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OUTLINE

1. Project Area

Project Area for the Feasibility Study, selected as the First Phase
area in the Master Plan forms a part of Kelang North Sewerage District,
Zone-1, and its area is 385 ha. Present population of 20,000 (1980) is
expected to increase to 36,000 by the year 2000.

2. .First Phase Project

Sewerage facilities proposed to be constructed during the First

Phaqe up to the year 1990 include the following:

1)  Trunk sewers (dia_me‘ter 375 - 1,':200.mm', total length 6,660 m)

2). Branch '.and lateral sewers (diameter 225 - _4.50 mm, total length
56,985 m) '

3) Kg. Kuantan intermediate pumping station

4)  Connaught wastewater treatment 'pla'rit, includiﬁg three series of

stabilization ponds

Prehrmnary eng’meermg‘ design for these fac111t1es was conducted
and the construetmn operatlon and maintenance costs were estimated based
on the design. Also, implementation program up to the target year of 1990
was deveioped, tak'i'ng into account the stafting year of 1983 and necessary
preparator’y works, such as land acquisition and' detail 'eng‘ineering design.
As shown in Table 1., the first two years (1983 84) are allocated for pre-
paratory works, ‘and actual eonstructlon works w111 beg‘m from 1985 for a
six-year period up to 199(] - According to the 1mp1ementat10r1 program,
project cost by each year was estimated as shown in Table 2. All costs are
based on the 1981 price. with annual escalatlon rate of 6.5 percent. Con-
struction cost- of about -1‘.’1$41 million increases to about M$56 million by

escalation factor.



Tabhle 1. First Phase-Implémentation Schedule

Item First Phase Program

1983 |1984 (1985 11986 | 1987 | 1988 11989 1990

I  Preparatory Works

- Land Acquisition td ’
Detailed Design 77
Tender Documents &4
Tender Invitatiom, F7)

Evdluation and
Contract Award

TI Sewer Collection
System

1) Trunk Sewers g ITITI I I TN

2) Branch and
~Lateral Sewers

Unit-1 (56 ha) rsss sl

Unit-2 (59 ha) | | g

Unit-3 (86 ha) | 742

Unit-4 (56 ha) . RZZ77]

Unit-5 (81 ha) | 2z

3)-Kg. Kunantan
Pumping Station

Civil Works - : ZZ¥Z2

VMé(ﬁh. & Elecﬁ; . | ZEZ
“rical Works- : ' '

IIT Connaught WTP

Civil Works I | 22777772777
Architectural Works FTIXE
Mech. & Electrical y 7777
Works. :




Table 2. Total Cost of Construction and Operation/Maintenance

Construction Cost Operation and
Year : : Maintenance Total
L.C._ |1 F.C. Sub-total Cost
1983 2,558 | 1,119 3,677 171 3,848
1984 4,146 - 4,146 183 4,329
(24 ,699)%
1985 6,546 3,376 9,922 233 10,155
1986 10,446 5,490 15,936 249 16,185
© 1987 8,566 3,128 | 11,694 288 11,982
1988 - 4,354 4,103 | - 8,457 457 | 8,914
1989 688 164 852 930 - 1,782
1990 721 555 1,276 1,028 2,304
1991 - - - 1,131 | 1,1m
1992 .- - - 1,239 | 1,239
1993 - S - 1,326 1,326
1994 - - - 1 1,426 : 1,426
1995 S - - 1,528 1,528
“Total | 38,025 17,935 | 55,960
- \ (58,578)% | . :

Note: L.C. represents local currency portion and-F.C. represents
foreign currency portion,
( )* Cost in case total land required up to 2000 is purchased
in the First Phase. -



3. Finanecial Plan

According to the study of financial planning in the Master Plan,

financial projections for the Feasibility Study are examined.
The fdliqwing fihancial plan is recommended as the best plan:

1) The foreign cur'rencj of the construction cost (M$18 million) is to

be financed by.ioan from a foreign lending agency.

2} The local currency of the construction cost (M$36 million), exclud-
ing the land. acquisition cost is o be financed by lecan from the

Federal Government.

3) The land acquisi_tion cost required in the First Phase (M$4 million)

is to be met by a grant by the Federal and/or State Government.
4) A 70 percent sewerage surcharge ‘rate on the water bill and a 3
percent sewerage sureharge tax rate of the property assessment
are to be imposed on the benefmmmes.
5) Kelang Municipality is to bear the financial burden of M$2.6

“million up to 1995 for the'proposed sewerage system.

4, 'Institutibnal Organization and Legal Aspect

4.1. Expansion of the Engineering Department

Kelang Mummpahty organization is modlfled based on the enlarge-
ment of the Engmeermg Department,. The mam features of the new organiza-

“tion are as follows:

1) In the eXisting lSewe_r_ aﬁ_d-Drain Seétion,. three unii:s sre to be
' newly: set up: - Design Unit, Construction Unit, and Operation
. and Maintenance _Unit-.

5_2) The current Work Shop umt of the Sewer and Draln Sectlon is to

be set up as mdependent sectlon

-4 -



'3) An accounting system, separated from the Municipality's general
revenues and expenditures, is to be incorporated in the new

organization.

4y  The reguired ste_ff is 11 in theé initial year of 1983 and 26 in 1990

at the end of the First Phase (excluding laborers),

4.2. Legal Aspect

There are no legal problems in 1mp1ement1ng the sewerage project

under ex1stmg laws and regulatlons.

5. Project Evaluation

Provision of the sewerage system benefits .direc.tly or indirectly
the served population. As for the quantifiable benefits, the operation costs
of about }M$0.8 million for desludging septic tanks and night soil collection
and disposal are saved after completion of the First Phase program. Benefits

such as environmental improvement are unquanuflable but significant.

- In Malaysia, the household income level has conmderabiy increased
in the last ten years. As income increases, what once seemed tolerable
comes to be considered intolerable. This indicates a higher civil minimiza-
tion lev'ei is required in Malaysia. Therefore, the desirability for sewerage

service is expected to increase and come to be considered necessary
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CHAPTER 1 'IN.T‘RIOD UCTION

'1.1. Backgrounq

As presented in Vol, II: Sewerage Master Plan, the Sewecrage
Master Plan Study covers 7,669 ha, including the Kelang Municipal Council
area and various surrounding ‘areas. For planning p’ufposés, this area has
been divided into eleven (11) sewerage zones, and each sewerage zone has
been further divided into sub-zones, to identify topographic and local
development conditions, in order to determme system requu'ements and

pr1or1t1es for 1mplementat1on

On the basis of the above, a study to defermine magnitude of
mvestments and lmplementatlon priorities was conducted and an implemen-
tation program in three (3) phases up to the year 3000 with special
emphasis on the First'Phase Pro'gram was proposed. ' Accolrdingly, it was
considered appropriate to glve top priority to Zone 1, sub-zone 1 in Kelang
North area ‘according to a ratmg assessment. Apprommately M$41 million at
1981 price level would be required for the first phase investment by the
Malaysian Government covering' approximately up to the year 1990, taking
into _aécount Varibus factors, including economic background.and fi'nanclial
capability of the ‘lo¢al government, for which further detailed anaiYsis is to
be carried out in the Feasibility Study. The proposed first priority area
covers 338 ha with present _.'pOpulati(')n (1980) of 20,000, with projected
population (2000) of 36,000, (Ref. to Fig. 1.10) '

1.2. Feasibility Study

On the basis of the foregomg‘ background the Feasibility Study-
is undertaken exclusively for the area identified for the First Phase pro-

gram, pursuant to the basic plan recommended in the Master Plan Report.



The Feasibility Study. presented herewith includes a review of the
data collected during the Master Plan study and collection of neeeseary
additional supporting engineering and financial data by means of various
surveys and site investigations in connection with the area as identified for
the First Phase Program. In the surveys and investigations, levelling the
routes of trunk and branch sewers and interviews with 70 households for
the purpose of reinforcing the: data on peoples' willingness-to-pay were
included. Measuring existing main drains and investigation of underground
| ~ structures, such: as telecom _cables, electric cable and water supply pipes

were also carried out

| To finance the First Phase program cost, optlmal flnan(:lal plan'is
careful]y considered by financial analysis of conceibable alternatlve “strat-
egies.  Possible bilateral and/or multilateral international financial resources
are. taken into consideration in the alternative studies, together with those
of the Federal Government of Malaysia.\ Also, ‘the financial capability of the
Kelang Municipality is carefully analyzed to determine financial viability of

the Project,

Varlous md1v1dual studies 1nclus1ve of study on plpe materials and
_d081gn drawmgs of the sewerage facilities are also undertaken and are

presented in the Chapter 5 and Appendix K, Vol. IV.
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CHAPTER 2  FEASIBILITY STUDY AREA

2.1, The Study Ares

Further field reconnaissance was carried out for ‘the Feamblhty
Study Area at Zone 1, sub-zone 1 of Kelang North. Developmént plans
showmg‘ the proposed road layout were collected from the Engiheering
Department of the .Kelang Munieipaiity As a result of these investigations,
detaﬂed map for sewerage facilities planning was made by the Study Team

whloh is’ shown in Fig. 2.1.

- The Study Area of 338 ha is Jocated on the right bank of the
Kelang River and forms the eastern portion of the Kelang Municipality area,
One of the major three commercial areas in I(eiang is inoluded_ in the Area
where the three major roads - the Federal Highway, Jeien Meru and dJalan

Kapar - become confluent.

_ Surroundmg the rapldly growmg commercial area are developed'
: low- ~density remdentml areas. A number of housing developments have been
or are now ‘being carmed out in the remaining part of the Area.  These.
recently developed residential areas are prov1_ded with = sufficient r’oeid
network system. Service lateral sewers can be insfallod in the back lane

located between the rear of the houses on both sides,

Some Kampung ereas are scattered 1n the southeast portion of the
“Area, Vacant ereas also exist, scattered in some of the southeast portlon,
as well as in the north portion of the Area. However plans for housing
and v‘z sus other purposes have already been made in these areas so that

they a.« likely to be developed in the very near future,

- 11 -



2.2. Sewerage Unit

In order to determine _thei. implementation schedule, the Sewerage
Feasibility Study Area is identified'by sewerage units, according to tdpo—
graphic condition and existing and  proposed road Ilayout plans. The
Federal Highway connecting Kuala Lumpur and Kelang thrbugh the east-west
direction will. divide the Arvea, for the purpose of sewerage unit consid-
eration, because of heavy traffic conditions causing difficulty in installing

sewer crossings.

"The Area north of the Federal Highway is divided into:three_;units

(units 1 to 3 from east to west). Unit-1 c_onsiéts_'of a residential area
which is separated from Unit-2 by a narrow depression running along the
high-tension power line. Unit-3 is located along Jalan Meru, separated from

Unit-2 by a small rise.

- The area south of the Federal Highway is divided into two units
by Jalan Landasan, since sewers in the northern part (Unit-4) are natufaliy
intercepted by this road, but sewers in the southern part (Unit-5) natu-

rally . flow toward Jalan Bukit Kuda.

_ These five uniis and their hectares are shown in the following
Fipg. 2.1,

- 12 -
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'CHAPTER 3 LAND USE PLAN AND POPULATION PROJECTION

Based on the land use plan and population projection proposed in
the Master Plan, a detailed plan and projection for the Feasibility Study
Area are worked out. Supplementary information currentiy considered 'by
the TCP, Selangor State, were collected through the Kelang Municipality.
Discussions with the consultants conducting the city planning for Yelang
Municipality were held and suggestions received from them. Subsequent'.
adjustments and modifications therefore are made as a result of information
obtained during the field survey period.

3.1. Existing Land Use

Present land use in the Area is grouped into seven categories;
.'namely, residential, commercial, industrial, vacant area, open space, school
area and L.L.N. reserve, in which vacant area is defined as an area which
is not used for any purpose or an area which is now ‘under development

and open space as parks, sport fields and cemeteries.
Present land use js shown in Fig. 3.1 on the last page of this

cha'ptér. 'I~Iecta'r'es of each catégory in the Feasibility Study Area is pre-
sented in Table 3.1, '
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Table 3.1, Existing Land Use (1980) .

Land Use Area
(Hectare) {(Percentage)

Residential 193 57.1
 06mmercial 20 5.9
Industrial | 1 0.3
Vacant 71 21.0
Open Space 16 4.8
School ' 22 6.5
L.L.N., Reserve 15 4.4

Total 338 1100.0

3.2, Conceptual Plan

Conceptual plan for the S_tudy Areas is deve_lbped fo élarify
future development policy. Structural components of the conceptual plan

are shown in Fig. 3.2 and their descriptions are as follows:

1) Main Axis
The urban axis connecting Kuala Lumpur, _Kéiang South and Port
{elang, composed of regional ‘commercial and institutional facil-
ities, is the main axis, as stated in the Master Plan Report, for
the regional activities extending beyond the Project Area.

2) Sub-Axes
The sub-axés, which are composed of schools, open space and

daily shopping centers, form the main axes for daily life in the
Study Area. '
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3) Inner Ring Road

" The inner ring road surrounding the central business district
(C.B.D.) functions as a boundary separating: the. commercial and
residential -areas, and also relieves traffic congestion in the
central area, |

4) Outer Trunk Road

The outer trunk road surrounding the Project Area functions as a
boundary separating the high-density and medium- or low-density
residential areas. It also helps relieve traffic congestion in the

central business district.

Fig. 3.2. Conceptual Plan
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3.3. Population Projection

Praesent (1980) and future (2.000) popuiation are estimated in the
Master Plan, Based on the. estimation, population . projection up to the year
2000 is reviewed.and confirmed for the Sewerage Feasibility Study Area.
Logarithmic function is considered to be the most 1‘epresentati\}e for esti-
mating population in the Area, taking into account development. conditions,

The result is presented in the following Table 3.2.

Table 3.2. - Population Pr:ojection

Year ' Population
1980 | 20,000
1985 24,400
1990 28,500
1995 32,300
2000 | 36,000

3.4. Land Use Plan in the Year 2000

: Land ‘use plan Ain ‘the year 2000 is developed using p]'f'oject'ed= land
use and other various plannmg parameters pr01ected in the Master Plan
such as populatlon density for each land use category, number of persons
in a household ete. Development in the category of vacant area is fully
taken into conmderatmn,_ and the foregomg conceptual plan is used as a
guide for allocatmg each category of land. The results are shown in Fig.
3. 3 and Table 3.3, '
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Table 3.3. Land Use Plan (2000)

Land Use Area
(Hectare) (Percentage)

Residential 210 62,1
Commercial 57 16.9
Industrial - -
Opén- Sﬁace 29 8.6
School 22, 6.5
L.L.N. Reserve 20 5.9

Total 338 100.0
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CHAPTER 4 ' DESIGN BASIS

Various studies andd_isc"ussions have already been made in the
Master Plan Repoi't as the basis of design consideration including quantity
and 'quality' of Westewater, design criteria and materials and construction
methods. Therefore, the content of this chapter is mainly a summary of
those in the Master Plan together with additional sﬁpplementa.ﬁy .explana—
tions. Actual applications of these design basis are indicated in Chapter 5
of the present Report,

4.1.. Quantity and Quality of Wastewater

4.1.1. Quantity of Wastewater

" There are three categories of sewage according to the source of
orig“i.n:; ﬁamely, ' domestic wastewater, 'ihdustr_ial. wastewater and infiltration.
Quaﬁtity of domestic wa'steIWater which is generated from-the private resi-
dences "and various other kinds of 'building‘s is estimated baeed on the
per-capita wastewater flow rate. Per-eapita wastewater flow rates for .both
residential and employed population presented in the Master Plan are as

follows:

Table 4.1. _Per“Capita Wastewater Flow ‘Rates

Per-~Capita Wastewater

Year Flow Rate ( %/cap/day)
1980 210
1890 240
1995 250
2000 260
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In general, the estimated quantity of industrial wastewater is
based on the size of the industrial area and unit flow rate 6f wastewater.
In the Feasibility Study Area, no industrial arvea is expected to be devel-
oped, according to future land use plan. Therefore, industrial wastewater

is negligible.

'Qua'ntity of infiltration is calculated using the unit flow rate of 7

mWha/day presented in the Master Plan.

Wastewater quantities in the Area according to each sewerage unit

and category are presented in Table 4.2.

Table 4.2, Ares, Population and Wastewater Quantities

Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Total
Area (ha) 56.0 59.0 86.0 " 56.0 8.1.0 338.0
Population (person) 5,808 7,614 8,128 5,763 8,687 36,000
Employed Population 73 2,282 10,228 4,299 967 17,849
(person) ’ :
Domestic Wastewatr—;ﬁr 1,500 2,573 4,773 2,616 2,510 "14,000.
{m?/day)
Industrial Wastewater - - _ - = - -
(w?/day)
“Infiltration E 309 388 508 327 491 2,023
(m3/day)
Total Wastewater ' ; P 3
(m /day) 1,837 2,961 5,281 2,943 3,001 16,023
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4.1.2, Quaiity of Wastewafer

The nature of domestic sewdge is estimated on the basis of field
survey results carried out in the two selected .housing areas in the course
of the Master Plan Study. Both BOD and SS concentration are estimated to
be 200 mg‘/g. The industrial wastewater characteristics are discussed and
BOD and SS loads are also calculated in the Master Plan. However, no
industrial wastewater is expected to be generated”in the Study Area and

therefore not included in the present Report,

Amount of waste load and average concentration of wastewater to

be treated are shown in Table 4.3.

Table 4.3. Waste Load and Average Concentration

BOD - BOD $8 8§ .
Wastewater Load |Concentration| Load ° [Concentration
(m*/day) | (kg/day)| (mg/® (kg/day} (mg/2)

16,023 2,800 175 2,800 175

4.2, Design 'C.r'iteria

4.2.1. Sewers

Sewers are designed on the basis of the design criteria as sum-

marized below:

1) TFlow Friction Formula

Manning's formula:

YV = i _RZ/‘?'SVI/Z
13}



Where,

V : Velocity of flow, in, m/sec
n: Roughness coefficient,. 9.013
R : Hydraulic radius, in m

51 Slope

2) Peak Flow Rate

Domestic wastewater:

Md =
P 1/7
where, _
Md: Peak flow rate
P : Design Population (Unit: 1,000)
Industrial wastewater : 2

Infiltration : 1

3) Minimum and Maximum Veloci{y

Minimum veloeity : 0.6 m/ sec

- Maximum velocity : 3.0 m/sec

4) Minimum Size of Sewer

For all public sewers : 225 mm

5) Depth of Sewers

The depth of earth .covérin'g public sewer pipes' s_hall not be less
than 1.0 m. '

'6) Maximum Manhole Spacing

For diameter less than 1,050 mm : 100 m
For diameter 1,050 mm to 1,500 mm : 150 m
For diameter'l,GSO mm or more : 200 m
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7) Siphons

Velocity in siphons should be designed: higher than that in the
upper stream sewer by 20 - 30 percent. A multiple~-barrel siphon is recom-
mended. The head loss in siphons is calculated based on the following
“formula:

2
H=if + 1.5+ o

2g

where,

H: Head loss, in m
i : . Hydraulic gradient
: * Length of barrel, in m

i
1

V : Velocity in barrel, in m/sec

g 1 Acceleration of gravity, 9.8 m/sec?
o

Margin, 3 to 5 cm in. general

4.2.2. Pumping Station
1) Design Flow -

The desigh of the pum’ping station is based on the peak flow of
the sewage ‘unless special conditions jus"tify the use of é lower rét’e. All
pipiﬁg and conduits are also desig‘ned to carry the expected peak fl._ow, with
some allowance for unexpected sewage increases. Fnough storage capacities
are to be provided in wet wells, ‘especially where automatic cohtroIs and
variable speed drives are not furnished, to’ balance pumping rates within

the flow i‘ate.
2) Type

Types of pumps suitable for transmitting sewage are considered to

be as follows:
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a) Submefsible pump
b) Centrifugal pump
¢) Screw pump

Sclection of type depends on the condition of each individual
pumping station, such as peak flow, total head, etc. A study is carried
out to select the type of pumps recommending submersible pump. (Ref. to
Appendix L, Vol. IV) '

3} - Structure
Provision to facilitate moving pumps and motors shall be con-
sidered in designing. Suitable and safe means of access shall be provided
for wet and dry wells containing either bar screens or mechanical equipment

requiring inspection or maintenance,

4y Pu'mp Capacity

At least two pumps shall be provided for each required station
one as a stand-by. The number of pumps is determined on the'basis of
flow ‘quantities and variation. Where possible, pumps shall have the same

capacity and design each other, with interchangeable parts.
5) _Pump:Drive

_ In selectmg the type of pump dmve, careful cons1derat1on shaﬂ
' _be given to the frequency and- duration of electrical power suspensmn as
well as to cpgt comparison. of an el_ectrlc motor and a _dlesel engine. Past
experience .rin‘di'c.ates that the use of motor is 'g‘enérélly more economical .and

reliable than engine.
Furthermore, electricity has been used for years in Malay'sia

- without serious problems Therefore, it is recommended that the pumps for
all pumping stations be drwen by electric motor.
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6) Ventilation. and Prevention of Odour and Noise

Pumping stations shall be.‘encl'osed in a concrete  structure to
prevent the diffusion of odour snd noise to nearby residences. Proper
ventilation and lighting shall be provided for all stations for the screening

-room and any other--n‘eceSsary part of the structure.

4.2.3, Treatment Plant

Various types of treatment processes have been evaluated for
both technical and economical aspects As a result, the stablhzatlon pond
" and aerated lagoon process are recommended by the year 2000 depending
on the condition of each treatment plant. The stablhzatmn pond system is
recommended for the first stage constructlon to be'modified to the aerated

lagoon system when the pond becomes overloaded in later stages

A unit of the stabilizafion pond process consists of a facultative
pond and a maturatlon pond in series.. Also, a scum chamber is provided
in front of the facultatwe pond for scum removal prior to biological treat-

ment in the succeedlng series of ponds.

Capamty of treatment processmg unit shall be determmed on the
basis of dally average flow rate. All piping conduits and other hydrauhc

units shall be desig‘ned for peak flow,

Standard B parameter limits of effluent in the Third Schedul_e of
"Environmental Quality (Sewage and Industrial Effluents) Regu'lations, 1979"
shall be applied to effluent from the wastewater treatment plant. Parameter

limits are shown in Table 4.4,

The main items on which design of treatment facilities is based
are tabulated in Tables 4.5 and 4.6.
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Table 4.4, Parameter Limits'of_Stanclard "B" Effluent

(Environmental Quality [Sewerage and Industrial Effluents] Regulations, 1979)

Paratﬁeter Unit | Limits
1 | Temperature °C 40,0
2 pH Value - 5.5-9.0
3 BOD at 20°C ng/ % 50.0
4 oD o mgle 100.0
.5 Suspended Solids " ngl g 100.0
6 Mercury mg/ 2 ' 0.05
7 Cadmium ' mg/ % ' 0.02
8 Cﬁromium, Hexavalent '.mg/,Q, o 0.05°
9 Arsenic mg/ o 0.10
10 Cyanide mg/ % 0.10
11 Lead ' ' mg/ ¢ ' 0.5
12 Chromium, Tribalent  mg/ R 1.0
13 Copper ' mg/ g 1.0
L4 Mangaﬁese mg]_,Q, . 1,0
15 Nickel mg/ 4 1.0
16 Tin ' mg/ 8 | 1.0
17 Zine ng/ g 1.0
18 Boron mg/ 1 4.0
19 Iron (Fe) mg/ & ' . 5.0
20 Phenol o ‘ng/ g 1.0
21 l. Fee .Chlori'ne B Img/.g 2.0
22 Sulphide . mg/o 0.5
23 0il and Grease ng/8 10.0
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Table 4.5, Design Basis of

-Stabilization Pond.

Items

Design Value

Scum Chamber

Réteﬁtion Time
Depth

Facultative Pond

Surface BOD Loading
Depth

Maturation Pond

Retention Time
Depth

Expected Effluent Quality

BOD .
Fecal Coliform

= -5 min .
1.5 - 2.5 m

Y

320 kg/ha/day
1.5m~=2,0m

i

= 3 days :
IS5m-2.0m

It

less than 50 mg/ ¢ ;
less than 100,000 N/100 m$

Table 4.6. Design Basis of Aerated Lagoon

Items

Design Value

Scum Cﬁamber

Rgtention Time
Depth-

Aérated'Lagoon

Surface BOD Loading
Depth

Maturation Pond .

Retention Time
Depth

Expected Effluent Quality

"BOD
- Fecal Coliform

= 1,500 kg/ha/day
3.0m - 5.0 m

i

= 3 days
1.5m-2,0m

less than 50.mg/ 3 -
less than 100,000 N/100 m &

- 31 -



4.3. Material and Construction Method

4,3.1. General

Presently, most construction materials for sewerage facilities are
available in Malaysia, except equipment required for pumping stations and
treatment plant, such as large capacity pumps, electric and control devices,

aerators, flow meters, etec.

Various kinds of locally manﬁfa'ctured products such as sewer
pipes conform to internationally acceptable standards and. generally are of
accepfable quality. As industrialization continues, new materials suitable

for use in sewerage construction are expected to be introduced later.

Investment in the construction sector expanded during the last
‘decade in response to the Malaysmn economic plans and development of
housing schemes. The investment in  architectural construction and eivil
work accounted for about 40 percent of the total private investment in 1980.
This ‘t.endency' encourages local contractors to develop their capability.
Pre'sent.ly, local contractors are capable of carrying out most of the VseWer-

age construction as démonstrated in other areas, such as Kuala Lumpur.

4.3.2. Pipe Materials

Currently, various Kinds of pipe materials are loéally' available in

Malaysia. These pipe materials are as follows:

(a) Vitrified clay pipe (VC pipe)

(b) Centrifugally-cast reinforced concrete pipe (concrete plpe)
(c) 'Asbestos cement pipe (AC pipe)

() Po}yvmyl chloride pipe (PVC pipe)

(e)  Steel pipe

£y Cast iron pipe

(g) High densn:y polyethylene pipe (HDPE plpe)
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There are however size limitations on sizes depending on the
materials. As various kinds of sizes are expected to be used in this proj-
ect, the size limitations should be taken into account.

The pipes selected should be of good quality, durable with neces-
sary sirength:to resist external load and working‘pressure in the case of
the force main. Special care should be paid to hydrogen sulphide attack
under the tropical climate in the Study Area.

Since high groundwater level might be encountered in most places
in the -Study Area, selection of pipe joint is of importance to prevent
groundwater infiltration.. As shown in Table 4.7, rubber ring joints or

other flexible type of joints are recommended as the most suitable joint.

A study has been carried out to select s.uitabie pipe materials
together with joints, taking into account the foregoing and other essential
factors.. As a result of the study, the fdllowing pipe materials depending
on type and size of the sewer are.recommendéd'as sho{vn in Table 4.7. A

" Study report is presented in Appendix K, Vol. IV.
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Table 4.7. Recommended Pipe Materials

{(a) 'Gravity. Sewer

i}  Diameter up to 300 min VC pipe with either rubber ring

joints or other flexible joints

ii) | Diameter 375 mm and above Spigot-and-socket type concrete
pipe with rubber .ring joints
and with high alumina cement
‘movtar lining (up to 600 mm) or
PVC lining (675 mm and above)

(b) Force Main
i) - Diameter up to 600 mm ~ Pressure type AC pipe or steel
pipe with cement mortar internal
lining and Dbitumen external
Lning '
ji) ‘Diameter 675 mm and above Steel pipe with the same linings

mentioned above

4.3.3. Manhole Materials

_ _ The manhole frame and cover should ndrmally be madé. of 3_cast'
- iron of adequate strength to support superimposed loads, .wi‘.th a minimum
diameter of 800 mm. Ventilation \}ents may be provided over the cover.
However, for manholes in depressed areas subject to flooding, such vents
should not be provided to avoid undesirable entry of stormwater, sand and
grit.

Marxihole materials include pre-cast concrete _éori_e and cast-in-place
concrete. The concrete cone may be furnished to reduce the manhole
diameter at the top to accommodate the frame and cover. For the vertical
portion of the wall (barrel), cast~in-place concrete or brick may be used,

depending on the manhole depth and soil conditions.
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- 4,3,4, Construction Method

1) Sewer Construction

_ The critical factors in'.sewer construction are, a) trench bedding,
b) backfill and c) proper jointing of pipes. It is also necessary to consider
minimum interference to the residents and traffic in the wvicinity of the
construction - area together with the minimum ‘risk to the workmen. The.
following factors should be considered for laying sewers by open trench

excavation,
a) Excavation

To economize the construction work,. excavators such as backhoe
and cramshell should be used. Manual excavation is also reduired
at the trench bottom and where the uﬁdergro'und pipes or cables
are located. Careful attention should always be paid not to

interfere with existing underground structures.

To limit inte'rferénce. with traffic in narrow roadways or highly
congested d_owntown areas, soils exeavated should be removed
from the .areaktémpt)raril'y, and returned later_'fér backfilling.
_Exc_év_atibn shoﬁld be undertaken immediately prior to installation
of the pipes for the same reason. It is also advisable .to limit the
" length of open trench to a maximum 100 m in open areas and 30 to

40 m in developed areas.

b) Pipe Bedding, Bracing and Sheeting

According to the soil investigation .conducted in the pfevious
' sewerage study by Proctor and Redfern in 1968, the scils in the
Study Area are . classified as soft or very soft sﬂty clay, and also

high water table may be encountered.
The use of timber for sheetin"g in shallow f:re_nches and steel sheet

pile in deep trenches will be required in most parts of the Study

- Area except for very shallow trenches, taking into account soil
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and groundwater condition. For deep excavation, special precau-
‘tion is required against heaving caused by the low shear strength
in wet condition, This problem may be overcome by driving sheet

piles sufficiently deep in excess of trench depth.
¢) Dewatering -

For most of the areas in the Study Area, removal of groundwater
- from the excavated trench will be reguired. Dewatering can be
accomplished by sand pi.lmps at :the lower end of the trench in
most cases, considering the rather low permeability of the soil.

d) Backfilling

: Up' to 30 cm above the crown, sand. should be laid and carefully
compacted. Excavated soil can ‘be used for backfilling above that
layer. However, the excavated soil should be dried and large
stones, roots, or lumps of clay removed before backfilliﬁg.

Backfilled soil should also be compacted uniformly and thoroughly.

'2) ‘Construction of Pumping Station

_ Pumping stations requiré a foundation ext_ending‘ approximately 10
m below the ground surface. To support the structure, concrete piles of

20 - 30 m length will be required, considering the poor soil condition.

3) Construction of Stabilization Pond

Despite its simplicity in nature, the stabilization pond should be
constructed prop'erly_' in order to ensure ecconomy and durability, as well as
--sati_sfactory performence. Major considerations to be given for the struc-

tural design of the pond are described in the folloWing:
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a) Shape of Pond

The shape of the pond shall be devoid of any narrow or elongated
portions. In principle, a rectangular pond with length not ex-
ceeding three times the width is considered to be most desirable.
. Also, corners of the pond shall be rounded to minimize accumula-
tion of floating materials. '

b) Embankments

The area where the embankments are to be constructed should be
completely cleared. 'Embankménts should be constructed of imper-
vious materials to the extent possible and sufficiently compact.to
form a stable structure. The top width of ‘the embankment is to
be 5 to 6 m. Depending on local conditions,  neither the inner
- nor outer slope of the embankment should be steeper thén the
ratio of one hbrié:ontal to one vertical. The embankment is pitch-
~ed with rubble stones from the top of t_he émbankment down to
the bottom of the pond. The top of the ‘dik_e should.' be paved
in sufficient width to ensure access and passage of maintenance

vehicles. Minimum freeboard is to be 0.5 m.

¢) Pond Bottom

The pond bottom should bé made as level as possible at all
 points. The soil formation at the bottom should be impervious to
avoid percclation or secpage of the contents. Therefore, al-
th'.ough compacted subsoil at the bottom after remoiring porous
top’sbil may iricrease' the water-holding capacity to some extent,
the pond bottom should be replaced by well-compacted ciay or
other suitable impervious materials. Further, vinyl 'sheet.may ‘be
used to cover the bank and a part of the pbnd bottom exténding
about 10 m from the bottom edge. '

d) Inlet and Outlet Arrangement

Each pond shall be provided with inlet and outlet. The inlet

shall always be submerged so as to allow the incoming sewage'fo
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flow towards the bottom rather than the surface, to avoid odour
nuisance and ensure better mixing'. of the incoming flow with _the
pond substance. An 'important? pr’ecautioﬁ to be taken in provid-
ing the inlet arrangement is to ensure that the sewage inflow is
not directed towards the outlet, thus avoiding short-circuiting.
Therefore, the relative lecation of the inlet and outlet is impor-
tant. The distance from the inlet to the outlet are proposed to

be more than 10 m.

e) Miscellaneous

The pond area should be enclosed with a ‘suitable fence to pre-
¢lude livestock and discourage public frespassing. A vehicle
access gate of sufficient width to accommodate maintenance and
operatiorial equipment shall be provided. Bypass conduits vyﬁth
valves a'r'e'provided to ‘enable the pond to be used ..in any combina-
tion when a pond is emptied for repéir or other purposes. Care
sh_ould be given to landscaping the treatment Sife, providing' a
buffer zone belween the facilities and site bo'uhdary.

- 38 -



" CHAPTER 5

RECOMMENDED SEWERAGE SYSTEM






CIHIHAPTER 5§ RECOMMENDED SEWERAGE SYSTEM

5.1, Trunk Sewer Routes

5.1.1, Alternatives

The following alternatives, some of which are the modifications of

trunk sewer routes and location of pumping station as indicated in the

Master Plan are considered for planning the most economical sewerage

system in the 'Feasibility Study Area.

 Alternative-1

Altérnative-2

: Alternatiife—B

Alternative-4

This is the same plan as p'roposed in the Master Plan.

Trunk sewers cross the Federal HighWay at two poinis,

one covering Units 1 and 2, and another from Unit 3.

There are ‘two pump_'in'g' stations; namely, Eng Ann
(Unit-1) and Kg. Kuantan (Unit-4) pumping stations.

Trunk sewer crosses the Federal nghway at one pomt

mstead of two. points as in Alternatwe 1. This alter-
native is considéred to avoid sewer crossing of heavy

traffic at Federal H1ghway as much’ as possible.

A part of Unit-b is diverted and connected to the lower
reach of the main trunk. The location of the proposed
Kg. Kuantan pumpi'n'g station may Ila{ré to be changed.
This alternatlve is mtroduced to 1nvest1gate the possi~
blhty of ralsmg ‘the main trunk in the downstream after

the pumpmg station.

The trunk sewer from Unit-1 is shifted inside Unit-2,
instead of along the Federal Highway, in order to
explore the possibility of eliminating Eng Ann pumping
station which is required to lift the sewage originating

from the lbwer area in Unit-1.

These altérnatives are shown in Fig. 5.1 to Fig 5.4,
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0.1.2._

Cost :Co‘m:psr'i'son

Construction cost of each élterna'tive" is 'estim'atéd' based on the

design . of facmtles and the cost function developed in- the Master Plan..

Sewerage facilities 1nv01ved are trunk sewers and- mtermedlate pumping’

stations.  Construction costs of branch and latéral sewers and treatment
plant are excluded because these costs are considered to be almost the same

regardless of which aiternative is considered.

Results of the cost estimation are shown in the. following table,

__accuracy mto account

Table 5.1. Construction Cost of Alternatives
(Unit: M$1,000)
. Alter- Alter— .Alteru .~ Alter-
: Facility . native-l native-2 | native-3 - | native-4
Trunk Sewer 6,646 6,771 10,407 6,990
Kg. Kuantan 1,319 1,319 2,025 1,319
Pumping Station : :
Eng Amn 100 100 100 -
Pumplng Station’
Total 8,065 8,190 12,534 8,309
Ratio 1.0 1.02 1.55 1.03

Trunk sewer and pumping station constructlon costs of Alterna-
tlves l 2 and 4 can be conmdered to. be the same, takmg cost function
 On the other hand,

ev1dent1y h1gher than that of any of the other three alternatlves The

total cost of Alternatlve 3 is
reasons for this cost mcrement are as follows
1)  Longer length of the deep.trunk sewer upstfeam of t'he proposed

_pumping
~increase.

station outside the Study Area resultmg in cost

On the other hand the trunk sewer downstream of the
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pumping  station cannot be raised significantly because of the
existence of deep drains. The former cost increase cannot be
offsct by a decrease in the latter.

2) __'.Larger capamty of thc pumpmg statlon which also mcreases the
constructmn cost,
5.1.3, Conclusion

Compamng the three alternatlves, éamely, Alternatives 1, 2 and

4, Alternatwe 4 has the following advantages.

1)  Sewer crossing of the Federal Highway will be at one point, which

will result in minimum disturbance to tvaffic.

2)  Eng Ann pumping station will not be required, which will result
in ease of maintenance and. in saving operation and maintenance
cost.

Taking into account the foregoing, Alternative-4 is recommended

in the Study Area.

5.2. Facilities Considered with Preliminary Engineering Design

'Major facilities proposed in the First Phase Program consist of the
following items,

1) Trunk sewers with total length of 6,660 m, varylng from diamecter
L 375 mm to 1,200 mn), mcludmg forece maln.

" 2) ‘Branch - and lateral sewers with total length of . 56 985 m, and
- "dlameter from 225 mm to 450 mm. ' ' '
3) Kg. Kuantan Intermediate Pumpmg Statlon
4)  Connaught Wastewater Treatment Plant.

Prehmmary engmeermg desngns for the above arc carmed out on
the bas1s of ‘the recommended desigin basis descrlbed in: Chapter 4,
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'5.2.1. Sewers_.

Al1gnmer1t of the sewers, 1nc1ud1ng trunks and branches - and

' laterals, is" planned ‘based: on the road network plan in’ the Study ATea,

‘inclusive of both exxstlng and proposed roads. Development plans approved

"by TCP were collected through the C1ty Planning Section of MPK in order

to identify the location of proposed roads. Almost dll the Vvacant areas in
the Study Area are planned for deVelop’mcnt However formatmn level of
the proposed roads are yet to be determined. Therefore, these levels are
assumed by the Study Team based on natural topographle condltlons and on
the levels of the ex1st1ng roads wh1ch were measured by the Study Team in
the course of fleld survey IOI‘ the Feas1b111ty Study The levehng results
are’ presented in Fig. 5.5.

‘The ‘sewer layout plan is shown in Fig. 5.6, Total length of
sewers and other items according to each unit are summarized in Table 5.2.

Calculation tables and longitudinal sections of trunk sewers are presented in

'TableSSandFlgs 57t059

Table 5.2. Number, Total Length and Average Length per Area of Sewers

Trunk “Branch and Lateral Sewers
- : Total
Sewers | yrie-1 | unit-2 | Unit-3 | Unic~4 | Units
Number of 26 | 85 128 145 112 [ 171 667
‘Sewers o
(56,985)*%

Length of | 6,660 | 9,765 | 10,700 | 12,247 | 9,466 | 14,807 | 63.645
Sewers {m) '

Area (ha) | - s6 | 59| . 86 56 81 | 338
Average _ - {169)*
Length per - 174 181 =142 - 1169 183 . 188

Area (m/ha)
I

Note: * ( ) Branch and lateral only .
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5.2.2. Pumping Station

_ As a ro&,ult of alternatlve study on selection of pump type, sub-
mers:lble non-clog pump is proposed (Ref, to Appendlx L, Vol. 1V). The
advantages of submermble pump 1nclude (1) lower construction cost of
structure, resultlng from ehmmatlon of dry-well, and (2) lower operating‘

and mamten ance cost

One intermediate pumpmg statlon is requlred according to the
recommendatlon, ‘ in the sewerage system proposed for the FlI‘St Phase
Program The Kg. Kuantan pumpmg statlon is designed on the basm of
'recommendatlon stated in Chapter 4. Structures and pump capamty are
designed to meet requirements for the year.EOOO All the famhtles reqmred
in the year.2000 shall be: provided by 1990, since the pumping station
serves exclusively for the Study Area, hence the anticipated flow rate in
1990 is close to that in 2000,

_ The proposed shape of the pump well is rectangular as shown in
Fig 5.10. A coarse bar screen with 00 mm intervals is installed in front
of the pump well. Screenmgs will be removed manually and transported by

truck to the dlsposal site. No grlt chamber is prov1ded

_ The demgn flow of the pumping station and outline spemflcatlons'
of the pumps to be provided are shown in Table 5.4.

Table 5.4, Design Flow of Kg. Kuantan Pumping Station

Year 1990 = Year 2000

Daily Average Flow (m®/day)| 11,600 ' 16,000
Peak Flow (@®/min.) 23.7 29,2
Total Desigo Head (m) : 15 |
Number of Pumos _ :3,_including'0ne stand-by
Pump Type Submersible, .non-clog
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5.2.3, ' Wastewater Treaiment Plant

As discussed in the Master Plan Report and also in Chapter 4 of
the current Report, the aerated lagoon system should be adopted by the
year 2000. However, the possibility of adopting the stabilization pond as a
temporary . facility before the demand exceeds its cabacity is suggested to
minimize the First Phase construction cost and also operation and main-

itenance work.

In the Master Plan, it is proposed that the wﬁsteﬂrater treatm_ént
plant for the Study Area be used by the year 2000 to treat the wastewater
generated outside of the Study Area; i.e., .Kelang' North,. Zone-1, _' Sub-
zone-2. Wastewater and waste load quantities projected up to the year 2000

on the basis of design in the Master Plan are shown in Table 5.5.
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Based. on the foreg‘omg projection and. design crlterla, the re-
qu1red surface area for the stabilization pond only for Sub-zone-1 at ‘each
year is calculated as follows

Table 5.6. Required 'Pond 'A'rea

(Unit: h;) :

1990 | eooo

Facultative Pond 6.&9 8.75

| Mefuration Poed .2.32 o '3.26
Total 8.51 | 1195

Taking into account the fact that it takes a few yeai‘s or more for
the treatment plant to reach design flow capacity, the actual influx for the
time being after completmn of construction work m 1990 wﬂ} be less than
that shown in Table 5.5. Therefore, it is expected that the 1990 design
flow capacity for the stab1hzat10n pond will provide sufflment service for:
several years after 1990. '

However, smce the ava;llabie area for the Connaught Wastewater
Treatment Plant is approx1mately 12.68 ha, the qtablhzatwn pond system
‘may not provide satlsfaetory treatment of the antlclpated ﬂow in the year
2000, Therefore, modification of the treatment plant into an aerated lagoon
may be reqmred by the year 2000 At that time, experiénce expected to be
accumulated by tha_t time will help determine the possibility of operating the
stabilization pond at a higher BOD load than proposed.

The layout plan for construction of the stablhzatlon ponds durmg
the First Phase, mcludmg necessary facﬂltles, is worked out - taking into
account variocug facters, such as the shape of the site, ‘the Kela"zg River
water level, etc., simultaneous with the aerated lagoon layout plan at the
" ultimate stage. Special consideration is given to ease of modlfymg the
stabilization ponds into aerated lagoons in designing these layout plans

- 51 -



One of the threc facultative ponds, No, 2 pond, is divided into
two ponds for ease in nioiiifying one of them into an aerated lagoon at a
later stage. During modification work, only the first pond should be dried
up, while the second facuitative pond and the next maturation pond are
kept in operation. Although the first pond is not expected to become
anaerobic under the anticipated BOD load of approximately 600 kg/ha.day,
it is recommended inlet pipes and valves be provided at suitable points to
enable operation of the two facultatlve ponds as a unit to avoid producing
inferior effluent quality. ELayout plan for the slabilization ponds and
aerated lagoons are shown in Fig. 5,11 and Fig. 5.12 respectively.

A plan including cross-sections of the pumping station for.the'
Connaught Wastewa't:er Treatment Plant is shown in Fig. 5.13. Based on an
alternative study, the type of pump sclected is the submersible pump (Ref
to Appendix L, Vol, IV). Of the five pumps required at the ultimate
stage, three pumps, including one stand-by, should be instailed at the

First Phase construction.

Smce the plant 511:9 is ad]acent to the Kelang River, some pr0~
tective measures should be prov1ded to prevent erosmn which mlght be
eaused by the river stream. Taking into account the high waier level of
the Kelang River as well as the proposed ground elevatlon, constructwn of
a remforeed_concrete retaining wall approximately 3.5 m high is proposed
along the Kelang River bank. Location of the retaining wall is shown in
Fig. §.11. .
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FOR SEWERAGE AND DRAINAGE SYSTEM

PROJECT IN KELANG, PORT. KELANG AND

ITS ENVIRONS

Resuits of Leveling Survey 5.5,

FEASIBILITY  STUDY
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CHAPTER 6 COST ESTIMATION AND IMPLEMENTATION SCHEDULE

6.1. Cost Estimation

6.1.1. Procedure for Estimating Construc’tioﬁ Cost

Consthctioﬁ cost of all_ required facilities; némely, trunk sewers,
branch and lateral sewers, intermediate pumping station and wastewater
treatment plant, are estimated and presented in this section. Cost of house
connections is not dealt with since it is to be borne by the property

owners,

Cost estimation is based on the preliminary engineering design for
required facilities and basic unit cost of each item or material. Supple-
mentary information on unit. cost was coilecte‘d during the Feasibility Study’
field survey period from September'to December, 1981 and necessary mbdifi—
cation _undeftaken accordingly on the unit cost shown in the Master Plan.

All the prices presented are at 1981 price level.

All cost are divided into two categories; i.e, local and foreign
cu]_."':_("e'ncy, _baSed on information obtained in Malaysia. Basic concept of the
division is that cost of all imported goods such as machinery to be used for
sewerage facilities ‘and/or for conStructi(_m -work or . for factories in
producing necessary products are deemed to bélong ‘to the foreign _currenéy
portion - and _the"rést as local carrency requirement. Cost for machinery is
: e:stimated. based on CIF pﬁce. Table 6.1 shows labor cost. Tables 6.2
and 6.3 show pox.'ti'(:)ns.- of local cﬁrreﬁcy and foreign price of basic mate-

rials and unit cost respectively.
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Table 6.1, Labor (')'ost_si

Type of Labor Labor Cost(ﬁ;ll’dl;;? (8 hours)
Common Laborer | _ .17.0
Skilled Laborer 24.0
Welder 27.0
Mason 27.0
Cérpenter o 27.0
dMechanic o 27.0
Brick Layer _ 28.0
~ Concrete Worker : 28.0
Stéel Bender and Fixer | 28.0
-Painter 28.0
Lorry_ Driver _ .3{.}.0
Equipment Operator ' - 35.0
_ Foréman 45.0
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Table 6.2.

Price of Basic Materials

‘ _ Pfice (M$5
Item Description | Unit

L.C. E.C, Total

Cement £ 188.21 7.97 196.18
Sand m3 | 6.22 4,78 11.00
Laterite 2 3.00 0 "3.00
Aggregate. 9-13 mm " 30.22 4.78 35.00
o 25-38 mm " 26.22 4.78 31.00
Crusher-run H 20.22 4.78 - 25.00
Diesel 0il litre 0.46 0 0.46
Light 0il 0 0.50 0 0,50
Timber Grade A m? 206.61 3.39 210.00
" " " 256,61 3.39 260.00
H-shape Beam - 104.00 996.00 1,100.00
Sheet Pile | " 99.63 934.80 | 1,034.43
V.C. Pipe ¢ 225 mm m 42.52 0.88 43,40
W 6 300 " " 108.37 1.05 109.42
Concrete Pipe | ¢ 375 " " 89.85 0.96 90.81
L L 4 450 " 114.00 1.38 115,38

& no 4525 M v ] 129.09 2.31 131.40

" " $ 600 " 146,43 2.88 149.31

" " $ 675 " " 217.49 3,46 220.95

L " g 750 " " 239.76 4,94 244.70

" n $ 900 " " 306.78 6.92 313,70

" " $1,050 " o 393,28 8.65 401.93

" K $1,200 " Y| 448,46 11,54 ~460.00

(Note) L.C.: Local Currency,
F,C.: Foreign Currency
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Table 6.3. Unit Cost.

_ Rate (M$)
-Ttem Description {Unit . .
L.C. F.C. Total
Excavation Backhoe m° 0.61 1.00 1.61
" Clamshell H 1.75 5.33 7.08
u Manual " 9.89 0 9,89
Soil Trans- Dump Truck " 1.47 2,44 3.91
portation 11 t
Backfilling Sand - n 22.62 13.98 36.60
"o " Excavated Soil " 5.04 0 5.04
Spreading &
Compaction Bulldozer " 0.46 0.90 1.36
of Soil ) ’
Timber Sheeting % =2.0m m 5.62 10.05 5.67
" " 2 =2.5m | " " 7.55 0.07 7.62
" " 2 =3.0m " 9.49 0.08 9.57
" " 2 = 3.5 m " 11.41 0.08 11.49
Steel Sheet LSP 11 " 49.07 69.85 118.92
Piping Work £ = 3.5m
n L O " 53.29 75.83 129.12
n " L = 4.0m
" " oo " 56.79 80.82 137.61
1r (3} ,Q, =4.5m
" " SP II n 59.61 113.00 172.61
" " 2 =5.0m
" M moom " 69,15 131.07 200,22
it n . = 6.0m
" " oo " 77.87 147.64 225.51
L " L =7.0m




Table 6.3. {(cont.)

. Rate (M$)
Ttem Description | Unit S —T
L.C. - F.C. Total
Steel Sheet SP 1T 0 86,62 |164.22 .| 250.84
Piling Work £=28,0m
" m woow . 96.95 |183.81 280,76
" " ¢ = 9.0 w . o
n L 'SP III " 175,00 |300,00 475.00
" n £=15.0m
'Attaching & . :
Detaching of t F41.63 | 114.92 256.55
Steel Work ' B ' :
Redemption of ‘H-shape t/day 1.07 10.41 11.48
Steel Materials
" " LSP . 6.20 1.85 | 2.05
11 n . .
. " . sp "o 0.09 0.86 | 0.95
i " i
Maintenance H-shape . 8.28 | 80.67 |  88.95
Cost for Steel:
" Lsp-II | ™ © 5.08 | 49.54 54.62
n " L - :
" | SP-II mo\ o 7.88 | 76.73 | - 84.61
1m " " ’
n | sp-1rr | " 7.49 | 72.88 80.37
b £ " 1" : .
Steel Bars % 13 mm and below " | 1,716.44 | 19.37 |1,735.81
ALY $ 16 mm and above " © |'1,633.79 19.37 |1,653.16
' Concrete I: 1% :3 {n® | 227.97 | 15.54 | 243.51
oo 1 : 204 " 217.57 | 15.54 233,11
1 1:3:6 " 203,27 | 15.54 218.81
Timber Forming m? 14.23 0.05 14.28
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Table 6.3, {(cont,)

Item Description Unit Rate (Mﬁ)
Bedding | Sand n? ~36.60

" Crusher—run " 81.54
Restofing - Asphalt Paving m? 48.12
Mésonry ~ Granite 30 cm " 38.08
Pile Driving | 18"x18", 30 m No 224,58
Dewatéring 5.5 kW,¢100 mm day 58.54

(Note) L.C.: Local Currency
F.C,: Foreign Currency

1) Sewer Construction Cost

The following types of sheeting are assumed, depending on the
excavation depth, in order to estimate construction cost.

Excavation Depth Type of Sheeting
Dov’ﬁn to 3 m _Timber‘Sheeting
3m-5m | Light-weight Steel Pile
5 m and below Steel Pile

The average gravity sewer construction cost per meter. is estimat-
ed, depending on pipe size and depth to invert as shown in Table
6.4, including the cost for pipes, excavation, sheeting, dewater-
ing, bedding, restoration of paving, . along with contractor's
pro’ﬂts and overhead. . These costs also include cost for man-
holes, on the éésumption that the cost of manholes is 15 percent
of that of sewers. -

- 78 -



"Table 6.4, Unit Sewer Construection Cost

(Unit: M$/m at 1981 price level)

Diameter | ~ Depth to Invert (m)
(mm) 2.0 3.0 4:0 5.0 6.0 7.0 8.0
225 150 166 207 1,11 1,413 1,701 1,976
300 268 286 902 1,250 1,577 1,885 2,176
375 236 242 828 1,149 1,466 1,779 2,088
450 273 281 876 1,214 1,546 1,874 2,197
525 316 326 926 1,282 1,631 1,975 2,312
600 365 378 979 1,354 1,721 2,081 2,433
675 422 438 1,036 1,430 1,815 2,192 2,560
750 488 508 1,095 1,510 1,915 2,310 2,69
900 653 683 1,225 1,685 2,131 2,564 2,984

1,050 874 918 . 1,370 1,880 2,372 2,847 3,304

1,200 1,169 1,235 1,532 2,097 . 2,640 3,160 3,659

Construction cost of branch and -lateral sewers ' to be located
under the proposed roads are excluded from government financ-

ing, and are expeécted to be met through private contributions.

- Construction costs of trunk sewers .and branch and lateral sewers

for each unit of the area are presented in Table 6.5.
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Table 6.5, Sewer Construction Cost

(Unit: MS$1,000 at 1981 price level)

vaernment'Contribution
. Private
Unit . “Local  Foreign Sub~ ~contri~ Total
Currency Currency total bution
Trunk 3,495 3,495 6,990 - 6,990
Branch and Lateral Sewers
Unic-1 1,165 291 1,456 | 104 1,560
Unit-2 1,366 341 1,707 615 2,322
Unic-3 1,343 336 1,679 520 2,199
Unit-6 2,543 636 3,179 461 3,640
Unit-5 706 176 . 882 1,374 2,256
Total 10,618 5,275 15,893 3,074 18,967

2)  Pumping Station Construction Cost

Construction costs of the pumping station are estimated on the
‘assumption that civil and architectural work will be-done'by local
contractors - while the i p‘ﬁmps and other majér mechanical and
clectrical equipment parts will be impoftéd. 'The'.es'tir'natec.l costs
of the imported equipment are based on reasonable aésu'mpfions

and quotations obtained from reliable impdrting manufacturers.

Construction cost of the Kg. Kuantan Pumping Station are tabulat-
- ed in Table 6.6,

~ .80 -



Table 6.6. Kg. Kuantan Pumping Station Construction Cost

(Unit: M$1,000 at 1981 price level)

Local Currency Foreign Currency Total

Civil Work ' 214 _ 85 299
Architectural Work 216 ' 24 240
Mechanical Work 51 352 403

(inclusive of equipment)

Electrical Work &7 . 330 . 377

(inclusive of equipment)

Total 528 791 1,319

3)

Wastewater Treatment Plant Construction Cost

_Facilitie.s to be constructed at Cdnnaughﬁc Wastewater Treatment
Plant during the First Phase include a pumping station, inlet
work, three series of stabilization _system.s, an office and dis-
tributing', collecting and disposal works. Estimated cost of these
facilities,___'as' well as the - retaining wall required to"preveﬁt
overflow from the Kelang River, are based on the same assump-

tions as those for the pumping station, -

To fulfill the feqﬁirements by the year 2000, completion of civil
works for such purposes as inlet work, pumping station, 'disposal
facilities only will be necessary durihg the First Phase con-
struction work, while the pumps will be provided only to the
extent required for the First Phase Program. |

Construction costs of Connaught Wastewater Tréatment Plant are

presented in Table 6.7,
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Table 6,7, Connaught Wastewater Treatment Plant Construction Cost

(Unit: ™$1,000 at 1981 price level)

Local Currency | Foreign Currency| Total

Pumping Station 1,048 1,617 2,665
Civil Work 621 251 872
Architectural Work 240 0 240
Mechanical Work 65 447 - 512

{inclusive of equipment)
Flectrical Work 122 919 1,041
{inclusive of equipment)

Inlet Work 163 443 603
Civil Work 163 443 603

Facultative Pond and 2,894 1,322 4,219

Maturation Pond

Civil Work 2,894 1,322 4,219

Distribution Tank 200 47 247
Civil Work 200 47 247

Office 12 o 312
Architectural Work . 312 0 312

Miscellaneous 602 138 740
Civil Work 602 138 740

Retailling Wall 2,363 921 3,284
Civil Work 2,363 921 3,284

Total 7,582 4,488 12,070
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6.1.2,

1)

2)

Procedure for Estimating Operation and Maintenance Cost

Sewers

‘Estimation of anriual operation and maintenance cost for trunk and

branch and lateral sewers, excluding that’ of house connections,

are based on the following assumptions: -

Assumptions
(a) Frequency. of Cleaning ° : once every four years
(b) Cleaning Capacity 1 200 m/day/crew
(¢) Crew Nuﬁbel’ | ' .t .6 persons/ecrew
(d) Work Days : 250 days/year
{e) Work Houfs- : S hoﬁrs!day
(@ Cleaning Machine ¥ .High pressure cleaning

machine
(g) Cost for Spare Pa.1.=ts, etc.: 5% of equipment cost/year

(h) Salary of Crew ~+ M$330/month

Pumping Station

'Iﬁépection and cleaning of the pumps and removal of sc_feenings

will be made three times a week in general, to be carried out by
laborers in the Connaught Wastewater Treatment Plant located at o
distance of 2 km from the Kg. Kuantan purhping station. - There-

fore, labor cost is not calculated for the pumping station.

Annual cost fdr_ repair of civil works and buildiﬁgs is assumed to
be 0.25 percent of the construction cost and that of mechanical
and electrical equipment is assumed to be 2 percent. Power cost

is esﬁmated at the prevaﬂihg unit cost of.l\’1$0.'17!kWh.
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3): Wastewater Treatment Plant

The main routine works at wastewater treatment plant are inspec-
tion of ponds, cleaning and lubrication of ‘mechanical equipment
such as pumps -and aerators, .removing screenings and water
sampling at various points. Manpower required for these works
are estimaied to be six persons, depending on the type of proc-

ess adopted and capacity of the plant,

The same assumption is adopted for repair cost as for the pump-
ing station, which is 0.25 percent of construction cost for civil
work and 2 percent for mechanical and electrical equipment,

Poiver cost is also estimated at the same rat'e' of M$0.17lkWh.

4)  Annual Operation and Maintenance Cost Estimates

‘Annual operation and maintenance cost for the above-mentioned
seWefage facilities are tabulated up to the year 1995 in Table 6.8'..
PQWer consumpfion rates depend on the quantity of wastewater
.treat'ed; 'theréfore, cost graduélly increases as wastewater in-

creases.

Table' 6.8. Annual Operation and Maintenance Cost

(Unit: M$1,000/year)

1989 1990 1991 1992 1993 1994 1995

Sewer: 24 24 24 24 24 - 24 24

Pumpirig Station 64 67 67 85 85 91 91
Wastewater 128 132 143 143 147 147 152

Treatment Plant’

 Total . 216 223 234 252 256 262 267
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6.2, Implementation Schedule

6.2.1,  General

Scwerage facilities to be'provided by MPK up to 1990 include the
trunk sewers, Kg. Kuantan intermediate pumping station, Connaught Waste-

water Treatment Plant and branch and lateral sewers.

Installation of branch and lateral sewers will be implemented
according to the priority assigned each unit. On the other hand, con-
struction of trunk sewers, pumping station and wastewater treatment piant
is scheduled based on the volume of work and peried_ required for construc-

tion.

The following preparatory procedures are necessary before com-

meneement ‘of the general construction work

1) Land acquisition for treatment plant and pumping station.

2} Detailed design of major facilities such as trunk and branch and
‘lateral .scwers, - pumping station and wastewater treatment plant,
| including néées'sary. field surveys.

3)  Preparation ef tender documents,

4) Tender invitation, evaluation of tenders and contract award

Considering the timing and amount of time required for the above-
mentioned procedures, the earliest possible “time for commencement of con-

' struction may be sometime late in 1984 or the beg’ihﬁing"of 1985,

6.2.2. Priority" of ‘Units

In order to determme the order of prmmty of each unit, various .
' parameters, such as’ population density, development condition, waste load
generatlon and excreta ‘disposal sysiem, were con51dered The results are
shown in Table 6.9.
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Table 6.9.  Order of Implementation Priority by Units

Parameter Unit=1 Unit-2 Unit-3 Unit-4 Unit-5
(1) Population Density 3 4 ©5 1 2
(2) Development. Condition - _' 1 3 4 2 5
{3) Waste Load Generation 5 3 2 1 4
- (4) FExcreta Disposal System 4 4 2 1. 3
‘Total Points 13 14 13 5 14

As shown in Table 6.9, Unit-4 has the highest priority among the
five ‘units. The second priority is given to two units, Unit-1 and Unit-3,
which have the same evaluation points of 13. The remaining two uhits,
Unit-2 and Unit-5, fol'low with evaluation points of 14 which is very close to

that of the units given second priority.

In_étallation of branch and lateral sewers ir_1' these five units is
scheduled for six years, from 1985 to 1990, ‘according to their evaluated

priority.

6.2.3, Implementation Schedule

Based on the proposed implementation order of the five uhit_s, the
First Phase implementation schedule up to 1990 has provisonally been: work-

ed out. With administrative efficiency in retaining engineering consultants

for design work and awarding contracts to the suppliers and contractors, '

together with efficient performance of the civil contractors, it is possible to
e;ﬁpedite the_schedule of work and complete the work before 1990. As
shown in Table 6.10 , treatment of wastewater might be started in 1989,

one year prior to completion of the .construction work.
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Table 6.10. First Phase Implementation Schedule

Item‘_ First Phase Program

1983 [1984 1985 | 1986 1987 | 1988 | 1989 | 1990

I  Preparatory Works

Land Acquisition A TIT S
| Detailed Design 7

Tender Documents | &£4]

Ten&er Invitation, 7]

Evaluation and
Contract Award

IT Sewer Collection
System

1)} Trumk Sewers FETIFTTZE]

2) Branch and
Lateral Sewers

Unit-1 (56 ha). o ZEZLZ2

Unit~2.(§9 ha) o ' PZFI

VUnit—B (86 ha) ' - FAFZZ |

Unit-4 (56 ha) | 7())/4

.Unit—;5 {81 ha)} . : f// 777,

3) Kg.'Kﬁaptan
Pumping Station

Civil Works N ZZFZ2

Mech. & Elect-
rical Works

II1I Connaught WIP

Civil Works ZEZF7F777,
Architectural Works T7TE
Mech. & Electrical | ' III S A
Works
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6.3, Disbursement Schedule

The cost of the sewerage facilities for the government contribu-
tion is estimated to be approximately M$41 million at 1981 pricé level, A
period of e1ght years is envmaged for completion of the First Phase, based
on technical and financial conmderatlons, including the potentlal customers'

ability to pay, assuming preparatory works will start from the year 1983.

Allocation of cost over an eight-year s'pan has been made in Table
6.11, according' to the implementation  schedule presented in Table 6.10;
The firsf -ﬁvo years,.1983 to 1984, are for preparatory works, such as land
acquisition, detailed design, preparation of tender documents, tender invi-
tation, evaluation of bids and contract awards. Construction work will be

commenced from 1985, for compleﬁon .by 1990,

Engineering cost for impiemehfation of the First Phase work
ihcludes both detailed engineering design and cdnstruction supervision
services. It is assumed that 15 percent of the construction cost may. be
needed for the eng’meermg servmes, approximately 10 percent for the
detailed design and the remaining 5 percént for thé_constructibn supervision
services, Furthér_mc’;re, it is estimated that half of the detailed engineering
design cost for trunk sewers, pumping station and wasteﬁrat'er_.: treatment
plant will be char’geablé to the foreign cﬁrréncy portion,  while the’ remain-
ing half and detéi_led design costs for branch and lateral sewers and super-
visory services will belong in the local currericy portibn.

Contingéney allowance of 10 percent is estimated  for proper
completion of the Project. Costs are estimated at both 1981 price level and

cach year's price level, at an annual escalation rate of 6.5 percent,
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CHAPTER 7 FINANCE

7.1. Financial Projection

According to thé.study_of financial planning in the Master Plan

Report, financial prejections are developed on the following basis:’

1) The initial investment for the First Phase work must be financed
by loan, to be prov1ded most - hkely by the Federal Government

. —and/or international Iendlng agenmes.
2) The required revenue for the operation and maintenance of the
séw.er'ag‘e' system should be raised through appropriate charge
(sewerage surcharge rate on water bill and sewérag‘e surcharge

tax rate) against those who will receive benefits from its service.

'Varmus financial pI‘O]ecthl’lS were made under the above basis, in
order to determme the most viable financing schedule, taklng into conside-
ratlon loan conditions, sewerage charge rate, sewerage surcharge tax rate,

price cscalation rate and extent of financial burden on MPK.

The financial stateménts prepared for these financial 'project.ions
comprise: (1)~ proflt and loss statement (income statement), (2) source and
application statement (cash flow) and (3) ‘balance sheet. The pI‘O]BCthHS
cover the fiscal period 1983 through 1995.

7.1.1. Fund Requitements

1) Capital and Operét_ing- Costs

_ The financial projection should be based on the estimates of both
capita_l arid operating costs. The construction cost is estimated about M$56
mi}l_ion,-of which the land acquisition cost is about M$4 million. The esti-
ma’ﬁed ‘scale of the capital cost and the operation. and maintenance cost each
year for the First Phase program are shown in Table 7,1 through 7.3, Al
of the above costs are calculated at 6.5 percent escalatlon rate per vyear at
1981 prlces which is authorized by the Fourth Malaysia P]an
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Table 7.2, _Operaticm and Maintenance Cost*

(Unit: M$1,000)

Year Payroll¥# | Maintenance Administrationkss Total
1983 155 o 16 171
1984 166 17 - 183
1985 212 - 21 - 233
1986 226 ' 23 249
i§87 262 . | .26 _ - 288
1988 415 ' 42 457
1989 575 278 - 58 | 930
1990 | 613 309 : 61 | 1,028
1991 653 | | 350 ' 65 _ 1,131
1992 | evs 408 70 1,239
1993 740 i 443 74 1,326
1994 788 487 ' 79 1,426
1995 840 529° g4 : 1,528

Note: *  Escalated at 6.5% per annum ffom'original price in the year 1981.
**. Wages and Salaries of personnél'empldyEd for the sewerage works.

*%%  Administration expense, including office supplies and other
miscellaneous expenses.
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Table 7.3.. Total Cost of Constriction and Operation/Maintenance*

(Unit: M™$1,000)

'Qeaf ._ | :Coﬁsﬁrﬁctibn Oéefation/ﬁainﬁenancé Toﬁal
1983 | 3,677 i 3,848
1984 4,146 | 183 . 4,329
1985 9,922 | 233 10,155
1986 15,936 249 B 16,185
1987 11,694 | 288 7 11,982
1988 8,457 457 | 8,914
1989 852 | 930 | 1,782
1990 1,276 1,028 2,304
1991 - - 1,131 | 1,13

‘. 1992 - | 1,239 1,239,
1993 - | 1,326 . 1,326

1994 - 1,426 : 1,426
1995 - - 1,528 | 1,528
1996 — | _ _ 1,756

Note: * Escalated at 6.5% per annum from original price in the year 1981,
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