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CHAPTER 1 -
SUMMARY

The purpose of this study is to devélbp';he drainage feasibility
_ study in the most technically and economically feasiblé manner to

meet both imediate and future requirenents for Solﬁing the Flood
'pfobléms in the Study Area. All the works under this study are
established in principié in accordance with the scdpe'of work
ackﬁOWledged by the Govérnﬁeht of Malaysia which defines in developing
the plan for the secondary drainage system in line with the trunk
draiﬁége system recommended in the Mastér Plan prepafed by SDID,

with the'preliminéry engiﬁeering design for both trunk and secondary

drainage system in the area.

The Study Area covers the total area of 187 ha (462 acres) which
is basically identical to the area for sewérage'feasibility 5tudy
presénﬁed in separated report, Volume IV "Sewerage Feasibility Study".
Due to the topographic conditions.of=the-area,'aﬁprogimétely 170 ha
(420'acreé) of - tributary outsidé of the Study Area is also considered
for calculating the drain capacities'beCause.the tributary contributes
its storm runoff to the Study Area, with comsideration on strength~
ening‘EXiéting trunk drain in the tributary area. Hence, the total

area conéerned'to=tﬁis study is 357 hé'(882 acres).

For the drainage study, 311 avéi1abie information and data have
been collected from the variots agencies concerned, including
topographic and street mapé, éughented by actual'fiéld survey on
nuisance flood prone area and conditions of existing drainage systems.
The results of the survey and investigation, and their evaluation

of existing drainage conditions are concluded as follows:

:~ 8ince the Study Area is situated in low-lying and flat with ground
elevation ranging from 1.4 m (4.6 ft) at the lowést; to 2.4 m

(8 ft) at the highest, major parts of this area are subject to be



_.effegted by back-water from.;he.twd_rivers, namely Sg. Kedah and
zsg._Anak Bukit, and 5rg'floo&ed frequently by river inundation,

| -ESbeCially when the river &atér reaéhés in the more than five

year flood levels. This is.one of.the'main causes of local

flooding in the Study Area.

The existlng dralnage eystem consists of o trunk drains, namely
Sg. RaJa and Sg. Derga, and various types of secondary and infra-

structural drains, including-those facilities of bridges, box

"~ culverts and pipes. The trunk dralns are basically natural stream

w1th earth channel with various width and depth, and are heavily
sxlted with abqut 1 meter or more in depth, with insuffiéieht
capacities to qéter for'the_surface runoff from the présen:.ground
conditibns, thus resﬁltiﬁg in the need for immediate impréVemeﬂt.
The secondary and infrastructural drains have generally been.weil
provided and worklng satlsfactorlly so far, under suitable con-
gstruction and apprOprlate malntenance carrled out by the concerned
agenc1es, some of which, however, require to be enlarged.and
‘lined to increase it capaciﬁy to éope with the runoff increases

in the future, due mainly  to the progress of urbaﬂization of. the

area.

In view of the overall ex1st1ng dra1nage system, the Study Avea
can be d1v1ded into 3 independent drainage ba51ns consisting of
one major basin and two minor basins same as the delineation
made'in thé Master Plan prepared by SDHID. Out of these ba51ns,
the major basin lles in the centre of the town coverlng major
part of commercial and re51dential areas, and the others are
51tuated at. both side of the major basln The btorm runoff
: orlglnatlng from tne major basin is flISL coTIected by many of
smaller dralns and then dralned_put into phe exlstlng trunk drains
referred aboﬁé;; These trunk drains are cbnnéctéd finally to-the
Sg. Kedah._ In the minor baéins, collécted stormWater by maﬁy-of
EX15tlng smaller drains flows dlrectly 1nt0 either Sg Kedah or

Sg. Anak Buklt w1thout trunk drain.



On the b331s -of the findings and evaluation of the existing
drainapge system, and taking ineo conqideration of the Maqter Plan
proposals prepared by SDID, the mqst desirable layout of the drainage
system has been first made and:then prelimiﬁary eﬁgineering-desing
for the facilities required in:the 1ayout.has been provided for

solution of flood problems in the following:

- The design works of -the dralnage facilltles propoqed is basically
in accordance with those recommended in DID's "Plannlng and
Design Procedure No. 1 Urban Drainage Design Staridards and
Procedure for Peninsular Malaysia", and Master Plan proposals by

SDID.

~ In three independent basis mentioned earlier which are named as
- S5g. Raja Basin, Langgar Basin 'and Putera Basid, the trunk drain
would be considered only in Sg. Raja basin which is the larpest
basin among the three, using the existing Sg. Raja and Sg. Derga,
while the minor basins have no provision ‘of the trunk drain,
since, within these'basins, there is no per catchment area
exceeding more than 40 ha (100 acres) in which the‘trunk drain
should be provided. These minor basins shall be provided with

the secondary and infrastructural drains.

- In:developing the most desirable layout:of trunk drainage system,
two alternatives of trunk=dréinage system have been considered
based on a réview and evaluation on the trunk drainage system
proposed in the Master Plan by SDID including those facilities
of floodway, pumping station and reservoif, and evaluated on the
basis of the economic analysis and adequacy of the preliminary
engineering design for the requiréd facilities.for the system.
The pro?osed drainage facilities'coverihg the need for fore-
seeable future include-trunk and secondary drains, floodway,
pumplng statlon, reservoir, embankment and other related facilities
as shown in Figure } 3 of the present report._ The proposed route ..

of the trunk drain is ba51cally same as that of the existing



Sg._Rajd and Sg. Detga. .The type of this drain is of rubble wall
with.mortar 1ianing using wire nets by way of improving the
exis&iug,natural water coﬁrses,.taking into account the advantage
on hydraulic,'economic and esthetic points.: To protect the whole
=Study;Aréa froﬁ backing.ub of the river water, the outlet gates
have been proposed to be installed at the outlet of trunk and
secondary drains. Further, for protection of river flooding
especially in low-lying area along the Sg. Kedah, embankment is
proposed from Jl. Raja'to_railway along the Sg. Kedah. In order
to drain out the storm runoff to the Sg. Kedah, pumping station
‘and reservolyr are required at the upstream of Sg. Kedah. These
facilities shall be operated after élosing the outlet gate when
' the river water flows affect to the urban drains. In connection
Cwith these fécilities, the floodway has also been proposed to
convey the storms from the outlet of trunk drain to the reservoir.
In the area nof surved by trunk drain, and recommended. The
networks proposed for the secondary drain which shall surve per
ares of approximatelj 4 ha.(lo acrés) is basically in accordance
with the éxisting network system identified based on the:findiﬁgs

of the survey carried out during the course of the field works.

On the basis of the preliminary engineering design, and
procedure for estimating the cost as developed in this studj, the
total_constructioﬁ cost, 'and operation and ﬁaintenance cost per
year of proposed drainage system are estimated to be approximately
M$ 16,800,000 and M$ 225;000 per year at 1979 price level respec—
tiﬁely; including trunk, secondary and infrastructural drains,
pumping station, reservoir, fleocodway and embankmenp.- The estimated
total_constructidn cost is to be all shouldered by the Government,

because the Study Area is already urbanized area, and consequently

no facility is expected to be constructed by private contribution.



Although the facilities required for provisfon of an adequate
drainage system for the Study'Area have been identified and recom-

mended together with their cost required, as mentioned above, the

-implementation of these faecilities depends on the older of priorlty

together with the reasonable amount of capital-lnvestment taklng

the time. factors involved for comstruction into account. Thus

careful analysis has been made to establish the most appropriate

implementation sehedule:for the first phase ﬁrogramme covering .
the 5 years from'lQSl.to 1985 among the possible alternative
consideration, and then, a reasonable disbursement programme for
the first phase implementation has been developed, including the
constrection, and.operaLion and maintenance costs. The cost
requlred for the programme over the 5 years from 1981 to 1985 is
to he approxlmaLely M$ 4.4 million at 1979 price, M$ 6.1 mllllon
at escalated price with 8 percent. per annum escalatlon factor
from 1979 price level of construction worke, and M$ 0 2 mllllOH
of operatlon and malntenance works for the same period, with those

facilities of trunk and secondary dralns, embankment and other

_ related facilities exciuding the floodway, pumping station and’

reservoir.

" The financing arrangement is proposed to meet the total capital
cost required for 5 years constructiOn of the proposed drainage
facilities with due conslderatlon on existing fundlng practlces

for the drainage works.

'Municipal Council Kota Setar, the proposed executive agency
of the draiﬁage_project,.is recommended to arrange the funding
under the_provisions of the Local Government Act, in accordance
with the disbursement programme as shown in the Table 10.3 of this
report either by the funding assistance from Federal Goveroment or

its own annual budgetary allocation.



. Various types of benefit will be derived from the implementa-
tion of the recommended drainage programme. The anticipated

benefits include the prevention of the occurrence of flood damage,

improvement of public health and convenience of community, increase

of land value. Alth0ugh most of the benefits are not fully

quantifiable, it is evident that there will be high social benefits

together with the environmental improvement of the .area.



'CHAPTER 2
INTRODUCTION

The pufpbse of this repdrﬁ.ie to .present the dfaiﬁage feasibility
study which will be technlcally sound and economlcally feasible from
among the’ e0n31derab1e alternative programmes in order to prov1de
adequate drainage system to meet both immediate and future requirements

including fleod problems for the Study Area.

Since the comprehenslve dralnage master plan coverlng the area of

Alor Setar and 1te urban environs 1nclud1ng the SLudy Area has been
prepared by Drainage and Irrigation Department (SDID), State Government
of Kedah, the basic concept end‘eorks necessary for this sfudy are
identified on the basis of those recommendation of the Master Pian.

‘The pfinciple'for the'wofk considered”for this study;‘therefore! is

.as defined in the scope of work acknowledged by the Government of
.Halayeia; to develop the plen for the eeceneary drainage ‘system in
line with the trunk drainage system recoﬁmmnded by SDID; and to provide
the preliminary'engineering design of both frunk_and eeeondary.draiﬁage

system for the Study Area.
The studies carried out under the Project include the followihg:

a) Delineatioﬁ of‘the Stedy'Area considering the'contfibution area,

b) Pr039ction of land use pattern, ' '

.c) Development of de51gn basis, _

d) FEvaluation of exlst]ng sys:em and rev1ew of Master Plan,

e) Development of overall layout plannlng and prellmlnary engineering'
design, . '

f) Estimation of constructlon, and operatlon and maintenance costs
for the facilities of the overall system,

'g) Establishment of construction and disbursement'programme for the
5 years implementetion of which selected among the facilities of

the overall system,



h) Cohsideration of Financial arrangement

i) Evaluation of benefits

During the course of* field works undet the Project, detailed
field reconnaissance and surveys have been carried out to identify the
problems as to the present condltion of the dralnage system for the
Study Alea,.and then requlrements for dralnage improvement have been

evaluated.

. On the basis of findings on evaluation of the existing systém, a
review ef the_truﬁk'drainage system proposed in the Master Plan in
terms of the. Stu&y Area has'beeheshdertaken carefully considefing the
pOSSlble altelnatlves w1th respect to the 1ayout and capacity of the
System, and the most’ appropllate drainage system has been then estab-
llshed_for the Study Area together with development of the preliminary

engineéring design of the system.

U51ng the results of the prellmlnary englneering design and cost
estlmates for the fa0111t1es requ1red in the overall system, a desirable
'_magnitude for the first phase programme_whlch will meet the immedlace

requirement for'alleviatien of the existing flood problems for the
Study Area has been first made considering_the order of priority for
implementation together with a reasonable.amount of investment to be
financed by the Governmenf, and then=the mos£ preferable disbursement
'programme has been developed for the first 5 years dralnage 1mp1emen—
.tatlon, as recommended in this study Although the benefits to be
.expected from the proposed dralnage system are 1ntang1ble and dlfflcult
to be qusntlfled varlous types of benefits have been also given on

the ba51s of the recommendatlon made in thls Study



CHAPTER 3
STUDY AREA

. As determlned by the scope of work agreed beLween both of the
Coﬁernments, the area for drainage feasibility study is baslcally
identical to the area for Sewersge Fesslblllty Study presented_ln
separafed volume which covers an ‘area of 187 ha (462 acres) Alss,
according to the delineation made in the Master Plan by SDID, this
area is further identified w1th 1ndependent drainage basins which are
mlnor catchment 'X3', and a part of minor catchment 'Y1' and Sg. RaJa

catchment.

The basic didea for delineatien of the Study Area is therefore,

to cover the area necessary for alleviation of the existing flood
problems in terms of the urbanized area, 51nee the - urbsnlzed area whlch
lies w1th1n the centre of,Alor Setar town comprising the maln commer—
¢ial ‘and residential areas has been currently experlenced of the flood
problems durlng the monsoon season, and to cover the area whlch will

be expected the sanitary improvement by means of the prov1sron of both
seyerage and drainage concurrent to be implemented in the first phase

programme .,

Due to the topographic conditions of the area, approximately
170 ha (420 acres) of tributary outside of the Study Avea is further
considered. for calculating the drain capeéities_because the tributsry

contributes its storm runoff to the Study Area, .

Hence, the total area_cqncerned for this drainage.feasibility
study under this Project is 357 ha (882 acres) apprsxiﬁately as shown
in Plgure 3.1. The development of the drainage system including trunk
and secondary dralns w111 however be for the Study Area covering the
area of 187 ha referred above, but. the trunk drainage system in the.
trlbutary area wrll alsé be considered in connection with the drainage

system in the Study Area.
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. CHAPTER 4
LAND USE.

- The characteristics of the storm water runoff is significantly

- affected by tHe land use pattern of the area, and the description in
this chapter is to serve the requirement for the design basis for this
study. The éétiﬁated land use ﬁattern in both present and future.for

this study is as follows:

4,1 Present Land Use

As has been discussed in the Sewerage Study on both Master Plan
and Feasibility Sfudy presented in separate volumes, the present land
use pattern in the Study Area is divided appropriately into six cate-
gories namely (1) residential, (2)'commercié1,‘(3) institutional,

(4) mDSques,-(S) schools, and (6) open space. Further, since the
drainage study concerns the area of tributary outside of the Study
Area, land use of such area is also evaluated, on the basis of the
latest available information and data obtained during the course of
the survey, with due consideration on two other categories, namely

(1) railway and (2) agricultural area.
The estimated acreage of the present land use for those areas

including the Study Area and tributary area according to the identified

categories is pregented in Table 4.1.
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Table 4.1 Present Land Use in 1979

. ' . . Prorated
Land Use Study Area rributary Area _ Total Ratio
(ha) (ha) - (ha) (%)
Residentlal area 75.6 129.2 204,8 57.4
Gomnercial area 55.9 3.1 59.0 16.5
. Institutional area 14.8 0 14.8 4.1
Mosques 1.5 6.6 8.1 2.3
Schools. 30.7 1.8~ 32.5 9.1
Railway 0 21.0 21.0 5.9
Open Space 8.5 6.0 14.5 4.1
Agricultural area 0 2.3 2.3 0.6
Total 187.0 170.0 357.0 100.0

4,2 Futufe:Land Use

S]nce the Studj Area has been almost urbanized the future land
use pattern may not change 51gn1ficant1y from the present pattern.
However, certain mpdiflcatlon_has to be_pon31dered alpng_the line of
the e%paneioe of meinly in the_commercial areas, gue to the increase of
'comﬁercial aetiﬁities and accordingly the popuiation growth is considered

slgnificant.

On the basis of tﬁe above consideration, discussion was made with
the Government officials concerned to the Project, end_consultetion
has been given as some of the present residential .arvea be converted
.1ato the ceﬁmerciai afea. Accordingly, future land use,pattern.is

modified from the present land use pattern.
The estimated acreage of the 1and use in the future according to

the each categories identified in the present land use pattern is

presented in Table 4.2.
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Table 4.2 Future Land Usé in 2000

Land Use Study'Afea Tributary Aﬁea Total Prgzz;zd
(hg) (ha) (ha) %)

Residential area 45.6 122.9 168.5 47.1
~Commercial area : 97,0 15:3 112.3. 31.5
Institutional area 12.2 0 12.2 3.4
Mosques ‘ 1.5 6.6 8.1 2.3 .
Schools 30.7 1.8 32.5 9.1
Railway 0 21.0 21,0 5.9
Open Space 0 2.4 2.4 - 0.7
Total 187.0 170.0 357.0  100.0
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CHAPTER 5
DESIGN -BASIS

Deéign basis_presented herein are basically in accordance with
those recommended in DID's Planning and Design Procedure No. i, "Urban
'Drainage Standards and Procedure for Peninsular Malaysia", and also
the results of the discussion made with the Governmenérofficials _
concerned to the Project, Followings are brief description'on the

design basis adopted for the study.

5.1 River Water Level Used for Design

Since the Study Area lies wifhin the tributaries of two rivers
namely Sg. Kedah and Sg. Anak Bukit, the dischéfge of ﬁhe stormwﬁter
runoff drigina;ing from the Study Area is significaﬁtly affected by:
the river water levels, so that the river water levels should be
taken into consideration in this study, in order to carry out the

actual design of drainage system for the Study Area.

In accordance with the study in the Master Plan prepared by SDID,

i—year river flood levels resulted from the hydrological analysis of

- river flood flows on the basis of the statistiéal data is applied as
the basis_fof our design of urban drainage system. This water levels
is when l-year frequency river flood flows coincide with the high
water level spring tide as 1.68 m (5.5 ft)} at Kuala Kedah, and also
would be equivaleﬂt to the levels caused when the river flood flows
with 5 year frequency coincide with the mean high water sprlng tide

of 1.5 m (5.0 ft) at Kuala Kedah.
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The river water level applied as l-year river flood level mentiloned
above is 1.71 (5.6 ft) at the confluence of two rivers namely Sg. Kedah
and Sg. Anak Bukit., Further, the 100-year frequency river flood flows
arc also considered and .applied for the purpose of checking the trunk
drainage system together with the bund alignments same as the recom-
mendation made in the Master Plan. This water level applied at the

confluence of two rivers referred above is 2.23 m (7.3 ftr).

5.2 Stormwater Quantities
5.2.1 Runoff Formula

The "Rational Formula" with a storage coefficient is applied for

estimating the stormwater runoff, which is expressed below:

Q = *“'1_'4' CS.C.I-Av

360
where Q : peak discharge of return period T-year (m3/sec)
T : average intensity of rainfall for duration equal

to the time of concentration tc and a return
périod T-year (mm/hr)

A : catchment area (ha)

c: runoff coefficient

Cs: storage coefficient which is expressed as

2tc
2te + td

Cs =

. te: time of concentration (min.)

td:’ time of flow in the drain (min.)
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5.2.2 Rainfall Frequéncy for Drain

The national staundavd for the avervage frequencies of rainfall
occurrence 1s used for the drainage design for the respective land

©usa pattern as follows:

Residential area ' 2-year

Commercial avea 5-year

For main drains setrving wider tributary area, only 5-year frequency
is fecommended because they generally'flow'through areas comprising

various types of land use pattern.

5.2.3 Rainfall Intensity ~ Duration ~ Frequency Formula

Rainfall intensity is expressed in the form of intensity-duration—
frequency curves devéloped for Alor Setar as follows:

IZ—year frequency Ig = %4%2%5 “(mm/hr)

9,145
£t + 49

100-year frequency 100 = %éiég% {mm/hr)

5-year frequency Ig = {mm/hr)

5.2.4  Runoff Coefficient
-The_récommended runoff coefficients are as follows:

Regidential area o G.65

Commercial & Institutional area 0.85
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5,2,5 Time of Concentration

The ‘time of concentration consists of the inlet tinmiqf runoff
flow over the grohhd-sh;fabe to the nearest drain plus. the time of
flow in the drain from the most remote inlet to the boint uﬁder con=
sideration. The recommended inlet time of flow is 7 min, but the
time of flow in drains is estimated depending upon the hydraulic

properties of the individual conduit.
5.3 Drainage Facilities
5.3.1 Storm Drain

(a) Flow Friction Formula

For the hydraulic design of open channels, the Manning's Formula

is applied and expressed as follows:

11
v =1g3.17

|

where V: velocity (m/sec)
n: roughness coefficient
hydraulic radius -{(m)
I: gradient
I.I 11

The value of "'n ié depending upon the type of drains as defined

below:

. Conerete drain

0.015

caétminnplaee ‘n =

precast . n = 0.013
Wet_masohry'draiﬂ- n =-0.025
Earth drain ' n = 0.030
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(b) .Velocity of. Flow
~ Considering the prevention of deposition of grit and sand in storm
drains, and of erosion of drains, the minimum and maximum velocities

for various types of drain are recommended below:

:Recommended Maximum and Minimum Velocities

Type of Drain o " Design Velocity (m/se@)
. : Minimum Maximum
Concrete Drain 0.6 3.0
Stone Drain _ ' 0.6 2.5
Grass Lined Drain 0.6 - 2.2 (1)

Earth Drain 0.6 1.0 (2)

Note: Data Source (1) DIS's Procedure

(2) Portier Sroby

{c). Drain'Facilities

Facilities for the drain may include open channels, box culvert,
pibe and bridge. The details of the requirements of these facilities
will be made in the actual design, taking into conéideration of the
local situation as presented in the succeeding chapters. Discussions
necessary for design basis of these facilities as required in this

study are made as follows:

(i) Opeﬁ channels
Open' channels considered_for this study include, (1) trapezoidal
earthen channels, (2) trapezoidal rubble wall channels, and

(3) U-shaped_chaﬁnels either of precast or cast-in-place.

Side slopes of trapezoidal drains are determined conforming.to

the standards as illustrated in Figure 5.1,
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Increase of the ratio of -depth to width will: raise the direct
construction cost, but.cut down the cost of land acquisition.
The optimum ratio of the two is therefore selected in the pre-
liminary cngineering design, taking specific local conﬂition

into account, so0 the drains are designed most economically.

‘For the rubble wall drains with surface linning using wire nets
is recommended. The advantages. of linning is of (1) increased
capacity with smooth surface, (2) reduced land requirement and

(3) easy maintenance.

{(ii)  Box cul§ert

At a road crossing, box culvert is generally used. Where traffic
is heavy, it is preferable to use precast box culvert available
in Malaysla. Currently the avallable market size of the precast
box culvert is limited to small ones, hence multiple numbers of
box culvert may be laid in parallel to flow the stormwater in

large capacity drains.

(iii) Pipe .

Pipe are also used for road crossing of small drains. The pipes
should genefally be of centrifugally case reinférced concreté
with sufficlent strength to sustain the heavy traffic loads

expected.

5.3.2 Pumping Station and Reservolr

In developing the plan for the trunk drainage system for the Study
Area, pumping station and reservolr are considered at the outlets of
trunk drainage system for cutting off back water from rivers, lifting
out stormwater runoff and reducing the -peak stormwater runoff discharged
w1th1n-the area. These facilities shall be provided as an lncorporate

system together with provision of levees: of gate.
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Generally, it.is however noted that. the puﬁping station and
reservoir would not be used so ofﬁen;‘mainly depending upon the
intensity and frequency of rvainfall within the area. Further, con-
struction of the. pumping station may require considerable amount of
initial dinvestment including procurement.of equipment and their spare
parts, and careful operation and maintenance services would be required
for maintaining proper function of the stations. Also, a storage of '

stormwater requires generally considerable land space.

Thus, the provision of these facilities shoula be determined
carefully taking into account abﬁvé mentioned disadvantages. Further,
care should be taken as to the storing volumes of stormwater together
with the capacity and type of pump equipment, when the actual design
works are . carried out. Considering the above wmentiomed basic design
factors, the moét preferable fécilities are determined as présented

in details in Annex A of this report.

5.3.3 Cate’

Flap gates are preferable at the drain outlet, because the flap
gates open automatically to ocutflow or close against backflow with
only a slight difference in head when properly installed.. For ocutlets
of the large dfain;.where fiap gates are not preferable in terms of
available size of gates, sluice gate is used. Typical gate structure

‘of these gate are presented in Figure 5.2,

5.3.4 Bridge

Whefe a 1arge drain crosses a road, a bridge over the drainage
‘channel should be pfovided'to-maintain the smooth traffic. An ade-
quate clearance sﬁould be maintained between the design flow water
surface and the bottom of the bridge deck so. that accumulation of.

debris can be avoided. 'Tﬁe'applicatidn-of bridges for crossing the
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channel is described in detail in Section 7.2, Chapter 7, and also
illustrated in Flgure 7.5, ' . '

For detail of the procedures of hydraulic analjsis of bridge

water way, refer to DID's "Design Standard and Pfocedures”.
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CHAPTER 6 |
FACTORS AFFECTING THE ENGINEERING CONSIDERATION

The development of an adequate plan for the drainage System
requires an enalysis of the exiSting'drainage system. The field
reconnaissance and surveys have been therefore undertaken durlng the_
course of the field works,'and then a review and evaluation on the |
existing system have been wmade in details for determination of the

drainage requirements.

Since there exists a comprehensive dréinage master pian for Alor
Setar town including the Study Area prepared by SDID,'the basic concept
and appfoach‘for the study are determined with due conéideration on
the results of the Mastér Plan. It is, however, ﬁoted-éhat the pre-
liminary engineering design would require the more detailed analysls
with respect to the trunk drainage system than that of the Master _
Plan, for practical implementatlon of the system, properly reflectlngl
the latest Yocal condition in the Study Area, and therefore a review,
evaluatlon and modification of the system proposed by the Master Plan

are also carried out in this study.

6.1 Existing Drainage System and It's Evaluation

The fleld survey carried out 1ncludes the 1nvest1gat10n of flow
dlrectlon in each existing drains, measurement of cross sectlon
including maintenance ‘access area to be reserved for draln,_and
levelling of the existing drains. The results of the above survey

are presented as shown in Figure DF-1 of Volume VIII.
On the basis of the above survey results,'the'eiisfihg drainage

system and its evaluation, in order to ascertain the drainage require-

ments for the Study Area, are deeeribed in the followings:
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6.1.1 Present System

According to the findings on the preseht drainage coaditions, the
existing drainage system for the Study Area can be identified into
three 1ndependent drainage basins, namely Sg. Raja Basin, Putera Basin
and Langgar Basin, Whlch correspond ba51cally to the delineated basin
in the MasLer Plan as mcntioned prev1ously The syatem of these: ' _
ind1v1dua1 drainage basins together with 1ts evaluation is described

below._

{(a) Sg. Raja Basin

This basin.has an afea of:252 ha (623 acres) which lies at
the ceﬁtre of Alor_Setar téwn including the_major part of the
ins_titutional'and comiercial area_a. Out of th'i_s area, an area .
of 94 ha (232 acres) lies within the Study Area, and rest are

tributary outside the Study Area.

At present,:most of the area of this basin within the Study
Area has been already urbanized by residential and commercial
areas. This urbanization would bé further progressed by the
improvement of the town, according to the development plan pre-
pared by STCP, The development within the tributary outside
the Study Area also has been underfakan'for residential and
commercial areas, especially, .the area along J1. Telok Wan Jah
which lies at the upstream of the Sg. Raja has been almost
developed for re51dentlal purpose, and area wh1ch is 31tuated
.along Jl. Stadium is also under- the development for the same

purpose.

The ground elevation in this b381n, espeelally the residential -
area along J1. Telok Han Jah at the upatream of the Sg. RaJa, is
generally flat 1n 1ow~ly1ng w1th an average of 1.5 m (5 ft)

above mean sea water level {MSWL). Even the ground elevation in
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the institutional and commereclal areas situated at the: center of
town is low and insufficient to cater for the 5-year frequency

flood level of the Sg. Kedah.

The existing drainage system in this basin consists of two
trunk ‘drains namely Sg. Raja and Sg. Derga, and vafious types of
secondary and iﬁfraétructdral drains. The Sg. Raja runs_from'
tributary area on the north to the Sg. Kedah on the south through-
out the centre of Alor Setar'tbwn,'while the S5g. Derga starts
from eastern region of this basin and then comnnects finally to

the Sg. Raja at the centre of the town.

These trunk drains are basically natural stream which are

. earth channel with varied width and depth, and are heavily silted.
With-aboﬁt 1 meter or more in depth. The capacities of these
Hrains have both about-z m3/s at upstream to 12 m3/s at dOWnstreém,
but these are not sufficient to cater for the surface runoff,
even the l-year storm frequency be occurred under the pfesént
ground condition, Actually, the region at the upstream of the

- Sg. Derga along J1. Telok Wan Jah has been .thus experienﬁed of -
the flooding at least twice 'a year., Further, since no gate in
protecting backing up the water from the river éxist at the out—
lets of trunk drains, the regions at the upstream of trunk drains

" are subject to be effected by high'rive; water level,

Throﬁghout.the built-up urban areé,-open-channel system of
either U-shape or rectangular section has been provided, as the
secondary and infrastructural drainage system. The networks of
these drains are shown in Figure DF-1 of Volume VIII.  Although

fthese'sécondary and infrastractural drains have generally been
working well so far, some of them especially earth drains are
insufficient to accommodate the flow capacities under the present.

conditions.
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{b) Putera Basin

“This basin has_én area of 62 ha {153 acres) which cévers
mainly bullt-up area comprising residential and commercial arveas
along J1. Putera and Jl. Pekan Melayu. Whole area of this basin

lles within the Study Area.

The ground elevation in this basin is relatively high in
comparison with other basins, which is sufficient to cater for

 the design flows.

The exiéting'dfainage system in this basin has no trunk
drains. Onlty secoﬁdary and infrastructural drains do exist in
this basins. Out of these drains, about 70 percent are of concrete
with-U—shaped:of ractangular cross section, and the rest are earth
chanﬁelS.‘-Generally,-fheée‘drains have been well'maiﬁtained;
and wOrking well so far, hHaving sufficient capacities to cater
for the runcff from the area under the present ground condition.
The storm:runoff originated in this basin are presently diécharged

into the Sg. Anak Bukit at the 8 outlets of these drains.

" 7 {e)  Langgar Basin

This basin is occupied mostly by kolej Sultan Abdhul Hamid
and Iskandar scheols,  and fributary area along the railway. The
total area of this basin is 43 ha (106 acres). The most of the
-area for this basin have relatively high ground elevations, which.
do: not cauge ‘the significant flooding, However, some in which there
exist ‘the residential area along J1. Langgar lie dn- low-lying and
flat sitﬁations, thus Eausing frequent flooding. -The_existing_drai~
nage system in this basin consists of only one main drains which is
routed along_theﬁréilway, and many of secondary and infrastructual
dfains. These ‘drains are generally poor, with natural stream and

even the main drain is earth channel.
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6:.1..2 TYlood Problems and Drainage Requirements

_ In 6rder to ascertain the flood problems and drainage requirements
for the Study Area, the conditions of the existing drainage system
have been evaluated in details on the basis of the data and informa—
tion collected from SDID and MPKS, and also:through the field survey
including.investigation and house~to—house visit carried out during

‘the course of the fleld works as discussed in previous sectiom.

In the evaluation, it is apparent that since the Study Area is
generally flat and low-lying in the tributaries of the two rivers,
namely Sé. Kedah and Sg. Aﬁak'Bﬁkit, major part of the Study Area are
subjedt'to be effected by backing up of the water from the rivers
referred above, thus causing nuisance f{looding in many pléces through-
out the Study Avea. BEspecially, when the flood flows occurred during
the high intensity storms coincided with the high spring tides, flooding
areas shall be spreading within the Study Area. The location of.the
present flood prone ared is shown in Figure 6.1. The_dauées of this
flooding are due to inadequate capacify df:drains and its poor main-
tendnce  together with ground condition in low-lying as mentioned above.
Pérticulérly. the EXisting trunk drains have insufficient. capacity to
cater for the runoff originating from the area, under the present
ground condition, bﬁt the capacities of the secondary and infrastruc—
tural draihs have generally sufficient to flow the surface runoff
dlscharge on the present land use condition, if the better maintenance .
such. as de51lt1ngs are carrled out. Even if such conditions however
exist as mentioned above, redevelopment of the town 1nclud1ng the
Study Area, which is undertaking now, would be resulted in the increase
of surfaceﬁatef runoff ﬁhich cannot be handled by'the existing system
unless necessary improvement measures are taken. Therefore, the

situation will be evidently deteriorated.

In view of the above overall findings and evaluation for the pre-
sent drainage conditions for the Study Area, the following measures
are congidered and studied to be taken for the improvement of the

drainage situation in the area.
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(1) Improvement of'the Sg. Raja and S5g. Derga to alleviate the
existing flood problems for the area at the upstream of these

two trunk drains,

- (2): Provision of‘buhd-alignment along the Sg, Kedah between
réilway'and J1. Raja.for pfotection of the ba@kwate; from the
river, since the area nearby the coastal of the: Sg, Kedah has
Been currently experienced the flood problems by the river water,

even the l-year river water level occurs.

(3) Instaliation of gate at reasonable drain outlets for
protection of the nuisance flooding causéd - by the backwater from

the high river water level.

(4) Establishment of the drainage improvement programme to meet

the anticipated increase of runoff in future condition of the area.

— 26_



6.2 Review and Evaluation of Existing Study

The study. carried out; by the Master Plan prepared by SDID includes
the plans on: the flood mitigatlon measures and trunk dralnage system -
=gover1ng the total area of 3,584 ha (14 5q. mlles)_of_Alor Setar conur—

'Bafion. The flood mitigation measures propose the river flood protection

by way of provision of the bund allgnments along the maJor portion of
'both Sg. Kedah and Sg. Anak Bukit, ‘to protect the town from the high
water levels in the rlvers, especlally when colnc1dence of hlgh spring
tide level and high flood flows in the upstream of trunk drain within
the area ddring the monsoon peribd occurs, and study on the_truﬁk
drainage éystem is to eétablish édequate drainagé system togétﬁer with
the prov1sion of facilities necessary for the area in connectlon with

the flood mitigation measures.

_ Out of these studies referred aBove, only ﬁhe planning qf the
‘trunk'drainage system recommended.in the Master Plan are reviewed for
.this-study in order to develop and adequate secondary drainage system
in line with the most-préferable trunk drainage system, and further Eo
.undertake preliminary engineering of both trunk aﬁd secoqdéry drainage

syétem based on further detailed analysis than the Master Plan proposals.

According to the Master Plan, the entire area of Alor Setar conur-
bation has been devided into 16 major catchments and 8 minor catchments.
From the above delineation, the Study Area of this Feasibility Study
coveré'a.part of 'Sg. Raja‘ catchment and minor catchment 'Y1' and
wholé'éf winor catchment 'X3', all of which are then idéntified into -
'three=basins as Sg. Raja, Langgar and Puteré as discussed previously .
in'this stuay Among those independent dfainage basiﬁs,-Sg Raja basin,
will have the trunk drdlnage system as recommended in the-. Master Plan,
conSLstlng of those facilities of trunk drain, floodway, pumping station

and reservoir.
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CHAPTFR 7
PRELIMINARY ENGINEFRING ANALYSIS
' FOR PROPOSED DRATNAGE SYSTEM

in development of the dralnage system, prelim:nary englneerlng
analy51s including the selectlon of the most su1table layout and
determination of the Capacltles necessary to the fac1l1t1es is reqﬁired
taking-intd consideration of findings‘bn evaluation of the existing con-
.ditions_and also through review and evaluation of the Master élan.
recommendations, as discussed in'previous chapter. The analysis made,

and its recommendation and proposals are described below:

7.1 Drainage System Layout Planning

 ¥or the purpose of the prellmlnary engineering design of both
trunk and secondary drainage system, the layout of the dralnage system
establlshed in the Master Plan is carefully reviewed in connection with
Study Area and its trlbutary, and further detalled analysis is made by
considering the possible alternative for the selection of the most
desirable route of trunk drains, using the updated informatlon and
'ddta derlved from extensive field 1uvesL1gat10ns carrled out dur1ng

the course of the field works.

7.1.1 Alternative Routes of Trunk Drain

_'As'diseussed previously, the Master Plan defines the facilities
necessary for eskablishﬁent of an edequafe'drainage system for the .
~area of Sg. Raja catchment including drains, floodway, pumping station
and reservoir together with the provision of bund alignments along the
rivers tolproteet the river floodihg,'although no secondary drainage
system has been:inclﬁded:in the Mester'Plan, due to the fact that the

purpose of the Master Plan is to de#elop the trunk drainage system.
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Out of these facilities mentioned as recommended in the Master Plaﬁ,
attention is glvén to the facilities for reservolr and floodway in

connection with the selection of the alternative routes of trunk drain.

The plan-fer reservoir as proposed in the Master Plan is to provide
the protection of the flooding due malnly to the backwater from the
rivers durlng the cr]tical storms within the area especlally thn coin-
cided with the hlgh sprlng tide level in the rivers thus reduc1ng the
peak stOmeater runoff to diqcharge to downeream. This plan is
considered useful for 1mplementaL10n, but since no available open land
for the reserv01x'ex1sts w1th1n the area of Sg. Raja caLchment, the area
_necesqary to functlon ae reqervOIr is proposed o be accommodated at Kampung
Severang Keretopi along the Sg. Kedah, which is under, at present,
paddy cultivation outside of Sg. Raja catchment. In connection with
the pfdvieion of this reserveoir, a floodway is required to convey the
storms from the outlet of Sg. Raja. to ehe reservolr crossinglthe

railway aleng the Sg. Kedah.

‘ However it is conSLdered that the constructlon of the floodway at.
the cr0331ng of the rallway would cause certain technlcal problems and
initial investment has to be carefully evaluated Therefore the
'follow1ng two alternatlve proposals w1th respect to both routes of
trunk drain and constructlon method are con51dered and Studled in
details on the basis of the economic analysis and prellmlnary engineer-

ing design. -

Alternative 1 - To propose the same route with that recommended
in the Master Plan.as shown in Figure 7.1.
However, taking into consideration of the dis-
edvantages of the_eenstruetien‘es_mentioned_aEQve,
_apﬁlicable method of construetion ie coﬁqidefed,
and Fronte Jacking Met:hod be applied for the
constructlon of floodway at the cr0351ng of the
rallway. Details of this method are presented

in Annex B of this report,
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Alternative 2 - To provide the new trunk drain along the railwaj,

. thus eliminéting the floodwéy as.proposed in Aiﬁér—
native 1, as shown in Figure 7.2. This is to
reducerthe'émount'df discharge intp the Sg}*Raja‘
by cutting down Sg. Rajé'catchment at the upstreanm
of the Sg. Raja.  TFotr this system, pﬁmping station

©and small réserVoir;are provided at the outlet of

Sg. Raja.

In addition, since the pumping station will be incorporated with
the reservoir, study on the pumping station and reservoir is also made
as presentéd in Annex A, and included for the above mentiomed alter—

native study.

In view of the above conditions mentioned, the results of the _
study includiﬁg facilities required and its cost estimation for both
Alternatives 1 and 2 are'presented in Figures 7.1 & 7.2. From the above
study it is apparent that although Alteiﬁative 1 requires construction'
of the floodway at the crossiung of the railway which needs significant
high_investment, the total'consﬁruétion costs for the system.is lower
than that of Alternative 2. Further, the system‘bf Alternative 1
consists of bnly oﬁe pumping station and reservoir, while the Alter—
native 2 has two pumping stations and two reservoirs, thus requiring
.the high maintenance cost and possibilities for frequent maintenance
troubles. In view of the above results, Alternative 1 ié finally

selected as the most feasible system for the Study Area.
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7.1.2  Recommended Layout Planning for Drainage System

On. the basié_of the_results_of tﬁe alternaﬁive study and analysis
of the eﬁisting condition especially for secondéry drainage system as
discussed previously,:the.layout planning for drainage systém includihg
truﬁk‘and secondary drains, and other relevant facilities is déveloped
for the preliminary-ehgiﬁeering design purpdse, as shown in Tigure
7.3 and DP-2 of Volume VIIL,
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7.2 Overall Drainage Facilities for Long Term Requirement

On the basis of the results of the study on develbpment of the
best Suited.iayout planning for .the drainage system as digcussed
previously, design consideration on the facilities.iS'made for the long
term requirement, employing the basic engineering desipgn criteria as
presented in previous Chaﬁter; which comprises open channels including
trunk and secondary drains, floodway; box culverts,.bridges, gates,
pumping station, reservoir and embankment, while facilities for the
immediate requirements are describéd in detéils in‘Chapter 9.
Recommended overall facilities for'long term requirement of the system

are- follows:

~5.40 11.00.

Truﬁk Drain : © 2,655 m 350 ¥ 1.90 " gigg X 2,20 {(m) |

o | ~ o il.00 :
Flgodway o .- 800 mo T X 2.20

- . e aeR 1.50 . .. 4.00 :

Secondary Drain 5,15g.m C 0.70 % 1.20 2,90 x 1.60
Bridge '4 Nos. See Figure 7.5
Gate o 4 Nos. See Figure 5.2
Pumping Station ' ~ 1 No. 120 m3/min
Reservolir 1 No. 127,000 m3 5.70 ha
Embankment _ 600 m . See Figure 7.6

(a) Trunk and Secondary Drains, Box Culvert, and Bridge

- - The hydraulic computations and recommended profiles of the _
trunk. and secondary drains which route in the layout planning are
shown in Tables of Amnex C, and Figufe DF-4 and DF-5 Volume III

réspectively.
Due to_the}fapt.that'the ekisting ground conditions in the

Study Area are extremely flat, the gradients for the proposed

drains especially trunk drain are gentle, aud the design velocity
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is low ranging from 0.8 m/s to 1.1 m/s. Thus, a large cross _
‘sectional area is required to accommodate péak discharge. Tn view
—of the abgve:conditioﬁs} rﬁbble-wall channel is recommended, with
mortar limning of éuffaeérof drains using Qiré.neté, to reduce the
Ccross sectional area'necesSafy_and land requirements for drain,
téking into consideration of the advantages on hydraulic, economic

and esthetic points of view.

The maintenance access should be reserved in the form of
road or green belt on either sidé:of the drain depending.upon
physical .condition of.the area served . by. the drain, and this should
alwayé be given due note at the time of land acquisition."Howéver,
it.is'fpund that althoﬁgh ﬁo_available existing road to exist
préseﬁtly;along the : trunk drains, proposed trunk drains which is
routed on the same as the éxisting natural watey course have
enough space for the:maiﬁtenance access. - Also, Sihée the proposed
secondary ‘drains run along the existing and planning roads, no
land acﬁu{éifioh is reduifed for the maintenance access for.the
all secondary dréins. ‘Thus, land aéquisition cost for maintenance
purpose of the:all dfains'sﬁall not Be'required iﬁ'the costwésti—.
mation of the Project. The typical créss sections of thé recom-
mended reserve width for the maintenance together with the width

of drain structure are shown in Figure 7.4.

~When part of the channel crosses a roadway, bridge or box
culvert is;proﬁidedL Ménylof existing channeis at the roads
“crossing are undersized box culverts and cause the flooding under
heavy rain. Theése should be'réblacea'by'newlﬁ recommended ones

; With'endugh capacity.

‘In case of larger size, however, the bridge is pfeféiaﬁle
and recommended,.sihce box culvert shall be multicell boxes and
coﬁéeddently'wouid;Ca&seEébsfruction'for Chahﬁel”flowé'and/or
écéumulétioh of fldbting:matefiais.in'upstfeam_of culﬁérts} " The

application of bridges is for the channel which sizes with upper



‘width of 5.0 m (16,4 ft) or more. . The locations of bridges are
shown 'in Figure 7.3, Other road crossings are to be provided with

box culverts.

In both cases, a sufficient hydraullc Dpenlng area should be .
prov1ded Preferably, free board From designed tailwater level to
the bottom of bridge's beam or culvert slab, Should be around
30 em (1 fr). :Under the existing topegraphic conditions in the
Stﬂdy_Area; while it may be dlfficult to‘reserve.30 ch as fecome.
mended above, brldge beam or culvert slab should not atleast be

below designed tailwater level.

Typical bridge structure.and box culﬁert are lndicated in
Tigure 7.5. These figures are preparedras the base of cost
estimation and explanatoryrburposes. At the time of final design,'
individual site of the constructlon has to be investlgated further

. and proper type of structures should be selected accordlngly.-

(b) Dfainage Gates

.To:proteet fhedbackwater ffom the rivers_during_high river
watér'levels, drainage‘gates are required af the reasonable outlets
.of trunk and secondary dralns 51nce land fllllng is not appllcable
due to the fact that the Study Area has already been well urbanlzed
The principle of the gate 1nstallatlon requlred in the proposed
dralnage system is to protect the low-lylng areas whlch are
affected by the backlng up of water,.even the l-year river flood.
level occurs. In case. of smaller sized ouLlets, flap gates are’
preferable and recommended taklng into c0n31deratlon of advantages
on easy operatlon and malntenance, together w1th economlc p01nts
of_vlew,_whlle sluice gates are requ1red at the larger outlets,
with_manual operation., The proposed size of the gate and ic's

Tocations are shown in Table 7.1 and Figure 7.3 respectively.
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Table 7.1 Proposed Gates

Size.

.Bas%n Type (m x m) No. . Remarks

Sg. Raja Sluice 2.0 x 2.0

5 (For outlet of trunk drain No. R20)
" " 5 (For outlet of floodway) ' '
" n 5 (For inlet of reservoir)
Flap 2.0 x 1.6 5 (For drain No. R28)
Langger ~ Flap 1.6 x 2.0. 2

( oo Ho. L6).

{c) Emﬁankment

The idea for recommendlng and designing urban dralnage system

-_for Solutlon of the flood problems is to meet the de51gn flows when
the d631gn frequencies of rainfall occurrence c01nc1de with the

i- year rlver flood flows. However, since the area along the river
is very low-lying, problems of flooding would not be solved even
if the dralnage system for above area would be prov1ded to meet
fhe local storms, due to ‘the backing up of water from the river
even before the water level reaches to l-year river flood level

Thus, bund allgnments are requlred and proposed for protectlng the
coeétal area of the Sg. Kedah. The locatilon of bund alignments

probosed is shown in Figure 7.3.

The erest level of the embankment is determlned based on the
100-year river flood level as dlscussed prevlously, whlle urban
.dralnage system propesed is to meet to the surface runoff’ for the
storm of 2-year frequency”for residentiai-areas ehd:S—year fre-
'quency for res1dentlal areas and 5- year frequency for commerc1al

'areas Typlcal bund structure and crest level proposed are

presented in Flgure 7.6.
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(d) Pumping Station and Resérvoir'

As the results of the pfeﬁious studies,'pnmping.station and
reservoir'are required and fecomméndeg to be established at the
Sg. Kedah, fof receiving the discnerge-from Sg. Raja.and Langgar
basins, ‘while no pumping statlon and rcsorv01r are prov1ded for
Putera Ba31n due to the fact that the area of this basln ‘has
relatlvely high ground elevations whlch is sufilclent to meet the
design : flows, so that ‘the storm runoff originating from this basin
is well discharged through many of outlets into the river
directly The ?roposed pumping Statlon and reserv01r will be
.functloned together after’ c1051ng the gates of the drain outlets,
;espec1ally ‘when the flood flOWS occurred durlng ‘the high 1nten31ty

storms coincide with the high spring tide.

._The'detefmination‘of the capacity of the pumping station and
reseruoi; is beéed”on'the Master Plan.proposai'which'applied the
eritieai'storm.of 2—~year frequency. The eritical storm of nyear.
frequency.is conéidered sufficient to protect the Study Area from
the‘flooding,‘since the occurrence'of 2-vear local storm with a
l—year river flood level'wouid oCCur at about l0-year return

period as discussed in the Master Plan prepared by SDID.

‘To reduce the storage area of the reservoir, pump will be
opereted immediately when stormwater runoff discharged into the
reservoir after closing the drain outlets, thus maintaining the

low water level in the reéservoir.

In order to provide the.adequate pumping station and reservolr
systém under the above mentione&:opefating conditions, two types of
pump, screw and centrifugal, are compared considering the charac-
teristics of each of them 1nclud1ng the method of operatlon ‘and
maintenance, and economical point of view as to the construction,

and operdtion and maintenance costs. (See Aunex A).



The result of the comparison study is concluded that centrif-
ugal pump is superior teo serew pump on above mentioned aspects.
Thus, centrifugal pump is selected, and recommended for use of

the recommended drainage pumping station.
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FIGURE 7.4
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FIGURE 7.5

Typical Abutment _ : Cross Section of Multicell Box Culverts

TASTRIETE

hY

Anverted  tee
] prestressed concrete
. bridge beam

. Precast Box culvert
P

\_. / . / Lean concrete

Lo\ I N 000 |
/ \ | \Mortar “\ Crushed _stone

Reinforced concrete

Crushed stone

F .

Lean concrete m

Wood ni[@/H L

b s B

SR p——

LA
5

i

MASTER PLAN AND FEASIBILITY. STUDY FOR
SEWERAGE AND ORAINAGE SYSTEM PROJECT IN
ALOR SETAR ' AND ITS URBAN -ENVIRONS .
TYPICAL ABUTMENT "AND FIGURE
CROSS SECTION OF MULTICEW. 7.5 -
BOX CULVERTS







9L | NOILDIS ONNE WOIdAL

IENDTL

- SNO¥IANZ NVEdN SLI ANV dVvi3S 3077
Nl I2327r0Md W3LISAS FDVYNIVYO OGNV 3OVHEIM3S

MOd AQNLS ALITIBISY3d OGNV NV1d HILSVA

0N

g8

aoo14

PEAA,

AVMQO01d ¥V HLIM

TIVM 3786808 IVIIdAL

-H3IAY

874 FYNold







CHAPTER 8
CONSTRUCTION, OPERATION AND MAINTENANCE COSTS

8.1 Constructidn Cost

Cost for the construction may be divided into direct and indirect
items, including_civil'works, inéfalla%ion of the éQuipmenf,.cdntractor's
profits and overhead, and all related construction works. In view of
the above séund; thé estimated constru@tion cost of the proposed

drainage facilities are presented below:

8.1.1 Procedure for Fstimating Construction Costs

Fbr'eétimatihgﬁfhe:coﬁstruction costs of the pro?osed drainage .
facilities;-fhe'informafioh and data on the baSit cosfs.including
materials and labour costs have been collected from various sources
1nclud1ng MPKS and JKR in Alor Setar, MPPP in Penang, and varlous local
contractors anA'manufacturers, durlng the course of the field w0rk
All basic costs collected from the sources referred above are ex—
présse& in 1979 price level in Mélayéia. Using these basic costs
obtained, unlt costs for construction including both 1abour and
materials are estlmated with due consideration om the suitable materlals
and methods for constructlon including avallabillty of local materials
and ability of local contractors. These estimated unit costs together

with the basic prices of materials are presented in Table 8.1,
On the basis of the above mentioned unit costs as estimated, and

using them, construction costs of each facilities proposed are estimated

according to the following: .
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(a) Trunk and Secondary Drafns

For-estimating-the construction costs for trunk and secondary
drains; cost function curves for various typezof drain have been
'developed using the unit .costs. The cost reflected by the CUTVES

includes excavation, dewaterlng,.backfllllng, restordtlon of
pavings oﬁ roads and material for structures. The developed cost

function curves are shown in Figure 8.1.

Slnce the recommended draln facilities 1nclude the gates and
box culvert structures, ‘construction costs for these eructnres
are also estlmated, and included in.the costs of dtain tacilities.
Constructlon costs of box culvert are based on the cost function
curve developed together with cost function curves for trunk and
secondary drains as mentloned above, while the costs for gate
are estimated in the_actual expenditure for construction, on the

basis of theé proposed structure as shown in Figure 5.2.

As.discussed in=previcus chapter, the Fronte Jaking Method
has teen ptopdsed for use of the consttuction of floodway atl
.crassing the railway, oun the basis ef careful analysis on
determinatien of the methods of construction.‘ Since an adoption
of this method seem to be dlfflcult to local contractor, and no .
mechanlcal equlpments requlred for use of this method are availa—
" ble. presently in Malaysla, an assumption is made that the con-
structlon of floodway by use of the Fronte Jaklng Method shall
be conslgned to the forelgn contractor together with 1mport
nechanlcal equ1pment, and costs for this shall be 1nc1uded in

the estimation of construction costs.
(b) Infrastructural Drain
Although no preliminary engineering design has been made

for the infrastructural drains, the cost for infrastructural

drain is also considered and estimated on the basis of the



the reasonable assumptidn for estimation of the total project.
Construction costs of Infrastructural drains are derived from the

unit construction cost on per hectare basis.

_Bactors affectlng the costs are ground surface condltlons,
road density and condition of the existing drains in the area
concerned: In order to reflect the actual conditions of the
‘Study Area, representative typical area comprising commercial
and residential areas is flrst selected, and requirements of the
1nfrastructura] drains are then 1dent1f1ed for the new construc-

tion and improvement of the existing dralns.'

The recomﬁendéd.infrastructural drains in the selected érea-
are of U—shape_pre—cast concfete and:rubble'wéll'OPen channels,
withidue consideration on the economical view point and ‘easiness
of coﬁst?uction. At ‘road intersections,.either centrifugally
cast feinforced concrete pipe or box culvert is considered.  From
the -above study, construction costs of infrastructural drains are
estimated by use of the unit costs estimated préviously{ The.
estimated cost, in terms of the per hectare, for the construction
of infrastructural drains is approximately M$15,000/ha. Re-
presentative networks of these drains for -the selected area are

presented as shown in Figure 8.2.

{c). Pumping Station and Reserveir

Constructlon costs of pumplng station and reserv01r are
estlmated based on the cost function curves developed as. shown
:in presented in Annex A.. The costs reflected by the curves are
all civil:-and building works, inéluding materials and labogr for
both pumping station énd reservoir, and electrical and mechanical

equipment for pumping station.
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_ For eétimating the COnétruction.costs of pumping station, an
assumption.is'made that most of»mechanicél‘énd,electrical equip-
ments -including puaps, diesel engine, contrélling“deVibes, piping
materials, and crane and holst be imported from foreign countries,
thds-féqhiring foreign curréncy, while materials for bullding and
civil works are available iﬁ Malaysia. The estimated costs of
thoéé electrical aud-méchanidal equipment are based on -the reason-
able assumption .through Quotation obtained from reliableﬁforeign

manufacturers.

(d) Embankment

Construction cost of embankment is derived from the unit
_construction cost on per iength basis; The works required for
construction of embankment - aré land filling, compaction and rubble
cpitching., Thus construction costs of embankment -are estimated
based on the unit cost ‘estimated previously for the above works

Tequired.

(e) . Bridge

Estimation of constructibn'cost_for bridge is based on the
proposed typiéal-structure as éhown in Figﬁre_?.SL‘-Bridge strﬁc-
ture comprises both superstructuré and substructure. - The
superstructure is madeIOf.precast reinforced conérete beams and
floor slabs- with pavement. - :The substhcturé consists of retaining
abutment with reinforced concrete and piling. With the above
Workjswrequifement for bridge construction, the estimated con-

-struction costs in terms of unit basis are -as follows:.



Superstructure

P M$660/m2 of surface area
Subétructure t |
abutment : M$4,500/m of width
dountepfort C o MS300/unit

(at every 3 m) .

miscellanaous work _
for piling : M$720 (lump sum)

8.1.2 Construction Cost of Overall Drainage Facilities

Total constrhctionrcosté for the 6vérall'drainage facilities are
estimated by totalling the costs required in recommended structure,
on the basis of the procedure for estimating the cost by use of either
cost funétion curve or unit bésis as dgscribed previocusly. The costs
comprise materials and labour, contingency allowance,‘éngineéring fee,
and land acquisitioﬁ. As the contingencies, 15 percent of the estiﬁated
actual construction cosfs is added, and 10 percent of the total cost
is assumed for engineering fee. Out of the engineering fee, 50 percent
is considered for detailed engineering design.aﬁd the remaining'fpr
supervision services for construction. The estimated total construc-
tion cost for overall drainage facilities is to be approximately

M$16.8 million at 1979 price levels as shown in Table 8.2.

As indicated in this Table, the cost estimated for land acquisi—
tion is to purchase the necessary land for the facilities required in the
ovefall drainage syéﬁem“inclqding embankment, floodway, pumping station
_and reservoir, based on the data on land costs obtained from Valuation
Officé of the State Government, Kedah, as présented in Sewerage Study

Report.

It is noted that since the Study Area has been already urbanized,
most of the area has been already served by the pfovision of drains
either trunk and smaller:dféiné even in insufficient capacities.
Therefore, no_pfivate contribution shall bé-ekpected for the draiﬁage'

construction. All new construé¢tion and improvement of the drainage
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facilities as. recommended herein shall be contributed by the Government.
Thus, estimated construction costs for the overall drainage facilities

have not been made for.thé-private contribution.
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Table 8.1 Schedule of Unit Construction Costs (at 1979 ‘price level)

(1) Basic Price of Material

Price per 0.6l m (2")

Nominal Size including transportation
U shape '
300 mm (12'") M$ "3.50
380 mm (15") - : 4,80
460 mwm (18™) ' C6.20
610 mm (24') _ o - 8.50
o Price per 1:22'm (4')
Box culvert : including transpertation
610 x 445 (24" x 18M) M$ 183.80
760 x 610 (30" x 24™) C217.00
915 x . 760 .(36" x 30") - '251.50
1,2200% 7160 (48" x 30™) 324,60
1,220 x - 915 (48" x 36") 342.70
1,830 x 1,220 (72" x 48") L . b65.80
1,830 x 1,525 (72" x 60") o 742,30
1,830 x 1,830 (72" x 72™) : 802.00

{(2) Unic Construction Cost

Item | Description  Unic  Cost (M%)
Concréete 1:2:4& ‘w3 156.90
| 1:3:6 o " 124,20
Reinforced Concrete 1:2: 4 _. m3 313.70
Mortar 1:2 o w3 18650
1+ 3 " 182,10

Trench Excavation . depth ‘ S

(by hand) _ : 0-1.5m m3 4.70
1.5~ 3.0 o " 8.60
3.0~ 4.5 _ ou 11.50
4.5 - 6.0 o " 15.10
6.0 -~ 7.5 : " ¢ .18.90
- 7.5 - more- : "o 22.50
Excavation (by machine) Irrespective of depth m3 2,30
Béckfilling and Compabtion _ C _ ms - 3.00
Form Works ‘ : : : ‘w3 8.20
Masonry Works : ' : m3 71.00
Dewatering ~ hr 3.00
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8.2 Operation and Maintenance Costa

_ As has. been discussed in the Master Plan prepared by SDID, and
in accordance with the results of the study made in "Inatitutional
Study", Volume VI as presented in this Projéct, it is considered that fhe:
management of the drainage éystem in the future Will be under the respon- .
sibility of MPKS which will loock after construction and maintenance: of trunk,
secondéry and infréstructuial drains, except the roadside drains
along the federal and state roads which. would be constructed and
maintained by JKR. Generally, malntenance works for the drainage
system consist of temoving deposits from drains and reservoir, opera-
tion of gates and pumping stationm, and repair of damaged parts of all
drainage facilities., For these works, operation: and maintenance
me thods considering the number of personnel required for the works for
M?KS are first analysed, and then their costs for the proposed drainage

system are estimated using the reasonable assumption.

8.,2.1 Procedure for Estimating Operation and Maintenance Costs

-For estimating the operation and maiqténance costs of the overall
drainage facilities, comparable information obtained from other similar
cities in Malaysia énd:Japan has been reviewed together with the data
on the actual expenditures in the paét-experience'for the_existlng:
drainage systém with the Study Area, and the results are used as the
basis for estimating the operation and maintenance éqsts. Basis for

operation and maintenance costs 1s described below:
(1) " Drains

The maintenance works for drainage facilities including drains,
box culverts, gates consist mainly of repairing of broken part of

the facilities and removing deposits from drains. ~The annual repairing

cost for drain facilities is assumed to be 0.25 percent of each
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facility's construction cost, on the basis of the actual expenditure
experienced in the similar cities both in Malaysia and Japan. This
ratio is also applied to estimate the maintenance cost for bridge

facility'és repéiring'coét.

For estimating the cost of removing deposits from the drain,
following assumption is made:dividing into four-types of drains namely
trunk, secondary, ahd inftastructural drains and floodway as recommended
in the drainage system, with due consideration on the method of main-

tenance. works.

(a) Trunk Drain and Floodway
An assumption made for the estimation is as follows:

(i) TFrequency of dredging for trunk drain is once a year

in dry season.

(ii) Dradging is carried out by hand after drained out the
water in the drain. ‘For performance of_thé wofk, an
assumption is also made that the drain is closed by
50 m per iength of the drain'using the sandbags.or,
slit as shown in Figure 8.3 and then water is drained
out by use of submersibie pump. For drain out the.

Qater, dewatering cost as shown in Table 8.1 is applied.

(iii) Unit cost for desilting work is to be 20 percent
increase to the unit cost of exeavation estimated in
unit constructioh'cost, considering the difficultly

of work required in muddy condition.

(iv) The average volume of accumulation of silt to be
removed in terms of annual basis is 10 percent of the.

eross sectional area of drain.



On the basis of the above assumption, unit cost of removing
deposiits from the trunk drain, consisting of the component works
including damming up, dewatering and desilting, is estimated to

be M§227 per one meter leﬁgth of drain annually.

(b) Secondary. Drain

Dredging work for the secondary drain will also be carried
out in the same manner with that of trunk drain as discussed
previously.  For estimation of the average volume of removal
-deposits in the secondary draim, the avefage cross sectional
area between trunk and secondéry drains is first compared, and
is found that the average volume of deposits for the secondary
drain is to be 25 percent of that-of trunk drain. Using this
ratio between trunk and secondary drains, the annual unit dredging
cost. of secondary drain is estimafed to be M$5.5 per one meter

length of drain.
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(c)  Infrastructural Drain

The work required for rémoﬁing-deposits for the infrastrue-
tural drain would be carried out by the hand of labours employed
by MPKS, thus estimating the number of labour to be required for
the work, and cost of removing deposité for the infrastructural
drain is estimated directly by the wage of labour. For estimating
the number of labour to be required for the work, following

assumption is made:

(1) Frequehcy of cleaning or desilting of the drain is

once a year.

(ii) . Working hours and days of labour are 6 hours/day and

250 days/year respectively.

(iii) :Ability of one labour to clean or desilt the drain is

200 meter length per day of drain.

Based oﬁ thé above assumption and estimated.total length of
infrastructural drains within the Study Aréa'as approximately
40,000 m, with one labour assigned for this work, the total
pericd of work for cleaning or desilting éf the drain is
estimated to bé 200 days which will suffiéiently meet with the
above requirement. It is, therefore, concluded that the main-
tenance of infrastructural drains within the Study Area would
be performed by only one labour. The annual salary of the

labour is of M$3,000.

(2) Pumping Station
Operation and maintenance costs for the pumping station are

estimated by use of the cost function curve developed as presented

in Annex A of this report. The cost reflected by the curve includes
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labours, materials, overhauling and repairing of_mechanicél equipment,
and repalyving of structures, . All basic costs used for developing the
cost function curve are based on the reasonable  data obtained from .
various sources and manufacturers mentioned previously -in both Malaysia
and Japan. Details for developing the cost function curve are

referred in Annex A of the present report.

{3) Reservoir

Maintenance work for the reservoir shall mainly be consisted’
of removing deposits from reservoir including carrying those deposits
from the site to dumping .place same as the maintenance work of drains
mentioned previocusly. VFor estimating the cost of this work, following
assumption is made; the work for removing deposits will be in once a
year, and machine excavation will be applied. Thus, unit cost of
this work is applied same as. that of cost for excavation by machine

estimated in unit construction cost as indicated in Table 8.1.

On the basis.of the assumption mentioned -above, the annual unit
cost of removing deposits for reservoir is estimated td be M$2.30/m3
of deposits volume. In connection with the above unit cost estimated,
it is further conéi&ered that the estimated average volume of deposits
is based on the assumption that the part of accumulation of silt to
be rémoVed on annual basis would be 10 percent of the storage capacity

of reservoir.

In view of the all works required for operation and maintenance
of the proposed drainage system, as discussed in the.above, it is
recommended that systematic programme for routine inspection of the
works and collectlon of information be set up immediately. The
information and data should be recorded, filed and used for estab115h~
ing the proper maintenance schedule. TFor these purpose, especially
for MPKS, (1) one assistant engineer for inspection, data collection

and preparation of maintenance schedule, and (2) sufficient number of
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labour :as recommended previously for routine job including cleaniog
and desilting works for drains, and operation of pumping station, are
required and their salaries are added to the maintenance costs fox.

the recommended drainage system.

For the work of dredging or cleaning of the drains, the méjor
drains including trunk, secondéry and floodway are éonsidered to be
given to the contractors on contractual basis, and only the work
nécessary for infraspructural.drains.will be carried out by MPKS's

own personnel required as estimated in the previous study.

8.2.2 -Maintenance Cost of Proposed Drainage Facilities

On the basis of the unit cost estimated as described in previous
paragraph and amount of operation and maintenance works reqﬁired for
all drainage facilities developed in the preliminary engineering
design including trunk, secondary. and infrastructural drains, flood-
way, gate, bridge, embankment, pumping station and reservoir, togethef
with required manpower for the administrative work but only for MPKS's
staff, the total maintenance costs for the proﬁOSEd drainage system

in terms of annual basis are estimated as summarized in Table 8.3
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Table 8.3 Annual Operation and Malntenance Costs for.the Overall

Drainage Facilities

(at 1979 Price Level M$1,000)

_ _ Ttem Repair &
Facility Replacement

Dredging Operation Sub-Total Payroll Tdtal

Trunk Drain
including Gates 6.8 58.4 - 65.2
and Bridges

Secondary Drain 5.4 28.4 - 33.8

including Gates
E;giiscr”Ct”ral 7.0 1.0 - 0.0 12.0
Flooduay 4.8 3.2 - 180
Embankment 0.4 0 = 0.4
Pumping Station 19.0 0 35.5 54.5
A;éservoir 1.9 29,2 - | 31.1
Total 45.3 -15512 ' 35.5 213.0 i2.0 225.0
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