total 123,850 182,280 306,130

Note: (*1)

and reservoirs, and land aquisition costs

Constriiction costs for main sewers, main drains, pumping stations, treatment plants

(%2) Constructlon costs for branch & lateral sewers, networks of smaller drains and house
connections

Estimated foreign currencies are as follows:

a. Twenty percent of all constructlon costs

b." For sewerage: constructlnn, 40 percent of englneerlng fe* for construction of main sewers,
pumping stations, and treatment plants, put no forelqn currency of engineering fee for
branch & laterals and house connections .

¢. For drainage construction, no foreign currency of engineering fee



Table I~5

TABLE I~5 ‘'otal Construction Cost of Fourth Stage at 1976 Price lLevel

(M51,000)
Government Frivato . Total
Contribution [*1) Contribution {*2) .
Items — . Roemarks
iocal Foreign local Foreign Local Foreign
Currency Currency Currency Currency Currency Currency
Scwerage System
Main Sewers 41,520 10,380 - - 41,520 10,380
Branch & Lateral - - 85,230 21,310 85,230 21,310
Sewers
House Connec-— - - 13,850 3,460 13,850 3,460
tions
Pumping Stations 160 40 - - 160 40
Treatment Plants 8,020 2,000 - - 8,020 2,000
Land Aquisition 3,200 - - - 3,200
(A) Suh—Tétal 52,900 12,420 99, 08B0 24,770 151,980 37,190
(BR) Contingency 10,580 2,480 19,820 4,950 30,400 7,430 {a) = 0.20
(C) Engineering
Fee
Design 2,350 1,560 7,430 - © 9,780 1,560 {A+tB) x 0.05
Supcrvision 2,350 1,560 7,420 - 9,780 1,560 {A+B) x 0.05
Total 68,180 18,020 133,760 29,720 201,940 47,740
Drainage System
Main Drains 31,380 7,840 - - 31, 380 1.840
Networks of - - 50,320 12,580 50,320 12,580
Smaller Drains
Reservoirs for - - - - - -
Initial Storm
Reservoirs for 36,480 9,120 - - 36,480 9,120
Major Storm ¢
Land ‘Aquisition - - - - - -
(A) Sub-Total 67,860 16,960 ‘50,320 12,580 118,180 29,540
(B) Centingency 13,570 3,390 10, 660 2,520 23,630 5,210 {K) % 0.20
(C} Engineering
Fea
_Desiqn 5,080 - 3,770 - 8,850 - (A+B) x 0.05
Supervision 5,080 - 3,770 - 8,850 - (A+B) x 0.05
Total 21,590 20,350 67,920 15,100 152,510 35,450
159,770 38,370 201,680 44,820 361,450 83,190
Grand-Total 198,140 246,500 444,540

Note: (*1)

Construction costs for main sewers, main draims, pumping statjons, treatment plants

and reservoirs, and land aquisition costs

{*2) Conétruction costs for branch & lateral éewers,'networks of smaller drains and house

connections

Estimated foreign currencies are as follows:

a. Twenty percent of all construction costs

b. For sewerage construction, 40 percent of

branch & laterals and house connections

¢c. TFor drainage construction, no foreign currency of engineering fee
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engineering fee for constriction of main sewers,
pumping stations, and treatment plants, but no foreign currency of engineering fee for
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3.5

Managérial Arrangements

{a) The managerial arrangement with due. considerations on organiza-
tional framework, legal support and financial planning are made in
order to introduce a new institution to be responsible for the

"sewerage and drainage activities in the Project Area.

(b) After reviewing ex1st1ng organlzatlons, consideration on some

alternatives are attempted and a new organization is suggested with
due consideration on comblnatlon of the existing agencies with the

standard generally accepted for the sewerage and drainage works.

{c) The Municipal Council, Province Wellesley {(MPSP), which is
presently administering the Project Area will be reguired to be
regponsible for the proposed sewerage project. - The drainage system
project is recommended to be undertaken by tripartite agencies as
Drainage and Irrigation Department (DID) and Public Works Depart-
ment (PWD) of the State Government and MPSP with appropriate share
of responsibility.

The Engineering Department'in the_Council is suggested to

" expand its functions adding new functicnal units as appropriate.
‘The existing functional units are proposed to be involved in the
" new organizational arrangement to the maximum extent possible.

{d) As to the exlstlng regulatlons and by -laws pertlnent to pro—
posed Prciject, “The Municipal Ordinance enacted.as Chapter 133 of
old Strait Settlement in 1913, "Focal Government Act, 1976", "Town

'and Country Planning Act, 1976“'and "The Street, Drainage and

Building Act, 19274" are rev1ewed. The provisions of above
Ordinance ‘and Acts pertinent to the work proposed are studied and
major items of them are presented. "The Street, Dralnage and
Building Act, 1974" .is considered most appropriate to be applied

for the relative sewerage and drainage works although this has not
yvet gazetted. The certain adjustment and addition of the provisions
are also recommended partlcularly on the industrial effluent control.

(e) Preliminary flnan01ng plan up to the year 2000 with the objec—
‘tive of estlmatlng the minimum reguirements for the 1mplementat10n
of the planned Project was worked out, and the components of the
recommended financial plan are presented with basic guldellne. The
details will be prov1ded in fea51b111ty report to be prepared con-
secutively.

Implications for Further Actions and Studies

Because of the limited time available +o prepare the study pro-

_.gramme and recommended plan for positive control of water qualltles

in waterways of the Project Area, several spec1al actions and in-
vestigations are necessary and urgent to’ provide a sound basis for
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detalled plannlng ‘and’ system design. “Specifically, urgent sltudies
and actions that should be undertaken for the continued protection
and 1mpr0vement of the environment of the Project Area are as-
follows:

(a} Within the Project Area, especially in the urbaniéed areas,
water in the drains and rivers have already become polluted by
domestic and industrial wastes. if no steps are taken to alleviate
‘waste loads discharged to drains and rivers, these areas are expected
to be further polluted and degraded in the immediate future. It is
therefore recommended that the preliminary enéineéring and feasi-
bility studies for the selected First Stage programme areas be com-
menced as soon as possible. It represents a solution to immediate
problems as well as a logical basis for the best long-term solution.

(b) 1In the interim peried, prior to the formation of the new organ-
ization for the sewerage and drainage programme, continuing advance
plannlng will be required, and actions will be needed to begin the
additional studies recommended and also to transfer technology to
the staff of the organlzatlon To perform these functions for con-
tinuity of the study activities of the Master. Plan programme and

to follow up the legislative requirements for additional informa-
tion ‘or clarification of materials’ presented in this report; it is
recommended that Municipal Council Province Wellesley (MPSP) should
take initiative on this matter in. coordlnatlon with agencies con-
cerned in Penang State Govermment and the Ministries of Local Govern—
ment and Federal Territory and of Health in the Federal Government.

{c) The object of study”for the Juru river is limited to the re-
serve requirements estlmatlon based on standard prepared hy the
Government of Malaysia in accordance with-the scope of works for
the. programme, However the Government is concerned about the
organlc pollution of the River and realizes the necessity of the
preparatlon of the study programmes and recommended plan for posi-
‘tive control of water qualities and hydraulic and hydrological ana-
lyses of the Juru river. Special actions and investigations under
a separate project are necessary and urgent to establish water '
qualify criteria and flood control programme for the river, coupled
with approprlate survelllance programue for wastewaters and hydro-
logic data.

(d) Long-range industrial wastes control programme should be estab-
lished at the eariest possible date for'Prai_Industrial Estate, to
prevent the further water pollution in the nearby waterways of the
estate, including monitoring of wastewaters produced in the factories
and also establishing effluent standards for wastewater discharges.

(e) Prior to the preliminary'engineering and feasibility studies



for the First Stage programme, the follow1ng studles should be
carried out:

i. Topographic surveys, including leveling, measuring
cross sectional areas of the existing drains, and
boring of the soils at the expected construction
sites of major facilities

ii. Study on waste loads estimation

iii. Water guality survey in the waterways

iv. Institutional and financial studies
(£) It is recomménded that regulations and laws to control the
waste discharged from the real estate development areas to the
public sewer system be established immediately, including guide-

line or criteria for wastewater gualities and methods for treat-
ment. '

(g) Necessarv actlons should be taken to acquire in advance the

land spaces requiréed for the sewerage facilities proposed in. the

Master Plan,'so that the difficulties can be avoided in obtaining
enough areas for the system in the future, since the Project Area
is rapidly developing &nd vacant lots being occupied for housing

_ and industrial development programmes.
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CHAPTER 1

PURPOSE AND SCOPE OF STUDY

Background of the Study

The Penang Master Plan, 1970, proposed to estdblish a metro-
politan area on the mainland, which included areas covered by two
towns, Butterworth (BW) and ‘Bukit Mertajam (BM). On the basis of
the proposal the Government of Malaysia requested the Japanese
Government to assist in developing a programme to establish com-
prehensive sewerage and drainage planning for the Butterworth/Bukit
Mertajam Metropolitan Area.

Purpose and Scope of the Study

The main purpose of the study is to develop a master plan of
sanitary sewerage and drainage s;stems for Buttexworth/Bukit
Mertajam Metropolitan Area:

(a) To develop comprehensive lbhg4range plans for the solution of
existing sewerage and drainage problems in Butterworth/Bukit
Mertajam Metropolitan Area.

(b} To achieve-improvement in institutional arrangement in coordi-
nation of efforts in the technical arcas.

_ ‘To carry-out”the'Project, Japan International Cooperation
Agency (JICA) has identified the following specific study objec-
tives, with major con51derat10n to be glven to the perlod from 1977
to 2000: :

(a) Establlsh a master plan: for the development of economlcally'
viable sewerage and drainage system in which the elements of
work necessary are forecast and generally deflned in succes-
sive stages to meet’ the present and future needsrof the i
Project Area up to the year 2000, compatible with sound pro-
jections ‘of populatlon 1ncrease, housing development water
consumptlon and water system expan51on, 1ncome growth, and
other natlonal and local sccio- economlc factors affectlng the
future of Prov1nce Wellesley

{b) . Undertake studies and formulate fecommendatlons regardlng the
proper organlzatlon anh. agency of department to carry out the
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planning, construction, operation, maintenance, management
and administration of a sewerage and drainage system for the
Project Area, together with proper legislative provision to
provide sound legal basis for all the activities proposed.

{c) Subnit project reports, including:

1) ProgreSSireport at the end of data collection at the pro-
ject site

2) Dbraft-and final reports on the Master Plan for the Sewerage
and Drainage System Project. :

Definition of Project Area

For the purpose of Sewerage and Drainage Project for the
Butterworth/Bukit Mertajam Metropolitan Area, the Metropolitan
Area of 11,600 ha is considered as the Project Area. Among the
entire Metropolitan Area, the area of air force base is excluded
from the Project Area (Ref. Figure II-4).

Acreages of the Metropolitan Area, air force base, and the
Project Area are as follows:

a Butterworth/Buklt Mertajam Metropolitan Area
Saarr e 12,020 ha (29,700 acres)

o Air Force Base (excluded) .......-.. 420 ha { 1,040 acres)
0 Project AXea .....oeen.. teteessre-.. 11,600 ha (28,660 acres)

For master planning purposes,. non—habitable areas such as
cemeterles, rivers and others of 746 ha (1,840 acres) are excluded:
from the Project Area, but for the ‘drainage master plan, add1t10nal
catchment areas of 1,751 ha (4,327 acres) outside the PIOJECL Area
are’ taken_lnto account for determining the drain capacities due to
the topographical conditions. (Ref. PART IV, “Drainagé Master Plan")

Problem and the Need for Study

In 1976, some 238 000 people llve w1th1n the Butterworth/Buklt'
‘Mertajam Metropolitan Area of approx1mately 11,600 ha. Durlng this
century, the Area has experlenced a hlgh growth rate in population,
due to the rapid increase of commercial -and 1ndustrlal activities,
.far out-stripping the national average. Because of its attrxactive
settings, the area is expected to continue its growth, reaching a
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population of 648,000 by the year 2000 according to our projection.

Rising standards of living and incredse of industries have
caused and will continue to cause an increasing rate of consump-
tion of water with the attendant increased burden of waste dis-
charges to the natural waterways and sea. The current wastewatex
discharge within the Project Area is estimated at approximately
110,000 cu m/day and is expected to increase at a rate exceeding
that of population growth and to reach a level of over 340,000

“cu m/day by the year 2000. At present, most of the wastewaters are
discharged into the rivers and drains flowing into Penang Channel.

There is at present no sanitary sewerage system-in the Project
Area except limited small scale communal systems.  Most of the
domestic sewage and industrial wastes are discharged directly to
drains and other available waterways, or in case of human excreta
from homes, after passing through septic tanks, they find their
ways into the open ditches or are collected through bucket system.
Approximately 30 percent of houses within the urban area and 7
percent of houses within the rural area have septic tank systems
for excreta disposal. The remainder of the houses dispose of their
~ human wastes either by means of pit latrines or buckets.

The_diécharge of most of the municipal wastes without treat-
ment, is causing increased pollution in the existing rivers and
drains while flowing through the two areas, particularly during
the low flows in the. dry seasons, and are eventually polluting the
beaches and offshore marine waters. Such conditions have resulted
in adverse biological effects, odours and nuisances. It is evident
that the plllution will become more apparent by the year 2000 if
no action is taken to alleviate the wastewater burden to the water-
ways.

For the past several years, public interest has become more
sharply focused on the need for clean water bodies to satisfy the
need for rapidly increasing land development with better sanitation
facilities for living condition, to provide the capability for
water oriented recreation, . and to conserve the natural qualities
of the environment. Both the Government of Malaysia and the Penang
State Govermunent have commenced intensive programme to prevent and
improve the deteriorated environmental conditicons in Penang State,
including water pollution control on the waterways, sanitation
improvement, and flood control of major rivers: and drains in
' Metropolitan Area. :

The magnitude of the problem of disposal of wastewater and

the importance of maintaining a deeirable.minimum level of gquality
in the river and marine waters of Penang State,; with due considera-
tion on magnitude of expenditures needed for these purposes,
requires careful long range planning and immediate‘implementation
programme. The present report endeavours to cover the- prellmlnary
programme of long range outlook on the ba51s of - sound con31derat10n
on technlcal and 5001o—econom1c factors. i
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CHAPTER 2
PHYSICAL CHARACTERISTICS OF PROJECT AREA
Location

Peninsular Malaysia forms the southern tip of the South-East
Asia land mass; to the west and south are the islands of Indonesia;

and to the east the island of Kalimantan and East Malaysia. Penin-.

sular Malaysia lies entirely within the tropics extending from
latitude 1° to 7° north and from longitude 100° to 104° east. FEast
coast of the peninsular faces to the Scuth China Sea and west coast
to the Straits of Malacca (See Fiqure II-1).

' Penang State, the second smallest State among the thirteen

. States of Malaysia, is situated on the northwestern coast of

Peninsular Malaysia between latitudes 5°7' to 5°35' north and
longitudes 100%9' to 100°32' east. It is bounded on the north and
east by Kedah State, to the south by Perak State, and to the West
by the Straits of Malacca.

Geographically, Penang State consists of two separate physical
entities, Penang Island, a rectangular island 23 km (14 miles) long
and 16 ki (10 miles) wide, and Province Wellesley, a rectangular
strip 48 km (30 miles) long and 17 km (11 miles) wide situated on
the Peninsular Malaysia.

The Pro;ect ‘Area for the Sewerage and Dralnage Master Plan is
situated in the midst of Province Wellesley West end of the Pro-
ject Area is the nearest point to the Penang Island from the Penin-
sular. From the north end to the south end of the hook-shaped
Project Area is about 20 km {13 miles) long, and from the east end
to the west end is about 15 km (9 miles) wide (See Figure II-2).

Geology

The topography of Penlnsular Malaysia is characterlzed by a
series of mountaln ranges of igneous intrusions through older

sedlmentary rocks running parallel to the coast and flanked on both:

sides by wide alluvial plains which extend from the coast tc the
foothills. The mountains rise to helghte of 2,150 m (7,000 ft) in
the north and 900 m (3,000 ft)} in the south of Peninsular.

Province Wellesley, in which the Project Area is situated, is
essentially a very flat alluvial pldin. Some of the areas are
lying below 15 m (50 ft) contour being interrupted by patches of
hilly land at its southeastern border. The highest point of these
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hills is in the Bukit-Mertajam, which is 536 m (1,787 ft) above

sea level and is located south-east end of the Project Area. These
hills are formed in Mesozoic, Post Triassic Period and their forma-
tion is granite. '

The Project Area is dominated by the Prai and Juru krivers,
but is typified by natural river profiles meandering amongst tidal
and fresh water swamps. With controlled drainage and irrigation,
the Area is agriculturally productive and well suited to a variety
of crops, including rice, coconuts, pineapples, rubber and oil
palms.

Geological'ma§ in the Project Area and its vicinity is shown
in Figure II-3.

Climate and Rainfall Characteristics

Proximity to the equator has given Peninsular Malaysia a
climate of high humidity with uniformly high temperature and rain-
fall. The equatorial climate is modified by the region's insularity
and exposure to monsoonal wind system that originate in the Indian
Ocean and the South China Sea. ©On the whole, the climate is pleas-
ant and equable and the humidity is bearable though sometimes
unpleasant.

Thunderstorms dare frequent, and, altbhough Malaysia is outside
the typhoon and cyclon belts, the south-west monsoon is frequently
accompanied by sudden squalls and violent gusty winds, especially
along the Straits of Malacca where they are known as "Sumatras".

Temperature is relatively constant throughout the year and
the average monthly temperature varies only by about 2°C (4°F).
However, the daily temperatures show a greatér variation of 5°C to
geC (10°F to 15°F), with a mean daytime maximum of 29°C (85°F) and
a mean minimum of 22°C (71°F)} at night.

The climate in Penang State is same as to west coast of Penin-
sular Malaysia indluding Project Area and the records available in
Penang Island are applicable to the Project Area. The records of
rainfall, temperature, relative humidity and dally sunshine are
shown in Tables II-1, II-2, IT-3, and 11-4.

For Penang ‘State, rainfall has been recorded by Drainags and .
Irrigation Department (DID) and Penang Water Authority (PWA).
Recorded data ave available since 1933 in DID; from 1933 to 1969
with recording once a day, and from 1970, continuous recordlng '
with self- reglsterlng gauges. Rainfall data are also avallable in
PWA with automatical gauges since 1954,

It is considered that five year length of record in DID is



too short to expect a reliable result of statistical analysis of
rainfalls. Thus, the data in PWA is used for developing intensity-
duration rainfall curves, and the record most. suitable akong eight
gauges in and around the Project Area are shown in Figure II-5.
Table IT-5 gshows the data obtained at No. 6 gauge, because they

are deemed to be more accurate than others.

Although the data. are obtained at No. 6 station, the dif-
ference between the Tsland and the Project Area, in terms of
topographic and climate conditions, are gquite small and are adopt-
able for the Project Area. This is confirmed and agreed by the
government officials’ concerned.
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s g

both of which are
most dry month is
an average of six years,

Table

The climate in the Area is governed by the monsoons. From

Novembexr to. March, it is dry season with monsoons of north-east,
and wet season is from June to October with south-~west monsoons.
"In September and October in which the south-west wind is predomi-
nant and also in November when the monsoon changes its direction,

there are heavy rains in the Area. The total rainfall depth of

810 mm (31.9") is recorded through these three months, which is
37 percent of the total rainfall of one year of 2,172 mm (85.5"),

averages of five years from 1965 to 1970. The
February with the rainfall of 65.5 mm (2.58") as

: from 1965 to 1970. The monthly rainfall
records from 1965 to 1970 are shown in Table II-6.

TABLE II-5 Rainfall Gauge Stations

- Responsible Records
No. Name Location por . Available
Organization .
Since
1. Ibu Bekalan Sungai Province DID 1970 -
’ Kulim Wellesley
s 2. Komplek Perai " DID 1970 -
3. Station Located in Penang PWA 1954 -
Stream of S5G. Island
© Ayer Terjun
4, Kolam Bersih Pulau " DIDb 1970 -
Pinang
5. Klinik Bukit Bendera " pID 1970 -
6. Station Located in " PWA 1954 -
Ayer Itam Old Intake
Catchment
7. Kolam Takongan Ayer " DID _ 1970 -
Itam '
8. Rumah Kebajikan Pulau " DID. 1970 -

Pinang
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Present River System

The Proje¢t Area has two major rivers, namely Prai and Juru,
with many branches and drains within thelr catchment areas, collect-
ing ‘stormwater runoff and finally discharging it into the sea.

The features of these two rivers are as follows:

{a) Prai river

Prai river is a wide and fast flowing tidal river covering an
area of about 16 sq km (4,000 acres) and discharging into the sea,
Because of the tidal influences, no water is used- for water supply
and irrigation within the Projeét Area. At present, the river
water is utilized mainly for navigation between Penang Harbour and
inland industrial estates, but fishing and recreational activities
are few.

DID is not considering the construction of a barrage acropss
the river near the Pontoon bridge at Permatang Pauh to drain the
swamps within the catchment area for land reclamation. The fresh
waber to be produced by the barrage is planned to be used for
industrial purposes.

Tributaries of the Prai river, Jarak, Korok and Kulin are
used for irrigation and water supply purposes. However, thelr
intake points are located outside of the Project Area.

(b} Juru river

“The Juru river has a catchment area of about 2.6 sgq km (630
acres) covering flat plain, svamp and paddy with the hill of Bukit
Mertajam in its north-east corner. ' Water is heavily polluted by
the discharge from the urbanized area and animal farms of Bukit
Mertajam area. The river water has not been used for any purpose
in the Project Area. '
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Figure II-1
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FIGURE 11 -5
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CHAPTER 3

PUBLIC HEALTH CONDITTIONS

Health and Medical Facilities

The distribution of the health and medical facilities in the
Penang State has been generally adequate. There are one general
hospital, eight hospitals, 11 maternity hospitals, and 13 main
health centers excluding private clinics in the Penang State.

among these facilities, two hospitals are located in the
Project Area. They are district hospitals in Butterworth and
Bukit Mertajam. Total number of beds in each hospital is 134 and
206 respect1vely in 1975, and number of admissions in 1975 are
8,679 and 14, 505, with average length of stay as 5.65 days and
5.18 days ‘respectively. Bed occupancy rate, calculated from number
of beds and average daily number of patients, is 85.07 percent in
Butterworth district hospital and 120.392 percent in Bukit Mertajam
dlstrlct hospital.

The site of 30 ha (74 acres) for new hospital complex, serving
for the Butterworth and Bukit Mertajam areas, is planned at
Seberang Jaya in the Project Area.

Incidence of Diseases

Number of patients of water-borne communicable diseases for
both of the North and Central Districts in Province Wellesley,
including adjacent areas of the Project Area. It is pointed out
that these figures are reported cases only which are considered to
be approximately 75 percent of the total incidence actually
occurred.’ .

II-19



Table II-7
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- CHAPTER 4

POPULATION AND LAND USE

Present Population and Distribution

. As the population and its distribution in the Project Area at

the time of the present study is not readily available, assumption

is undertaken by using 1970 National' Census and other available
study data. . Of the 1970 Census which includes the breakdown in
mukims, 27 mukims are identified as included in the Project Area,

‘wholly or partially. To determine the population in each of

these mukims within the Project Area from the data of the Census,
the total population within the Area in 1970 at the time of Na-
tional Census is estimated to be 172,230, as shown in Table II-8.
(Ref. Appendix B, "Population & Land Use Distribution")

The population data provided in the Penang Master Plan Report
1970, which includes the population projection for 1970, 1975 and
1985, is found to be useful source of information for projection
of population for the year 1976. Assuming that 5.5 percent annual
growth rate up to the year 1985 is reasonable and realistic, with
a few percent of plus and minus. deviation, it is considered appro-
prlate to apply the same average of 5.5 percent annual growth rate
to each of the 1970 population of mukims within the Project Area
as referred above up to the year 1976, which leads to the conclu-
sion that the total population of the Area in 1976 to be 238,000,
as 1nd1cated in Table II-8,

Present Land Use

It is considered that Province Wellesley is the $tate'’s major
agricultural area. AL present, agricultural area of 4,049 ha
(10,000 ‘acres) which consists of paddy field, rubber farm, and
coconut farm is still located in the total Project Area of 11,600
ha.

The built-up areas are Butterworth and Bukit Mertajam town
areas covering a total area of 649 ha (1,600 acres).

Three 1arge scale industrial development programmes by Penang
State Government are now underway, and fastly being established,
In 1976, total industrial area lnc]udlng areas of - large scale
factorles cover 844 ha (2,090 acres).

‘Entire Project Area is classified into six land use categbries:_
a) industrial, b) social and commercial, ¢} residential, &} rural,

II-21



e) 'agricultur_al, and f) others. Present land use is illustrated
in Figure II-6, and acreage of each category is shown in Table
I1-9. ’
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5.1

Pable II-1D

CHAPTER 5

WATER SUPPLY SYSTEM

Exigting Watexr Supply System
5.1.1 Water Agency

" The water supply system of the State of Penang is opérated by
the Penang Water Authority (PWA) which was established on lst
January 1973 by amalgamation of the former City Water Department
of the City Council of George Town and the former Water Supply
Section of the State Public Works Department.

5.1.2 Areas and Population Served

Presently, about 280,000 persons or about 80 percent of the
total pqpulation in Province Wellesley is served by the water
supply system. The water supply area is illustrated in Figure
I1-7.

5.1.3 Water Production and Use

Yearly water productions in the last six years in Province
Wellesley are shown in Table II-10.

TABLE II-10 Total Annual Water Production (1969v1974)

(1,000 cu m)

Year ﬁdRTH . CENTRAL SOUTH. TOTAL
1969 12,029 1,500 1,786 15,315
1970 13,438 1,772 1,723 16,933
1971 17,770 1,587 1,987 21,344
1972 19,116 1,623 1,627 22,366
1973 21,230 1,623 2,223 25,076

1974 24,430 1,714 1,623 126,767

Data Source: 196901974 water supply record of the Penang Water
Authority

IT-26



. 5.1.4 Water Supply Conditions

Water supply condltlone in Province Wellesley are generally
satisfactory on both aspect of quantity and quallty. The entire
Province Wellesley is already covered by main pipe lines, and
therefore, all of the population in the Province may soon be
covered in the foreseeable future.

5.1.5 Private Water Supply Systems

~ There are at present prlvately owned water supply systems in
Province Wellesley, some of which are u51ng wells and irrigation
water but the areas will not doubt be included in the city water
service area in the near future, :

Existing Water Supply Facilities
5.2.1 Outline of Existing Facilities

The served area in Province Wellesley is divided into three
zones, namely North, Central, and South.

{a) North Zone

This system covers rural areas in the north of Province
Wellesley and the town of Butterworth. The water is derived from

- the Sungai Kulim and flows along a channel to the Bukit Toh Allang

treatment plant. The plant and the existing mains to Butterworth
and Bukit Mertajam have a capac1ty of 40,914 cu m/day (2 MIGD)

{(b) Central Zone

] This system supplles water to the towns of Bukit Mertajam ‘and
Prai. The water is obtained from three streams on the slopes of
Bukit Mertajam hill where storage reservoirs exist, and supple—

mental water is sent from the Bukit Toh Allang treatment works. in

the north

(c) = South Zone

The principal'areas supplied in this zone are Nibong Tebal and

‘Sungai Bakap. Water is obtained from a impounding reservoir and is

treated 1n the treatment plant at. Buklt Panchor,
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Table TI-11

The total rated output of the existing treatment plants in
Province Wellesley is 49,870 cu m/day {11 MIGD).

Storage tanks have the followihg capacities:

Bukit Toh allang . 27,276 cu m/day (6.0 m.g.d.)

Bukit Mertajam 9,092 " {2.0 " Y (2 reservoirs)
Sungai Bakap 4,546 " {1.0 " )
Bukit Panchor 4,546 " (1.0 " )
Butterworth 2,546 " {0.56 " ' Y (4 elevated
' reservoirs)
North Province 955 " {(0.21 " ) (2 elevated
Wéllésley reservolrs)
Prai ' 909 . " (0.2 " Y {(elevated
reserveir)
Total 49,870 cu m/day (10.97 MIGD)

5.2.2 Water Sources

Water Scurces of the water supply system in Province Wellesley
are described in Table II1-11,

TABLE I1-11 Water Sources

Name of Treatment Plant Water Source

Bukit Toh Allang Sungai Kulim

Bukit Mertajam _ Streams on the hill
Bﬁkit Panchor _ Impounding reservoir
Sungai Dua : © Sungal Muda

5.2.3 Pumpling Stations

There are five pumping stations in operation for the water
supply system in Province Wellesley. The quantities of water
pumped from low level 1ntakes to bupplement yields of high level
intakes are as follows. )
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Table I1-12

TABLE II~12 Total Annual Quantities of ?umping'stétion in. 1973

(1,000 cu mfyear)

Name of Pumping Station _ Quantities
Bukit Toh Allan§ Pumping Station 37,446
Bukit Mertajam Pumping Station 728
Bukit Panchor Pumping Station 412
. Sungai Buaya Pumping Station : _ 138
* Sungail Dua Pumping Station : _ 1,467
Total 40,191

Note: * Commenced its operation from April 1973.

Data Source: 1973 Annual Report of Penang Water Authority.
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Table II-13

Treatment Plants

5.2.4

The treatment processes of plants are shown in Table II-13.
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Table TI-14

5.2.5 Water Quality

The results of the water dquality analysis at several points
are shown in Tables II-14,

TABLE II-14 Results of Water Analysis

Location: (1) Bukit Toh Allang Service Reservoir (Treated water)
(2) Sungai Kulim (Raw water) .
{3) Prai Post Office (Treated water)

(4) Kg. Sekolah Sekolah (Treated water)

Sample taken on: (1) (2) (3) o 4)
" Month (1976) '
Day _ :
Time 8:50 10:15 8:00 10:25

CHEMICAL ANALYSIS (mg/l)

Salinity o 0.1 - 0.1 0.1
Chlorides as Cl 6 3 5 .6
Total'sblids_dried .
at 105° - 100°C 75 160 55 75
Ongen absorbed from . -
KMnOg, 4 hrs., 27°C- 0.25 1.65 . 0.20° 0.25
Ammonical Nitrogen 0.01 0.09 0.01 0.01
Albuminoid ' 0.02 0.10 0.01 g.01
Oxidized " 0.30 0.15 0.15  0.35
Nitrite " - _ 0.001 - : -
Iron expressed as Fe 0.15 0.25 0.15 0.10 | T
Total Haidness'as . _ . ’
CaCO3 _ 35 10 _ 20 30
Fluoride as F ©0.08 . 0.04 - 0.02 . 0.04
Turbidity -Cl?qr W1th; . Turbid Clear Clear
slight sedi- .
mentation
odour Nil ‘Nil Nil -oNil
Colour . - - - - -
pH o - 6.7 - 7.8 8.3 8.4

Daﬁa Source: PWA
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¥Figure II-8
5.3 Management and Operation
The Penang Wétef Authority was established in 1973 in accord-

ance with the Penang Water Authority Enactment 1972. The present
organization of the PWA is shown in Figure II-8.

FIGURE II-8 The Organiéation of the Penang Water Authority

Board of Management

General Manager/Deputy Chairman

Chief Executive Engineer

Secretary ‘Senior Engineer Engineer Fngineer _ Accountant
Engineer (Treatment {Distribu~ {Electrical)

& Supply) tion)
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4

CHAPTER 6

EXISTING EXCRETA DISPOSAT, SYSTEMS

6.1 Existing Toilet and Excreta Disposal System
Existing toilet facilities of the houses may be classified
into three categories, namely flush toilet with septic tank or
‘Imhoff tank, bucket toilet, and pit privy. Data obtained from
"pPopulation and HoUsing_CénSus of Malaysia 1970" show the distri-
bution of these facilities din the town areas and in the rural area.
Number of houses classified according to the toilet facilities are
summarized in Table II-15.
It should be noted that” in the town areés,_more than 90 per-
cent of the houses are covered by flush or-buckét toilets, while
pit privy is predominant in the rural area. Houses with toilets
over the waterways or no toilet are mostly located in the rural
areas outside of the Project Area. :
TABLE 1I1-15 Toilet Facilities in North
and Central Districts in 1970
Flush = Bucket Pit -iZiiiE o Total
toilet toilet privy ) toilet
. s way
" Central Bukit 0993 - 2,396 54 2 34 3,479
bistrict Mertajam (28.5) (68.9) (1.6) (0.) (1.0} (100)
Rural 1,355 3,485 6,955 1,182 2,593 15,570
{(8.7) (22.4y (44.7) (7.6} (16.7) {100}
North Butter- 2,620 5,177 501 55 218 8,571
District " worth (30.06) (60.4) {(5.8) - (0.6) (2.5) (100)
Rural 2,548 5,898 14,150 1,800 9,354 . 33,750
(7.5) (17.5) (41.9) (5.3} (27.7) (100)

Note: WNorth and Central Districts include the:outSide areas of the
Project Area. Rural means the remainder of Butterworth and
Bukit Mertajam Town Areas in.the North and Central Districts.

New housing complexes have their own communal night soil treat-

ment facilities, such as septic tanks or Imhoff tanks,; with filtration
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beds, except the treatment facility  installed in Seberang Jaya,
where kitchen wastes and night soil from 1;900 population are
treated: together by stabilization pond process. Communal septic
and Imhoff tanks are managed by Minicipal Council of Province
Wellesley. Location of these facilities and area served by night
soil collection are as shown in Figqure II-9.

Sludge Collection and Disposal

. Sludge collection-and disposal for cdmmunal septic tanks,
Inhoff tanks, and private septic tanks. are managed by Municipal
Council of Prov1nce Wellesley - (MPSP) All Sludge collected within
the Project Area is transported in vacuum lorries (desludgers) to
trenchlng ground for burial. d V~trenches of one meter (3 fi) depth

are dug and filled with sludge located at Bagan Ajan near the air-

force basé as indicated in Figure II-9 and when full ‘they are
covered w1th earth and levelled :

The night soil_is disposed of to the land at Telok Wang out-
side and near. the north-east -corner ¢f the Project Area. . The night
gsoil is dumped at the site and no facilities are provided for its

. disposal. Lorries route and the locatlon of night soil -disposal

site are shown in Figure II- 9.

Ex1st1ng fac111t1es for excreta dlsposal are shown in follow—
ing photographs.

II~-35



S

PHOTO II-1 Typical communal septic tank

PHOTO II-2 Typical pit-privy
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PHOTO TT-3 Terminal of night-soil disposal buckets

&

PHOTO II-4 Vacuum lorry for sludge collection from septic tank
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PHOTO II-5 V-trenches for sludge dumping
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CHAPTER 7

WASTEWATER PRODUCTION AND DISPOSAL

There is no sanitary sewerage system, except limited small scale
communal systems. Sullage from residence, together with effluents from
septic tanks and industrial wastes, are discharged into the existing open
drainage system, whlch are serving as crude combined sewerage system.
Since the major sources of wastewater in the Project Area are form the
residential and industrial areas, and many of the factories are in fact
either concentrated or scattered in the residential areas discharging
their wastes into the nearby receiving waters through the drains together
with the wastes from the residence, the consideration on the waste produc-
tion and disposal referred here conflned to domestic and industrial
wastes.

7.1 Domestic Wastes
7.1.1 Existing Domestic Wastewater Discharge

There are many open roadside ‘ditches in the existing town
areas and néew housing areas, receiving sullage waters together
with the effluents from septic tanks and finally discharge them
“into the storm drains or natural waterways, flowing out to the
sea through rivers or directly. )

7.1.2 Sewage Flow and Strength

There aré approximately 238,000 persons in the Areéa, of which
more than 80 percent are served by municipal water supply system
by PWA, but the rest of the people are served by either wells or
surface water and wells are scarcely used for domestlc use.

To estlmate sewage flow rate. strength produced by residents
in the Project Area, fleld surveys were carried out at the selected
représentative housing blocks in the Area. The surveys covered
home visits and actual measurements at the sites including volume
measurements, samplings and chemical analyses. '

Sewage flow and strength are estimated based on the results
of the field surveys, reliable records. on .water consumptlon of
individual houses, and data-on mun1c1pal water supply obtained from
PWA. The results of the study are-compared: w1th the ‘information
obtained from similar cities, both .in Malaysia and other Asian
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Table II-16

countries (Ref., Appendix I, Volume III)}.
The estimated unit flow rate and strength of domestic sewage

produced in the Project Area are shown in Table II-16.

TABLE ¥I~16 The Present Per Capita Load of Domestic
Sewage Produced in the Project Area

Concentration Per Capita Waste Load
(mg/1) ' Volume (g/day/cap)
(1/day/cap) :
BOD S5 BOD S5

185 185 200 _ 37 37

7.1.3 Septic Tank Effluent

Approximately 30 percent of population in the Project Area
are served by communal or private septic tank systems for human
excreta disposal, which are equipped either with septic tank,
Imhoff tank, or oxidation pond.

The effluent quality ranges from 15 to more than 250 mg/l of
BOD, and from 5 to 700 mg/l of S5, and often the effluents of more
than 1,000 coliforms/ml are discharged into the open drains, rivers
and/or coastal waters, causing contamination in ‘the waters (See
Appendix D, "Water Pollution Studies”, Volume III).

7.2 Industrial Wastewaters
7.2.1 Industries in the Project Area

Penang Development Corporation (PDC) is presently undertaking
industrial development in the industrial areas of Mak Mandin
Industrial Estate, Prai Industrial Complex(*l),and Seberang Jaya
Complex.

. In these three industrial areas, more than 100 factories have

{*1) This consists of Prai Industrial Estate, Prai Free Trade Zone, and
Prai Whalves Free Trade Zone.
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been esﬁablished thus far and 36 more proposed by the year 1976.
Food and textile factories predominate in these areas. (See
Appendix F, "Wastewater Characteristics')

small scale (home-size) factories scattered in the town areas
and new housing areas are mostly of metal works, woodworks, motor
repair-workshop, food manufactures, generally producing less wastes
‘than other larger scale factories.

7.2.2 Industrial'Wastewater Survey

For the purpose of estimating gquantity and quality of indus-
trial wastewater, surveys were made by Majlis Perbandaran Seberang
Perai (MPSP), the Ministry of Environment, and during the year 1976.

As a prellmlnary survey, questlonnalres for 1nformatlon on
the volumes of water consumption and discharge were sent by MPSP
to 73 factories in Prai Industrial Complex, and 56 percent of them
were returned. Further, effluent samples taken from 22 factories
which are deemed to be the major wastewater producers were analyzed.

After the preliminary survey the second survey was carried
out by the Ministry of Environment to ‘estimate quantity of pollu-
_tants of industrial wastewater at the selected factories in Prai
Tndustrial Complex and Bukit Mertajam. Both of the above surveys
were related to the Juru River Pollution Problems

The third survey, which was related to the Sewerage and Drain-
age Master Plan in Butterworth/Buklt Mertajam Metropolitan Area,
was carried out by our Team. Questionnaires were sent including
(1) water consumption, (2) wastewater loads and disposal, (3) _
treatment facilities, (4) effluent quality, (5) factory scale and
expansion planning, (6) working hours, and (7) main process related
to wastewater production, and supplemental wastewater analysis.

The results are summarlzed and discussed in Appendlx F, "Wastewater
Characteristics™

7.2.3 Industrial Wastewater Quantity and Characteristics

The characteristics of wastewater'produééd by factories in the
Project Area varies widely in guantity.and quality according. to the
types of industries and by factory-scale. Detail of the studies
are described in Appendix F, volume IITI . . '

Table II-17 summarizés per unit water consumptions of present

major industries and average BOD and SS concentrations of their
wastewaters, while Table IT-18 shows unit wastewater production on
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Table 1I-17
" Table 1I-18

average of whole industries on the basis of available data.

TABLE II-17 Average Water Consumption and Wastewater Quality
of Major Industries in the Project Area

Food Textile Chemical Others
Water Consumption 120.6 165,7 104.6 20.8
{cu m/day/ha)
Concentration  BOD 200 122 73 67
(ng/1)
58 399 58 106 - 127
TABLE II-18 Industrial Waste Load
Quality : Flow Rate Unit Waste Load
{mg/1) (cu m/day/ha) (kg/day/ha)
BOD SS BOD SS
90.9
122 125 | o1 o1

7.2.4 Industrial Wastewater Treatment

Industries producing hazardous guality wastewater are food

(high BOD), textile (high BOD and colour}, chemical ‘(harmful chem-
‘icals), and others (plating and battery: heavy metals). It is ﬁ%
observed at the large scale factories that some of them have their *
own treatment facilitiés, or have sufficient space for construction

of such facilities. At present, the regulation for industrial

wastewater control is being considered by the Government, including

standards for treatment facilities for acceptable effluents to the

receiving water bodies.

The small scale (Homé-size) factories scattered in the residen-
tial areas are increasing in number, but volume of their wastewater
is comparatively small so that it may be possible to discharge them
to thé'public sewerage and treat in the proposed sewage treatment
facilities jointly with domestic sewage.
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