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Appendix 4. The Japan Sewerage Works Agency (JSWA)

g1 Background

On April 21, 1970, the Government "approved a Class of the
Environmental Quality Standard. And eonéequ‘e’ntly, the number of rivers
incréased, whose water qualities must meet the government standard.  And
in order to meet the national standard to conirol the water quality of rivers
in Jépan, the Governmeni had to construct. sewérage systems of local munici-

‘palities.

It is very important of employ enough well~trained engineers for
sewerage construction. And such engineers are usually concentrated in big
.ci_ties in Japan. This is because, in large cities, a fairly large amount  of
work is available continuously at higher pay than in smaller cities. On the
other hand, in smaller cities and prefecturéf governments, there are ‘not
enough engineers both of them have not conducted sewage works so far and
have not _erhployed engineers in charge of these works. Under these circum- -
stances it would"bewdiffi'cult for them to carry out their sewerage projecis
particularly big-scale sewerage construction projects.  They are not well
experienced and it is difficult for such local 'municipalities to employ spe-
.cializéd engineers, - such- as sanitary, * electric, 'mechanical eﬁgineers,
chemists and'biolog"ists in charge of planning, constructing, and maintaining

sewagé treatment plants.

Under these circumstance, the Minister of Construction asked the
Central Advisbry Committee  on City Planning to submit its _recommendations
on ways to execute the promotion of sewerage construction, And on August
16, 1'9-71, the Committee: came up with the recommendations that the Govern-
ment_i.'and local governments must take fundamental measures . as soon as
possible to provide the system under which engineers are to be pooled and
sent to-various organizations as. the' need arises. - Along the line of the
recommendations, the- Ministry of *Consti‘hc’éion' asked the Education ;Mihistry
to put’ more emphas1s in. providing" courses on samtary eng’meermg m .
'-techmcal eolleges and umver51t1es -The” Mlmstry of Construction also began"

preparation, with cooperatlon .of local governments, to -establish a

J-1



sewerage works organization for the purpose of pooling enough engineers to
be dispatched where they are needed, as well as advancing the econstruction

oxpenses,

Among its many functions, this SCPC's main job is to give various
technical assistance to local governments, including the assessment of
sewerage construction projects, the planning and actual construction works
under commission with their money, as well as other assistance, such as
training of engineers and research and technology development and in
making it into practmal use in cooperatlon with local governments each
giving 50% of the total cost, -In short, the SCPC has been working to help
local government bodies to pi-omote sewerage works in Japan. However,
since then, the application of the water quality standard by the Government
was extended to river, lakes, bays and coastal waters throug‘hout Japan,
and as a result, the construction of sewerage Systems' for environme_ntal
protection became to be beyound the boundaries of one local gov;ernnden‘t.
It came. to be recognized, insfead,'as the national issue to be immediately
dealt with in order to conserve the nation's water resources as a whole.
Consequently, th_'e mgin function of the SCPC was being shifted from giving
~ assistance to local governments to taking over their operations to construct

sewerage systems by the SCPC.

With the changes in the nature of the SCPC during.- the first
three years after its establishment, the Japan Sewage Works Agency Act
‘was  enacted on June 19, 1975, which virtually absorbed the SCPC into a '
new body, the Japan Sewage Works Agency by enlarging the functions and

organizational structure of the former.

J.2. Leagsl 'A'spect

The JSWA is a public -éor_p:oration which has a special status as
stipulated by a special law. Since its operation involves the sewage.works
which 1oca1 governments ought'to do, the JSWA must- work for the benefit
of all these local governments. Therefore, the establishment of the JSWA is
to be 1n1t1ated by the representatwes of local governments, and the cost of

establishing - the organ and some operational expenses are to ‘be borne

J—Z_



equally by the cen_trai government and local governments, including the cost
for training engineers an‘dx for research and technology development.
Planning and construction of sewerage systems by the JSWA under com-
mission with & local government is to be paid for by he local government
concerned. However, since the function of the JSWA is not only to promote
common interests among local municipalities by providing sewerage systems
to improve the living environments of the people, but also to attain the
natiOhal goal to control the quality of the public water and to secure water
resources of the entire nation, the JSWA is considered to be the same as
those established by the central government as far as the control and

financial assistance of the Government is concerned.-

d.3. Outline of the Functions

The functions of the JSWA are stipulated in the first clause in
Article 26 of the Japan Sewage Works Agency Act. .The following are some

of the maj‘or' functions of the organization:

(1) Construction of main sewerage facilities.
Under commission from a loecal government the JSWA is to const-
ruct sewage treatment plants, the trunk sewers to- such plants, and the

pumping stations.

(2) Designing, construction supervision, and operation and mainte-
nance of the sewerage systems '

Under commission from a local government, the JSWA is to plan

s'ewerage systems, supervise their construction, operation and maintenance

the sewage treatment plants and the pumping stations.

(3) Technical assistance for sewerage construction
By request of a local government, ‘the JSWA is to gwe technical
_as'sistan'ce for the assessment of the plans, construction, and the operatlon

fmaintenance of the plants.

(4) Training of engineers ' _
“The JSWA is to give training to national and local civil service



personnel who  are in charge of sewage works. Training of those from

commercial companies by the JSWA is prohibited.

(5) Qualification tests _
The JSWA is authorized to give qualification . tests to those who
wish to take them, including enginéers of both national and local govern-

ments as well as those from private companies.

(6) Research and technology development
The JSWA is to conduct research and technology dev'elopment in
the field of sewerage, scwage treatment and pre-treatment, as well as on

the practical application of such technology.

(7) Construction of the facilities, and glvmg technical assﬂstance upon
request of public corporatmns

Under commission from public corporations which are established

by special laws, the JSWA is to plan and construet the main Sewe'rage

facilities, supervise the ‘actual construction work, and give technical assis-

tance on operation of the facilities,

J.a. Finaﬁcing and Subsidies

The JSWA receives capital fund and subsidies from the 'cehtr.a_l'
and local governments. The. capital fund covers the costs of land purchase
and the "const'ru(':tion ‘of the administration building and the laboratory, as
weli as the deposit for renting the -office building, hoﬁsing‘ for staff
memb.e.rs, and others. In other words, the capital fund is used to .acquire
the fixed property for the operation of the JSWA.

On the ~other hand, the subsidies are to be spent on personal
-.expenses of the. staff in the planmng, general affairs; accounting, training,
~and research and development divisions of the dJSWA., as well as travel
expenses and operational costs. Subsidies are also used to provide training

facilities and testing equipments for training courses.

In. principle, the central government and local governments each



contribute half of the combined total amount of the capital fund and -sub-
gsidies for the opera:tion of the JSWA. With the half to be paid by the local
governments, a group of prefectural governments and a group of local
municipalities (each with more than 80,000 in population) contribute with the
2 to 1 ratio. In other words, the ratio of contribution to the finances of
the JSWA is 50% by the central government, 25% by prefectural govern-
ments, and another 25% by local municipalities. This is based on the
government 're'COgni{ion that the construction and opera‘tion' of sewerage
gystems, in.' éontroiling the quality of the public water should be carried out
jointly by various governments at different political levels of the nation.
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APPENDIX K.  STUDY ON PIPE MATERIALS

K.1. lntroduction

Sewers are one of the main components of the sewerage system.
They are usually laid under roads to collect and convey wastewaters of
'vario.us kinds of origin to the point of disposal. Each household, com-
merciat building or factory should be connected to a sewer network; thus, a
vast number of sewer pipes, particularly branch sewers are installed. As a
sewer collapse may result in’ costly repairs and replacement, the choice of

pipe material is of great importance.

The chmce of p1pe materials for use in a sewerage system

depends on a number of factors, the major ones among which are:

(a) Local availability
(b) ~Availability in the sizes required
(c) - Quality, durablhty and strength
(d) Life expectaney and resistance to scour and corrosmn
(e) Method of jointing, ease of assembly and water-tightness
(f) Ease of handling, transportation and installation
(g) Cost: '
i) of matemals
i) of handling, transportatlon and installation
(h) Flow characteristics
(i) Ground condrtlon and pipe material resistance to aggressive soil

and ground water elements.

Local 'availabiiity of pipes is the first factor to be considered in
the selection of pipe materials for the sewerage project. Based on the data
and . information - obtained in Malaysia, several kinds of _.pip‘es are locally
. available, - Some other kinds of pipes can be imported. However, it is
obvidus-' that .locally‘ manufactured pipes have an advantage over those

imported. .



There are different size limitations depending on the materials
used, which require consideration since various sizes are expected to be

used in this Project.

The pipes selected should be of gobd quality durable and possess
the necessary strength to resist external load and working pressure in the
case of force mains, In. this regard, internationally acceptable standards
have been adopted in Malaysia. -Also, due to the tropical climate of the
Project Area, special consideration must be given to the corrosive effects of

hydrogen sulphide on pipes made of concrete.

In order to protect pipes of non-resistant materials such as
concrete pipes against 'hydrogen'_sulphide attack, various kinds of control
measures have been developed and adopted. These control measures result
in higher cost of the pipes. However, weighed against the benefit of
longer life expectancy, the additional cost involved in adoption of these

control measures might be justi_fied from the economic viewpoint.

Infiitration into the sewer should be avoided as much as possible
to prevent inc_:rease of wastewater requiring treatment. Since one of the
main causes of infiltration is defective joints, selection- of joints is

' importaht .

Cost is one of ﬁhe main factors among the various factors taken
into account. If the other factors are sufficiently satisfied the least éxp:ehw
sive material should be selected for adoptidh. Cost is made up of two
ebmponehts. The first is the cost of pipe _inc‘ludihg joints and the second
is the cost o'f. handling; .transpbrtaﬁon and installation. In some cases, the
higher cost of pipe may' be offset to a certain extent by lower cost of"
hahdling, transportation and installation.  Therefore, - cost comparison

should be made on the basis of the combined cost of these two components.

In most sewe‘rage'projects, cost- of the pipe itself -accounts for a
relaﬁvely small portion of the total construction - cost. Therefore, the
higher coét,_fpr._better ':pipe,material_would only increase the overall project
cost by a small percentage. Benefits derived from the more costly pipe in
terms of longer life and reduction of maintenance cost might justify its

selection.



K.2., Pipe Materials

K.2.1, General

Several kinds of sewer pipes made of suitable matemals are locally
available in Malaysm at the time of writing of this report. These materials
are (a) vitrified -clay, (b) centrifugally-cast reinforced concrete, (c)
asbestos cement, (d) polyvinyl chloride (PVC), (e) steel, (f) cast iron and
(g) high-density polyethylene. Pipes made of other materials, such as
fibreglass reinforced plastic mortar (FRPM) and ductile cast iron are used
for sewe'fage systems in developed countries. These pipes are not locally
-manufacfured and thus generally higher in price than that of the afore-

mentioned pipes. Therefore, use of these pipes are not recommended.

K.2.2. Types of Pipe Materials

Description and comments on the various pipe materials are as

~ follows:

(a) Vitrified Clay ‘Pipe

Vltmﬁed clay p1pe is made of clay and quariz (S 0,). These two
‘materials are very common and. easily obtained in most parts of the world.
The clay mixture is used io form a dense homogeneous pipe, which is then
dried and finally fired in a kiln at a temperature of 1,100°C to 1,200°C,
Through' this prdceés, 'vitr‘ifi'c_ation is obtaihed and the clay pipe is trans-

formed into. hard, impervious, chemically inert pipes of sufficient strength.

Readily available sizes of vitrified clay pipe are 100, 150 225 and
_ 300 mm diameter. They are generally'available in lengths of 600 to 1,800
mm, depending on size and make. Larger diameter pipes can be made by
special order. However, the price of vitrified clay pipe inc‘:reases-sharp'ly
as the diameter increases. For. insténces the cost of 300 mm diameter pipes
and joints per length increases three timeés that of 225 mm pipes and j'oints,
while in the case.of concrete pipe, the increase is only 1.2 times. Th_é-COst
- of special order larger-diameter pipes ‘might be increased more sharply.

Therefore, use of such pipes is not recommended.



Thére are two manufacturers in Malaysia which produce vitrified
clay'pipes' énd joi'nts capable of meeting internationally acceptable standards
(pipe: B.S. 65&540, Part 1, 1971; joints: B.S. 658540, Part 2, 1972).
Each manufacturer adopts a different type of flexible joint; namely, rubber
ring joints and ringless joints. A rubber ring is used in one joint, placed
at the site, cither on a spigot end or on a socket end in the case of rubber
ring joints. On the other han'd. polyurethane gaskets bonded at the fac-
tory onto both the inner surfncé of the socket and the outer surface of the

spigot, are used in a ringless joint,

Joint flexibility, required to prevent' ground water infiltration,
cannot be provided by the previously used rigid cement mortar joint. Both
of the two types of joints mentioned above are sufficiently flexible to meet
or exceed the requirement of B.S. standard. The ringless joint is superior
to the rubber ring joint in water tightness and'ease of jointing but higher
in cost while the other properties are almost identical. One disadvantage of
the ringless joint is that in case the pipe is cut, the gasket on the outer
surface of the spigot 1s removed in the process. In this. case, the manu-
facturer recommends use of cement mortar, whlle the consultant is of the
opinion that a free-type "ga‘sket on the inner surface of the socket should

be used instead of cement mortar.

Supe'ri_or features -of the ﬁtrified clay pipe c'ompar'ed to pipes of
other materials are: chemical resmtance to almost every kind of substance,
~abrasion resistance and consequent durablhty Another advantage Is - its
variety of specials, such as junctions snd fittings. The main dlsadvantage
is its rather short length which reqmres more ]omts, resultmg in a longer
“time requ1red for mstallatlon and hlgher cost; however in some cases thxs.
d1sadvantage can be offset by the lighter weight of the shorter length p1pe

which prov1des ease of handling.

In ,smalier—diaméter pipes, for example, 225 mm or less, cost of
the vitrified clay pipe is lower than almost any other kind of material.
However,  as méntioned previously, cost increases -sharply as diameter
increases and the cost of a 300 mm diameter pipe per length is more than
1.5 times that of concrete pipe. . This difference may not be of much’ sig~

nificance  if its longer durability is taken into account. Furthermore, the



material cost of pipes forms only & minor portion of the total construction
cost of a sewerage system, Therefore, vitrified clay pipe for diameters up

to 300 mm is recommended for use.

(b) Centrifﬁgally-Cast Reinforced Concrete Pipe

Centrifugally-cast reinforced concretie pipe is commonly known as
concrete spun pipe, which is readily available in a wide range in diémeters
from 150 .to 1,950 mm. Length of the concrete pipe is 1.83 m for sizes up
to 375 mm, and 1.52 m or 3.056 m for larger sizes. Various classes, based
on Australian Sténdai’d 1342, 1973, are é’lso available for different loading
conditions. Extfa-s’frength pipes can be produced at the customer's re-
quest. Selection of the class of pipe depends on trench conditions, includ-
ing depth of earth covering, nature of soil and surface loading. There may
be a choice of pipe class and bedding combination under a certain ecircum-
stance., When a sewer crosses a road with heavy .traffic or when extra
covering depth is unavoidable, driving method can be applied for installa-

tion. Concrete pipes for driving method can also be manufactured.

For larger diameter pipes of more than 600 mm, ohly ‘those of
concrete and steel are available in Malaysia. Since the material cost of
rein_fo_fcéd conerete is much less than that of steel, it is naturally pr.efer—'
able to use concrete pipe where larger size pipe is

required.

One of the main problems with concrete pipes is that it is affected
by acids. Some protective measures are required to prevent pipes from
" both internal and .external corrosion. Prevailing protective measures are as

follows:

i) Use of limestone ag‘gregate, instead of ‘granite, provides alkaline

to neutralize acids, which slows corrosion of the cement. -

if) Use of thick wall pipes, providing an extra concrete lajrer which

can be corroded away without affecting its structural strength.



iii) Provision of internal lining or external coating with material more

resistant to acids,

~ The first two measures, as well as one of the third measures --
high alumina cement mortar lihing ~- merely increase life span by two to
five times that of ordinory pipes. Recently, a better lining material of
hlgher corrosion resistance; i.e. plasticized PVC, has come into use. 'Pipes
lined with this PVC lining are known as 'plastiline' plpes. The PVC lining
consists of an extruded sheet with one surface smooth and the other pro-

vided with integral keys to mechanically interlock with the pipe.

Because of the manufacturing process, the minimum diameter of
the plastllme pipe is limited to 675 mm and the cost is higher than that of
high alumina cement mortar hmng pipes by approximately 20 percent.
However, considering the total project cost, the higher cost of plastiline
p}pes is not so mgmfmant smce the larger diameter pipes form only a small
portmn of the total sewer network. Also, as mentioned before, the differ-

ence may not be of great significance considering its longer durability.

In order to protect concrete plpes from external attack whlch
usually results - from aggressive ground water, control measures are re-
quired, such as bitumen (asphalt) coatmg‘ on the outer surface of concrete
pipes. . Although this measure is not required so often, care must be taken
if the ground water contains acids or other aggresswe compounde. How-

ever, coating increases the pipe cost by approx1mately 20 pereent

_ There are three types of pipes accordmg to the types of end;
i.e., butt-end pipe, - ogee-end type and spigot-and- socket pipe. For the
sewerage project, _only the last type can be used because the first two
types can not provide joint ﬂex1b111ty, resultlng in ground water infil-

tration. A-rubber ring is used in ]omtmg ‘spigot-and-socket pipe.

Taking into account the above-mentioned considerations, concrete

_pipes are recommended for use with the following types of lining:



Pipe Diameter - Lining

375 to 600 mm High alumina cement mortar

675 mm and above PVvC

(c) Asbestos Cement Pipe

_ In wateér supply system, asbestos cement pipes (A.C. pipes) have
long been used. A.C. pipes for non-internal pressure are also produced
and used for the sewerage system. Accordingly, there are two types of
A.C. pipe; namely, pressure type and non-pressure type. Pressure type
A.C. pipes are classified, according to the pressure which the pipe must
withstand, into four classes; i.e., A to D. Non-pressure type A.C. pipes
are classified according to crushing strength into two classes: Class 35
and Class 50. .

The diameter of readily available A.C. pipes are from 100  mm to
600 mm. The pipe length is 4 m, which is longer than most pipes of other
materials, due to the lightness of the material. The longer length of the
A.C. pipe reqﬁires a fewer number of joints, resulting in smooth flow

characteristics and shorter installétion time.

A.C. pipe is manufactured from a homogeneous mixture of asbes-
tos fibers and Portland cement. This mixture is transferred into a pipe
‘machine to form the pipe, following which it is dried and subjected to an
“autoclave p'rocess. The pipes are autoclaved in an atmosphere of high-
pressure saturated steam at 180°C. Through this process, free lime which
is readily attacked by s.ulphuric acids is transformed into a more chemically

stable compound. However, perfect transformation can not be expected.

The main disadvahtage of the A.C. pipe is its shock load weak-
. ness, which reqﬁires special care in handling, particularly in installation
and backfilling. Bedding for A.C. pipe- should also be selected carefully.
On the :other haﬁ_d, other advantages of ‘the A.C. pipe are cutting ease and

low cost, which is lowest of all types of pipes.



Taking mto consideration the above ~mentioned factors, A, C pipes
up to 600 mm diameter are rccommended for the force main. In the case of
the force main, sulphide build-up problem is not significant and interr_lal

pressure-resistant pipes are required.

(d) Polyvinyl Chloride (PVC) Pipe

PVC pipes with diameter ranging from 13 mm to 300 mm are locally
manufacturéd in' Malaysia. The length of PVC pipes is usually 6.6 m, the
longest among the types of pipes discussed here. The cdhnectionq can be
easily carried out by either PVC fittings and solvent cement or rubber ring
socket., . They are generally used for household plumbing in Malaysia.

They are also used widely in water supply pipes of smaller diameter.

PVC pipe is well known for its ouistanding properties and pel—
__form'an'ce. It resists corrosion caused by acids, alkalis, oils and salts; it is
'lightweight and its low coefficient of roughness impedes the build-up of
deposits. It has high tenslle strength but not bemg as strong as steel or
cast iron, it cannot withstand sharp blows or shock. These factoxs give
the PVC plpe such advantages as ease of handhng and installation, water
t1ghtness and corrosion resistance. - On the other hand, the PVC pipe

requires more care in backfﬂhng and making beddmg‘

- As the PVC pipe beiongs to the thermoplastic groo.p, it expands -
when heated and becomes so'ft.__ Due to this thermal 'éxpansion, the pipe
connection is not tight after iaying and cooliﬁg in the trench. Aléo, PVC
p1pes are su‘o]ect to deterioration if exposed to ultra -violet hght So the
plpes should be kept under cover to prevent exposure io sunhght Théy
can salso be attacked by certain kinds of bacteria or mold, and in some

cases even by rats.

PVC pipes tend to become more brittle with age, so great care
should be taken when laying the pipes to ensure an even bedding without

large stones which may later lead to point load being appliéd to the pipes.

Taking these above-mentioned factors into deccount, the PVC pipe

is not recommended.



(e) Steel Pipe

Steel pipes are locally manufactured in diameter sizes. from- 150 mm
to 2,000 mm. Various standard lengths up to 8 m. are available. As
mentioned before, there are::onl'y two materials available for diameters larger

than ‘600 mm; namely, steel and reinforced concrete.

The most common jointing method is the spigot-and-socket joint
with rubber ring. It can also be welded internally on diameters of 750 mm
and larger. However, welding requires high skill to ascertain water tight-

ness. Both of these methods provide sufficient flexibility.

Steel pipes are readily attacked by acids, thus internal and
external lining is mandatory. The internal lining may be coal tar enamel,
bitumen or cement mortar. The external lining may be asbestos felt wrapp-
ing or bitumen.’ Ho_weVer, these linings are less reliable and easily ‘broken
by impact because of the smooth surface of pipes. These difficulties, as
well as the high cost of the material, result in less use of steel pipe for

gravity sewers,

‘Steel pipes are also corroded by electric current under certain
'soil_ condition. In this case, an additional external. cathodic protection
should be provided.

A particular advantage of the steel pipe is that it can be easily
changed to fit any obstacle encountéred; namely, river, culvert, etc. which
may reduce the cost of excavation substantially. Other advantages include

its superior strength.

From the above-mentioned considerations, steel pipes are recom-

mended to be used for force main.

(f) Cast Iron Pipe

Cast iron pipes of ‘up to the 100 mm in diameter are locally manu-
factured in Malaysia, but pipes of larger -diameter can be produced by
special order. The length of the pipe is 4 m. Spigot-and-socket type



joints with flexible O-ring and flanged joints are available. Cast iron is
relatively brittle compared with steel, Cecment mortar or bitumen is also

applied for internal lining.

Advantages of the cast iron pipe include availability of a wide
1ange of fittings, resistance to shock and superior strength On the other
hand main disadvantages are its high cost, heavy weight and  relative

unreliability of local manufacturers.

Therefore, the cast iron pipe is not recommended for use m the

sewerage system except for pipings in pumping station and tre_atmerit plant.

(g) High Density Polyethylene Pipe

Recently, high density polyethylene (HDPE) pipes with diameter
from 300 mm to 1,500 mm have come to be locally manufactured. These
HDPE pipes have external extrusion in the form of regular corrugation

along the length of the pipes.

HDPE plpes can be jointed e1ther by splg‘ot and-bell system or
welding method. Both of the joints as ‘well as the plpe itself promde suffi-
cient'.ﬂexibﬂity to sustain water tightness, Other superior features of -this
pipe ‘include its light .weight, abrasion resistance and lower roughness

coefficient.

These plpes have only recently been used in Malayswz and its use
at present is confined to the mining industries. In some neighbouring
countrles, they are used in the sewerage system However, performance

results have yet to be evaluated.

(h) Fiberglass Reinforced Plastic Mortar Pipe

Fiberglass reinforced plastic mortar pipes (FRPM pipe) have cur—
rently come to be used for sewerage systems in some developed countries,

but are not yet loecally manufactured in Malaysia.
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There are several kmds of FRPM pipes according to the manu-
facturing process and pipe structure. However, fundamental structural
components are plastic mortar and fiberglass reinforced plastics, the
former sandwiched by the latter which forms the inner and outer surfaces
of the pipe. The pipe wall is thin, made pcssiblc by the high strength of
fiberglass reinforced plastics, which results in a light weight pipe. - High
corrosion resistance and low roughness coefficient are among the advantages

of this pipe.

Since the manufacturing "prccess for this pipe is more complicated
than thosé for pipes of other materials, its cost, especially of the smaller
diameter pipes, is comparatively high. In medium and larger diameter
pipes, the higher price of materials can be offset to some ei(tent by the
lower cost of handling, transportation and installation. Thus, the larger,

more than 500 mm, diameter pipe is most commonly used.

Taking into account the current price increase of petro-chemical
products, FRPM pipes are expected to be used more often than other pipes,
such as the PVC pipe.

(i) Egg-shaped Vibrated and Compressed Concrete Pipe

Egg—'shape'd, vibrated and compres_séd concrete pipes. have also
recently been introduced for sewerage use. Its sup'erior flow characteristic
perm1ts installation at a more gradual gradient than that required for cir-

cular pipe, resulting in overall energ‘y conservation of the sewerage system.

The egg shape is obtained by use of dense (less than 38 percent
of water-cement ratio) concrete and by a manufdcturing process using
vibration and compression instead of centrifugal force as used in manu-

facturing circular pipes.

‘Sinee the material used is concrete, quality, durability, st_rength
and other characteristics are basically the same as those of centrifugally-
cast reinforced concrete pipe described previously. The same methods for
installation and jointing as well &8s kind of bedding can be applied for the
egg-shaped pipe, as for circular conerete pipe.
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At present, only the smaller, less than 500 mm, diameter pipes

are being used in Japan and those of larger diameter are expebted' to be

manufactured later.

K.2.3.

Recommended Pipe Materials

Based on the considerations discussed in the foregoing section,

the following pipe materials and suitable joints are recommended for adoption

in the Kelang Sewerage Project.

(a) Gravity Sewer

(b).

i)

i)

Diameter up to 300 mm

Vitrified clay pipe with either rubber ring joints or other

flexible joints.

Diameter 375 mm and: above

Centrifugally-cast reinforced concrete pipe with high alumina
cement mortar lining (up to 600 mm) and PVC lining (675 mm '

and ébove). Spigot-and-socket type pipe with rubber ring.

Force Main

i)

i)

-Diameter up to 600 mm

Asbestos cement ‘pressure types or steel bipe with .cement

mortar internal lining and bitumen external lining.

Diameter 675 mm and above

Steel - pipe - with cement mortar internal lining and bitumen

‘external lining
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APPENDIX L. SELECTION OF PUMP TYPE

L.1. Alternatives Considered

| In order to select the most suitable pump type for the prdposed
sewerage system, a comprehensive study has been carried out. Pump types
discussed are 1) Subm'ersiblo p'ump and 2) Vertical centrifugal plimp.
Another type of pump; i.e., serew pump, is considered to be appropriate
for handling sewa'ge. However, the total head of two pumping stations are
beyond the practical limit of the screw pump. If the screw pump is adopt-
ed, tWO-—staged pumping would be re.quired and its economic disadvantage,

compared with the other two types, is obvious.
- Two pumping stations; namely, Kg. Kuantan “and Connaught
Wastewater Treatment Plant (CWTP), are constructed during the First

Phase. Specifications of these pumping stations are shown in Table L.1.

Table L.1. Specifications of Pumping Stations

o . Capacity (m?/min.) Number | Total Dynamic
Name of Stations Daily Ave. Peak " of Pumps  Head (m)
Kg. Kuantan 11.3 29.2 3 15
CWTP | 232 | 533 | 5 12

1..2. Estimated Capital Costs

‘Capital costs for the two 'alternatives have. been cstimated on the
basis of engineering design. The results of the estimation are shown in
Tables L.2 and L.3, ~ o



Table L.2. Construction Cost for Kg. Kuantan Pumping Station

{Unit: MS$1,000)

Submeréible Centrifugal
Civil Works 298 328
Architectural Works 240 240
Mechanical Works 403 467
Electrical Works 377 377
Land ‘Acquisition Costs ' 22 22
-Total 1,340 1,434

Table L.3. Construction Costs for CWTP Pumping Station

(Unit: M$1,000)

Submersible Centrifugal
Civil Works ' 871 . 960
Architectural Works 240 240
. Mechanicél Works - 512 550 
Electrical Works 1,041 ) 1,041
Total 2,664 2,791

L.3. Estimated Annual Operation and Maintenance Costs

The estimated cb_sts for operation and maintenance are based on
the proéédu_re__ descr}ibed in Section 6.1.5 of the current Report, Annual
cost for repairiné civil WOrks and buildings is assumed to bé 0.25 percent
of construction cost and that for mechanical and electrical wofks is assumed
to be 2 percent. Power cost is es_fimated based on the prevailing unit cost
of M$0.17/kWH, |



As described in. Section 6.1.5, Kg. Kusntan Pumping  Station- is
planned torb_e maintained by workers in Connaught Wastewater Treatment
Plant., The nurhber of ﬁersons required to operated and maintain the CWTP
pﬁmping‘ station is estimated to be two persons for either submersible or
centrifugal pump. Annual dperatibn and maintenance costs for the two

pumping stations are summarized in Table L.4.

Table L.4. Operation and Maintenance Cost

(Undit: ™$1,000/year)

Submersible . Centrifugal

Kg. Kuantan

Power Cost . 86 91

Repair Cost 17 18

Total 13 109
CWTP

Manpower : 8 .8

Power Cost 70 75

Repair Cost _ 34 _ : 35

Total 112 118 -

L.4. Total Annual Costs

For cost comparison, all costs are expressed on gn annual basis,
using the average life of the components, i.e., 30 years for civil woi*k_s and
buildings and 15 years for mechanical . and -electrical equipment. It is also
assumed that annual depreéiation payments into the sinking fund’ would
grow at 10 percent per annum,  The estimated {otal “annual- 'cosf_s “for the
alternatives according io type of pump are summarized on T-able.s_ L.5 ‘and
L.8.



Table L.5. Total Annual Costs for Kg. Kuantan Pumping Station

(Unit: M$1,000/year)

Item Submersible " Centrifugal
Interest at 10% 97.4 104,3
Depreciation

Civil and Architectural 3.2 4.3
Mechanical and Electrical  24.5 25.5

0 & M Cost 103 ~.109
Total | 228.1 242,72

Table L.6, Total Annual Costs for CWTP Pﬁmping Station

(Unit: M$1,000/year)

Ttem Submersible Centrifugal -
Interest at 10% . 193.8 203.0
Depreciation

Civil and Architectural 4.4 7.2

. Mechanical and Electrical 48,9 50,1
0 & M Cost S 112 118

Total 349.1 . 378.2

L.5. _Conblusion

As shown in Tables L.5 and L.6, total annual costs for the two
- pumping stations are lower in the case of submersible pumps, compared with
that of centrifugal pumps. Advantages and disadvantages of -the sub-

mersible pumps are summarized below:



L.5.1,

1)

2)

3)

4)

L.5.2.

1

2)

Advantages

Since the submersible pump is installed directly in a wet well,

elimination of the dry well substructure results in reduced cost.

Because of its structure, the submersible pumps station presents

fewer problems with respect to flooding.

As the motor is directly connected to the pump, the subme_rsible
pump does not have a long shaft, which would otherwise require
lubricating of the intermediate bearing box. This makes the

overall pump efficiency higher than that of the other types.

‘Since the submersible pump is placed completely in the water,

there will be less noise, compared with the other types.

Disadvantages

One of the disadvantages of the submersible pump is that when
pump cleaning 'is neceSsary, the unit must be completely with-

drawn from the wet well before ény work can be done.

Another disadvanta'ge is its size limitation large diameter pump,

for instance more than 1,000 mm can not be manufactured, while

practical limitation is less than 1,000 mm.

In _view of the abbve, it is reasonable to consider that the advan-

téges expecfed from adoption of the submersible pump exceed the disadvan-

tages in the case of both Kg. Kuantan and CWTP pumping stations.
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