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CONVERSION TABLES

Length (1)
m cm . yd £ in.
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Length (2)
km yd mil
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100 1 _ 247.10 0.3861 - -
0.4047 0.004047 1 0.00156 - -
259 2.590 640 1 - -
- - - - 1 10.764
- - - - 0.09290 1
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" CONVERSION TABIES (Continued)

Volume
| 3
1 m cu ft Imp.gal
1 0.001 0.03531 0.220
1,000 ' 1 35.31 220
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' Xg t ounce - 1b
1 0.001 35,27 2.2046
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Velocity
m/sec km/hx ft/sec mile/hr
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0.3048 1.0973 1 0.6818
0.4470 1.6093 1.4667 i
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Rate of Flow (1)

CONVERSION TABLES (Continued)
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CHAPTER 1 - SUMMARY

The purposé of this study is to develbp'tﬁe drainage master
plan for Kuala Kedah t0wn.iﬁ drder to meet both immediate and
future requirements of the drainage to alleviate and/or protect
the fleod problems. The study carried out is_bésidélly in
accordance with'the Terms of Reféreﬁce préepared by the Government
and results of the discussion made with the government officials,
with due consideration of the present and future.development of
the area. TFor sdpplementally information, flow chart indicating
the process of the study for preparation of ﬁaéter plan is presented

as shown in Flgure 1.1.

The Study Area covers the total area of 125 ha (313 acres)
which is identical to the -area that of the Sewerage Study for
Kuala Kedah as presented in the sepaﬁated report. In addition,
the area 6utside'the Study Area, from which stormwater discharges
into the Study_Area;is also considered'és a Contributing'area in
calculating stormwater runoffs for the drainage system planning.

This'contributing area is estimated to be approximately 104 ha

(261 acres). Hence, the total area concerned to this study is

229 ha (574 acres).

For the drainage study, all available informatidn and data
have been collected from the various agencies concerned and
actual field sufvey,_including topographic and street maps, records
of tide levels, expécted land use in target year of 2000, nuisance
flood prone area, condition of existing drainage system. The

results of the survey and investigation, and thier evaluation of

the existing conditions are concluded as follows;






The Study Area is situated in low~lying.and flat coastal plains

with grdund elevation ranging from less than 1 m {3.3 ft) at the
lowest, to 2.6 m (8.6 ft) at the highest. In consequence of
low-lying and flat situation, major parts of the Study Area,
especialiy regibns in fringe of the Sungai Kedah and shore Jine, are
subject to be'éffected_by:tidal.influenéé, and are flooded frequently
by tidal inundation. This is main causes of local flooding in the

Study Areéi

In the Study Area, there are still numefous swamps and paddy field

- now functioning as reservoirs which cut :the peak flow rate and
alleviate floods downstream. It is, however, noted that these areas
will be reclaimed gradually by urban development. Thus, significant
increase of the peak discharge of stromwater runoff is expected to

be effected to the urban drainage of the area in the future.

The existing drainage system consist of open channels, either lined
or unlined, and tidal gates. Those channels are one major drain
and many of road side drains, and the tidal gate exists at the down
stream of major drain. Most of the foad side drains are in the
existing'urbanized area. Although these road side drains can normally
cope with the storm discharge on the present Iand:use condision, mno
proper cleaning for these drains are, hoﬁe#er, provided presently.
If appropriate maintenence measures are taken, the condition will

~ be significantly improved. The major drain is basically natural
stream with earth channel and can geﬁerélly accommodate'the surface
runoff for the storm of 2—year_frequeﬁcy on the ﬁresent land use
condition, However, due mainly to the progress of urbaniéétion of
the area, stofmwater runoff will increése gradually in the future.
Thus this major existing drain is required to be enlarged and lined

to increase its capacity to cope with the increased runoff.

In view of the overéll existing drainage System, the Study Area can
be identified into four independent drainage basins. The basin
mainly occubying the existing urbanized area is situated'a£=the
center of Kuala Kedah covering an area of 136 ha_(340 acres), and

remainings are situated along the Sungai Kedah and coastal line in






very low-lying areas, Out_of these remainings, one which
lines at the northeastern part of the Study Area is situated
at the industrial estate, All of those basins are under the

development ared.

On the basis of the findings on evaluation of the exiéting

condition, and taking into consideration of the development plan

prepared by the Government, the most desirable layout of the

drainagé system is made for solution of the flood problems in the

following:

~ The design work of the drainage facilities proposed is basically.
in accordance with those recommended in DID's "Planning and
Design Procedure No. 1, Urban Drainage Design Standards and Procedure
for Peninsular Malaysia”,:and is carried out by applyving the

Design Mast Plan (DMP) in accordance with the Terms of Reference.

- The proposed drainage basins are basically identical to those of

the existing drainage basins to be divided into four independent
basins consisting of one major basin and three minor basins.

Out of these proposed bésins, trunk drain is considered only in
the major basin area covering the area of 155 ha (388 acres),
while the minor basins have no provision of the trunk drains,
since those basins cover the area Qf.less than 40 ha (100 acres)
which is not necessary tb provide the trumnk drains. These minor
catchments shall be provided with the secondary drain facilities
to be considered in the future study.. |
Basically,.stormwatér discharge from the major basin is first
collected by many of smaller drains, and flows into the proposed
trunk drain. "This trunk drain conmmects finally to the Sungai
Kedah. In the minor basins, collected stofmwater by smaller

drains flow out directly into either sea or the Sungai Kedah.






Since the master plan is to develop the trunk drainage system,
the propoééd drainage syétem‘coveriﬂg the whole étudy Area
consists of one trunk drain only, which is provided in one
major basin, while, for estimation of the total prﬁject cost,
smaller drain net works are also considered and then designed
on the basis of the provisional road net works supplied by the
‘development plan.

The proposed route of the trunk drain is basically same as that
of the existing natural stream. The type of this drain is of
rubble wall with mortar lining by way of improviﬁg existing
natural water courses, taking into account the advantages on

hydraulix, economic and esthetic pointsl

- In the actual design of the trunk drainage system, it is found
that no provision of the pumping and stofagé facilities is
necessary for the proposed drainage system, since the existing
low-lying areas are expécted to be reclaimed in the future by

development programme.

On the basis of the preliminary engineering design, the total
construction cost and maintenence cost per year of proposed trunk
drain and sﬁaller drains are estimated to be M$4,260,000 and
M$50,900 per year respectively.

The estimated construction cost is divided into two sources of
contribution, namely Government and private, The private contribution
is based on the assuﬁption that all smaller drains in undeveloped
areas would be provided by pfi&ate developers. The Government will
contribute the costs of.proposed trunk drain which can be accommodated
in the catchment area exceeding 40 ha (100 acres), together with
smaller drains required for fufther_improvement in existing.built

up areas. _ : ' _

No implementation schedule for the proposed drainage system for

the Study Area has been provided in this study, because the provision
of the drainage facilities should be determined in accordance with

priorities






to be established based on urgency and available magnitude of
the investment for whole of the municipal boundary; and the Study

Area 1% only a part of Kota Setar municipality.

‘However, various tvpes of benefit will be derived from the
implementation of the proposed drainage facilities.
Thé anticipéted benefits include the prevention of the occurrence
of flood damage, improvement of public health and convenience
of community, and increase of land value. Although most of the
benefits are not fully guantifiable, it is evident that there
will be high social benefits together with the environmental

improvement of the areas.






Figure 1.1 Working Flow Sheet for Drainage Master Plan
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CHAPTER 2 - INTROULUCTION

The city of KotafSetar'inélﬁding Alor Setar and.Kuala Kedah
towns havé been cﬁrrehtly*ékperienéed'of:the flood problems, qihce
no adequate drainage system exists except the limited areas ‘with smaller
drainage fac1lit1es in the C1ty as a whole. Generally, the existing
dlainage system consists of natural and p:ecemeal improved water course
with meandering alignment with varied widths and depths, Most of
these drains are heavily silted_and in many cases inadequate to
accommodate the runoff from heavy rain storm, thus causing frequent
flboding'in'many:places throughbuf the éity. Further, due to the
rapid development, numeroﬁs swamps and paddy field now functioning
as reservoirs for coﬁtrolling cdnSiderable flooding are demolishing.
Significant increase of the peak discharge of stormwater runoff shall
be consequently expected in the future, and flooding will be more
significant in the area, if there is no provision of the adequate
drainage system. Accordingly it is emphaaized'that a comprehensive
planning of drainage system is necessary to establish 1mmed1ately for
alleviation of the flooding problems by way of prov1810n of an
adequate facilities to meet the present and future requirement w1th due

con81deration on the development programme for the city.

The State Government of Kedah has long been cognizant of the
actual situation mentiocned above, and, in 1979, developed the
comprehensive drainage master plan covering for the area of Alor Setar
town and its.urBan enﬁirons, in order to determine the necessary'works
for.alleviation of floods and future requirements, while the area
of Kuala Kedah town has been excluded. The provision of an adequate
drainage system for Kuala Kedah fown is also an urgent requirement
for the aréé to alleviate thé‘flood problems which has currently been

experienced, and to meet the future development.






Based on thé'above backorohnd the study of this veport under
this Project 18 to provide in developlng a programme to establish
the master plan df drainage bystem for Kuala Kedah town, in accordance
with the Terms of Reference prepared by the Government of Malaysia

and the discussion held with the Government officials concerened.

Due to the fact: that Kuala Kedah town has been incorporated w1thin
the munlcipallty same as that of Alor Setar town, . the determ1nation
of the priorlty for drainage 1mp1ementat10n and reasonalbe magnltude
of the investment should be made in v1ew of the overall works requlred
in entire area of the city including Alor Setar and Kuala Kedah towns
Therefore, this report shall be read in line with the Dlainage Master

“Plan -for Alor Setar prepared by the State Government of Kedah.






' CHAPTER 3 ~ BACKGROUND iNFORﬁATiON'FORZTHE STUDY

1. TLOCATION AND HISTRICAL BACKGROUND OF THE STUDY AREA

The town of Kuala Kedah, the Study Area for Dralnage Master Plan,
is sLtuated at the western tip of Kota Setar Dlstrlct in the State
of Kedah which is divided 1nto il dlStrlCt Cand to the west about
8 km (5 mlles) from the center of Alor Setar town,'as shown in
Figure 3, 1. It is 1y1ng along the estuary of Suugal Kedah
on the north, and the Stralts of Malacca on the west, Further,
the reqlon to. the south and to the northerneast of the town is

overspread with the paddy fleld toward the Alor Setar town.

Basically, the town has beeh'developed:as a fishing'village
in the past due to .the fact that there exist beneficial flshlnq

grounds - alonq the coast.

At present, both the large scale haUS1ng development schemes and
development of 1ndustr1a1 estates are ﬂnderway by the
Government at the western part of Jalan Sungalr Kedah and northern
'-part of the town along the estuary of Sungal Kedah respectlvely
‘Effort on. 1mprovement and future requlrements of the dralnage system
for these areas is, hence, necessaxry taking into con51derat10n of
the overall towﬁ planniﬁg,.to eneure the provision of necessary

infrastructural facilities.



N

SCALE
| 60, 000

0 1o - 20 KILOMETER

1o

e

2.0 NILE

LEGEND

e G tudy Area

MASTER PL

SEWERAGE: 'AND . ORAINAGE SYSTEM "PROJEGT .IN
-ALOR SETAR _AND

AN AND FEASIBIL [TY. -STUDY .FOR .

TS URBAN  ENVIRONS

LOCATION OF STUDY. AREA







2. PHYSICAL CHARJ\CTERISTICS.
2.1 Geology and Topography

The town of Kuala Kedah lles in the very flat reglon in general,
Wlth hlgh land areas of maximum of ‘about 2.6 m (8.6 £ty elevatlon

above- the mean sea water level.

Although sufficient data are not avallable to 1ndlcate the s0il
condltlons in the town area, 1t is characterized generally by

analluvial clay with fine sand and vary high ground-water table .

_ In consequence of 1ow~ly1ng and flat 51tuat10n, cons;derable
parts of the town are swampy and flooded during the monsoon season.
Furthermore, major streams are basically influenced by:tidal flowsg, thus
causing tidal 1nundat10n, due to flat gradient of streams and heavy

sedimentation of the garbagé in the streams.
2.2 Climate

The cllmate is troplcal the north-east monsoon of a dry season
from October to February, and the south-west monsoon of a wet season
from April to September. . Further, inter monsoon also occurs between

the north-east and south-west monsoons.

The south-west monsoon:brings'heavy and long duration of rain
storms hauihg two peaks on_May'and September, while the north;east mensoon
characterizes comparatiVély‘iess precipitation due to interruption by.
the.ielande of Sumatré For the inter monsoon, there are two seasons
of about eight weeks duration. No'prevalllng winds blow at these tines,

but there is abundant daily oceasional rain.

11






Témpérature is relétively.constAht.éhroughout'the year and the
average monthly temperatures'Vary‘Only by about 2°C with a low of
about 26°C and a.high of abdut 28°C,  However, the'daily temperatures
range from a mean day time max;mum of 36°C to a mean maximum of ?7°C
at’ nlght The mean annual prec1pltat10n in the 1ast 27 years
{1951 to 1977) 1s about 2,180 mm,of whlch more than 90% is occurred _
during the months from March to November, but the ‘maximum 24 hr ralnfull
occurred in 1970 amounting to 154.7 mm (39 3 in.), according - to the
Meteorologlcal Department data obtained.at the observation staLlon,

Alor Setar. Winds are generally gentle, and humidity is relatively '

high.

12






3. ©LAND USE AND POPULATION

3.1 Present Land Use

; . e - :

On the basis of the findings of survey and data obtained from the
Government OfflClaIS concerned to the Project, the entire town area
is lelded appropr:ately inte the five categorles of land use pattern,
namely (1) residential, (2) commercial, (3) 1ndUStr1alt {4) schools,

~and (5) agricultural areas as shown in Figure 3.2.

The <stimated acreage of present land use according to the five

' categories is presented in table 3.1.

Table 3.1 Present Land Use in 1979

Land‘bse ~_Area t{ha) Prorated Ratio (%) -
'Residential Area 56.4 45.1
Commercial Area 14.0 11.2

Industrial Area 1.6 _ 1.3

Schools - 2.6 2.1

Agricultiral Area 50.4 40.3
Total . 125.0 100

-Presently;.residential and agricultural areés.occupy
'predomlnantly in the town area, while the development of 1ndustr1a1
estate whlch locates at the northern reglon of the town along the
SungalKedah-ls now underway by the Government. Hence, present land

use pattern‘wiil-be modified significantly in the near future.
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3.2 Present Population

Statistics of population available in the town together with
entire Kedah State ineluding Alor Setar town are only for the year .
1970, which shows the total population of 7665 for the towr

with_eﬁumérated population by blocks.

As discussed.in the separatéd report on.Sewerage Study, for
determination of the present population in 1979, an attempt was
made in terms of overall population distribution COVering the entiré area
of Alor Setar and Kuaia Kedah towns, on the basis of (1} aSSumption
on the natural average annual growth rate to be 2.7_§efcént'in the.
year from 1970 to 1979, using. the rate estimated in the Kedah-Perlie
Devélopment Study Report, 1978, énd (2) consideration on migration
in relation to sociai factors due to the industrial and agricultural

development.

From the above referred stﬁdy, the total present population in
1979 for the town is estimated to be approximately 29,100, which indicates

average population density of -about of 73 pefsons/ha;
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4, RIVER, DRAINAGE AND TRRIGATION SYSTEMS
4.1 River and Drainage Systems

The tewn area is situated at theée c¢castal region along the

month of the Sungai Kedah.

The'Sdegei Kedah flows from east tb west toward the Straite
of Malacca through Alor Setar town, and is very flat;"tidal river"
which is. influenced by the ocean tides, with meandefing conditien
of  varied widthq and depths Since bunds of the Sungal Kedah
were constructed on the way from the town to the tidal barrage which
exisits at about 12 km upstreanfrom the river month, significant
_tidel‘inundatioh in the coastal region arround the town has been
avoided. Howeve¥r, in consequeﬁce of low-lying aﬁd flat situations
ranging from about 0.9 m {(3.ft) to 2.6 m (8.6 ft) above the mean
sed ﬁater ievei, considerable parts of tﬁe town arexsubjeet to back’
up of the sea water inflows which necessitates to nrov1de the leal
gate for the existing outlet drains, and are liable to occurrence of

-the flooding or 1nundat10n, espe01a11y in undeveloped areas.

The'existing drainage facilities in the town are meetly of
open channele,eitherAliﬁed or unlined, consisting of trunk, secondary
and road side drains. Most of major drains are basically natural
watercourses with piecemeal improved drains. Many of those are heavily
silted and the capacity is reduced accordingly. These inadequate.draine
are the mailn cause of flooding. Details ara described in the succeed-

ing Chapter of this Report, Section 5, Chapter 4.

In general, although rehabilitation and eonstruetion as well as
maintenahce of the trunk drains serving the areca of above 100 areas,
are undeftaken by the State Drainage and Irrigatien Department (DID),
the trunk drain within the town area are still under the responsibility

of Muda Agrlcultural Development Authorlty (MADA) The secondarv and

other smaller drains (or 1nfrastructural dralns, generally road side
drains) are under the responsibility of both Munlclpallty {(MPKS) and
JKR.
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4.2 Irrigation System

Ae discussed in details in the Sewerage Study Repert, vol.I,
the Muda Agrlcultural Development Authority (MADA), quasi- government
agency establlshed in 1970 is undertaklng ‘develqpment of the
irrigation scheme in Kedah and Perlis States. ’
The scheme covers the total area of 950. km? (237,000.e6res) inclu&ing
the sufroundihg area of the town, in the coastal aliuvial plain of
two Stetes. ‘The 1rr1gat10n system consists of irrvigation channels,

drains and auxiliary fa01lit1es, which is provided for the paddy field.

Although same major drain within the town area still exists under
the'résponeibility of MADA for irrigation together wifh for urban
drainage, it is noted that, thoee drainsg are transferred to DID, and
.converted into urbdn dralnage system, in accordance with the agreement
made between DID and MADA, . and no discharge is expected to flow into
urban drains ffom_the'paddy field, according to the infbrmatien obtained
from MADA and‘DID during the course of the study, It is; therefore,
con51dered that the used water for 1rrlgatlon do not affect to the urban
drainage function vhen agrlcultural area w1th1n the town area would

completely urbanized in the Ffuture,
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5. PREVIOUS STUDIES

Relevant or referential report and studies to this Project are

discussed herewith.
5.1 Preliminary Report on Alor Setar Town brainage

In 1971, the:Repbrt on Alor Setar Town Drainage was prépared
by Messrs. Gdnendra Ahmad & Assoc1ates of Kuala Lumpur for Alor Setar

town which was admlnlstered by the- then Majlis Bandaran Alor Setar who .

was later included in the Maglas Perbandaran Kota Setar {(MPKS) since

~1977, with it new organizatién-set-up.

Preliminary objective of this study was to establish the drainage
system including the improvement of then existing internal drainage system

within the town council area of Alor. Setar, for solving the flood problems.

The report contained the_analyées of river flooding in Ehe Suhgai Kedah
and Sungai Anak Bukit and preliminary:design of the propoused drainage -
systém in Alor Setar town, and pointed out. that some storage capacity
with the provision of pumping facilities would be necessary
in the main drains within the town area, according to the flood.
analyses based on maximum intensities of storm level. it alsc
included the implemehtation programme for improvement of the existing

main drains on the basis of the engineering works recommended.

- In addition to the above référred'repoft; Supplementary Report on
Rlor Setar Town Dfainaqe was also prepared in 1972. fThe purpose of this
supplement was to clarify certaln agspects of the preV1ous report which

arose in the dlscu551on with the government OfflClalS
5.2 Alor Setar Master Drainage Plan

To establish .a comprehensive planning of drainage system for Alor
Setar town, a study”haé been undertaken by DID since 1978, on the basis

of the Preliminary:Repbrtjon Alor Setar Town Drainage as mentioned

previously, and the Draft Report on Alor Setar Master Drainage Plan
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was Prepared in March.1979, in which cértain reviéion_has been made

- on the previous reporis.

The study covered the total area of 3,584 ha (14 sq. miles) . of

Alor Setar Conurbation, in developing the adequate draihage system

‘and the flood mitigation measures. TFor the flood mitigation measures,

it recommended that major portion of both Sungai Kedah and Sunigai
Anak Bukit are necessary to be provided ﬁith the river bunds to protect
the town from the high water levels in the rivers especially when
coincidence of high spring tide level and high flood flows in the
upstream of trunk drains within the town aréa during the monsoon

pericd occurs.

As mentloned .above “and - 1n the previous paragraph, both of the
reports: by DID and MPKS have ‘covered only for the area of Alor Setar
town and/or Alor Setar Conurbatlon excluding the Kuala Kedah tows,

S0 far, no attempt has been made to prepate a comprehen31ve planniﬁg
of drainage system for Kuala Kedah town, although it is also included
in the éamé city bfganizétidh-as that of Alor Setar town, and problems

of flooding have occurred frequently within the town.
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CHAPTER 4 - DRAINAGE STUDY

1, STUDY AREA

As discusqed in previous Chapters, and in accordance w1th the

Terms of Reference of ‘Master Drainage’ Plan for Alor Setar Conurbation

'prepared by the Government of Malaysia for this Project, the "area for
~ drainage work to be covered by this study for preparation of the master

plan is limited to Kuala Kedah town,

For delineation of the Study Area, comprehen51ve dlscusslons
have been made with CGovermment Offlcials such as MADA TCP and DID
during the course of the study. Through the dlscu851ons, 1t is considered
approprlate that the Study Area COnSLdEled for pr0v1slon of the drainage
system under this Project is to be 125 ha (313 acres) approx1mate1y,_
which is identical to the area for seaerage etudy for Kuala Kedah as
shown in Figure 4, 1. Moreover, for planning of the - dralnage capacities,
approx1mately 104 ha (261 acres) of tributary outside the Study’ Area
is considered because such trlbutary contributes its storm runoff to

the urban drainage within the Study Area.

: Hence, the total area concerned for the dralnage study under
thlS PrOJect is 229 ha (574 acres) approximately; but no facilities
will be planned for tributary areas mentioned above, in this master

plan.
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2. TERMS OF THE STUDY

In accordance Wlth the Terms of Reference of Master Dralnage
Plan for Alor Setar Conurbatlon prepared by the Government of

Malaysia for this Project, -and discussions held with Covernment Offlcials,

the’ follow1ng terms are presented for preparation of the draluage master plan,
2.1 Trunk Dtainage System

The master plan is to establish the trunk drainage system for
Kuala Xedah town in order to meet both immediate and future

requireﬁent for solving the flood problenms.

A trunk drain shall generally serve per area of more than épproximéfely
40 ha (100 acres). An area serving less than the above is covered
by the secondary drainage system which will be provided by the

further study (Fea51b111ty Study) .

Generally, a secondary drain shall serve per area of approx1mately

4 ha (lO acres) according to the DID definition.
2.2 Design'Master Plan and Prevertive Master Plan
(a) Design Master Plan (DMP)

Thhsplan shall be made for the built-up areas. Its objective
is to prepare comprehensive long-range plan fox the sglution of
existing drainage problems in the built-up areas.

{b) Preventive Maéter Plan {(PMP)"
The objective of this plan is to prepare drainage strategies

for the undeveloped areas to prevent drainage problems from

occurence of future urban development of the land.
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3. TUTURE LAND USE AND'POPULATION PROJECTILON
3.1 Future Land Use

The characteristics of the storm water runoff is significantly

affected by the land use pattern of the area.

At present, numerous agricultural areas still exist withino the -
- Study Area, which conveniently serve to prevent the storm water inflows

into the urban drainage.

However, due mainly to the development of the town in the future,
it is expected that most of those areas will be covered by other land
use categories such as residential, commerciélfand industrial areas,

thus'stormwater‘runoff increasing into the urban drainage.

For design of the drainage system, the land use pattern for the
yvear 2,000 has been taken into consideration, and is developed with

due consideration on the development plan as mentioned above.

On the basis of the existing land use and in consultation with

TCP, future land use plan is devéloped aé shown in Table 4.1 and Figure 4.2.
The land use pattern applied for this study is that whole of the |

Study Area will essentially be urbanized and no agricultural area will
remain by the target year of 2,000. It is planned to be ciassified

into three'cétegories, such aé résidentiai, commercial and industriél

areas in the target year,cohverting the present agricultural areas '

owing to.the developmeht programme ﬁithin the Séudy Area as mentioned

above.

Table 4.1 Future Land Use in 2000

(ha)
Area Prorated Ratio (%)
Residential Area 89.0 71.0
. Commercial Area .18.0 14.5
Industrial Area 18.0 14.5

Total 125.0 100
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3.2 Population Projection

as discussed in. previous Chapter, the estimated. total
populéﬁiqn of the Study Axea .for the yeat 1970 and 1979 is
7665 and 9100 :espéctively. On the basis of rhe above pobulation
_estimaﬁes; and. in Accordance with the land use pattern developed
for the year 2000, pqpulaﬁibn in 2000 for the Study Aréa is
estimated to be 12,900. ° This is based on the consideration of
overall view of population projection covering Alor Setar arnd
Kuala Kedah towns as discussed.in details in the separated report

on Sewerage Study.
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4. DESIGN BASIS

Désigh criteria'présented heféih'are‘basicaliy in accordance
with those recommended in DID'S'“Planhing and Design Procedure
No, 1, Urban'Drainage Design Standards and Procedures for

Peninsular Malaysia®

Followings are brief description on the design basis adopted

foxr the study.
4.1 Sea Water Level Uséd for Design

The reference data used in this study are those established
in the Malaysian Survey Ordinance Datum, of which the zero point

is mean sea water level (1912 determination) .

The ground elevations used for this study are expressed in
a reduced level (RL) which is identical to the zero level of
thé_Survey-Ordinance Datum. All levels are referred to the

Malayéian Survey Ordinance Datum.

For design basis of the drainage study, following sea water
levels are used as referred in the Terms of Referernce prepared

by the Government of Malaysia,
BHWL (highest recorded level, SOD + 2.23 m (+7.3 ft)
‘high water spring tide) :
HWL: {(high water levél) " 4+ 1.68m (+5.5 ft)

MHWL - {mean high water level, " +1.53 m.(+5.0 £t)
spring. tide) : :

LWL {low water level) " - 0.46 m (1.5 ft)

SOD: Survey Ordinance Datum which is the height above mean

sea level at Port Swettenham in 1912

It is expressed as,

mean sea level (1912) .......... SOD + 0.00
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Further, the selected lebels in order to'cafry out the actual
design for determination of the drainage requiréments are deécribed

below:

{a} Fm?ﬂm%mm1$etnmkdmhmmewsmmfmrmemﬁorsmmm
the tailwater is determined'by adopting "Mean High Water

Level (+1.53 m or + 5.0 ft) tide conditions,

(b} PFor designing .the trunk drainage systém for the Initial Storm,
the tailwater is determined by adopting "High Water Level
(+1.68 m or 45,5 ft) tide conditions.

(¢) For design storage systems subject to tidal influence, the

following 1s assumed;

. Tide is diurnal in approximately 12 hours duration
- Rise and fall of tide is sinusoidal

.- High water level is +1.68 m (+5.5 ft) and low level is
~0.46 m (-1.5 ft) '

(d) For land filling, ground elevation to be raised is determined

- by adopting "Highest Recorded Tide Level (R.L. + 2.23 m or + 7.3 ft)

4.2 Stormwater Quantities

As the basis of the engineering design of drainage facilities,
stormwater quantities have to be estimated as accurate as possible,
for which many fbrmulas and methods have been developed. Following.
is to deécribe the vérious factors required for estimation of the

stormwater quantities,
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4.2;1 Runoff Formula

The "Rational Formula" is widely uséed as current practice for
computing guantities of stofmwater runoff. Although it is normal
to'apply:to'the "Rational Method" in which no, storage effects
inside ditches are weighted, the Malaysian Standards
recommended:the use of the "Rational Method" with a storage
coefficient as described follow:

1

Q= *3“6*6 Cs C.I.A.

where Q: peak discharge of return period T yeaxs.(m3/sec)
I: average intensity of rainfall for duration
equal to the time of concentration tc and a return
period T years (mm/hr)
A: calchment area (ha)
C: ‘a runoff coefficient
Cs: storage coefficient which is expressed as

2te
2te + tg

Cg =
ty: ;time of concentration, (min.)

tg: time of flow in the drain, (min.)

The appllcatlon of a runoFf formula modified by a storage
coefficient is preferable in the Study Area which is totally flat

and low-lying.

The relatioﬁship between Cs; te and td in Malaysian Standard
is derived on the basis of the theory acceptable internationally,
and the reésult of its_practicdl applicatidn'on four drainage basins
in Kuala Lumﬁur coincide with those obtained by the more elaborate
routing procedure by way of computer calculation. The derivation of
Cs as a function of tg and tq is eXplained'in "Flood Estimation for
Urban Areas in Penlnsular Malaysia", Hydrologlcal Procedure No. 16,-
published by Mlnlstry of Agrlculture ‘and Rural Development Malay51a
With the background ‘above "Rational Method" w1th storage coefficient

CS, ile., 0= 1/360 Cs.C.I.A. is adopted for ‘this study .
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4.2.2 Rainfall Fraguency for Design

Ba51cally, storm drains could be des1gned to carry the runoff
from the maximum stormwater expected for a glven location.’ However,
it should be noLed that actual design of the dralnage facilities
shall=be made on the basis of thé average fiéquehcieé of rainfall
oceurrence with due consideration on the réasdnable investment for
the implémeﬂtation; Hence, frequéndies of rainfall are necessaxry to

determine for the design purpose.

The standards as for rainfall fregquencies as a basis for the design
of urban drainage systems are two years for residential areas and five
years return period for commercial and industrial areas. These figures
are acdeptéble for the size of municipalities like those in the study
area and also for the sake of design practices. For this Project, therefore,
the same rainfall frequencies as that of the national standards is applied

and summarized below:

Residential Area . 2 years

Commercial & Industrial Areas 5 years

In addition, fOr_checking the trunk drainage system, 100 year
rainfall frequency is also considered in this study. The basic
consideration of the de31gn for the drainage system is that no
inconvenience floodlng from the lnltlal storm (2 or 5 year return
period) and no major damage from the major storm (100 year return

period) are expected.
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4.2 3 Rainfall Intensity ~ Duration - Frequency Formula

For expression of the raihfallfintehsity ~ duration - fréqﬁency
curves following equations have béen devéioped on the basis of the
figure indicatéd on "Rainfall Intensity - Duration - FreQuéncy Relation-
ship", DID's “Planning and Design Procedure No, 1 Urban Dréinége
Design Standards and Procedures for Peninsular Malayéia“, and are applied

for this study.

2 - year frequency I = —2.350 {mm/hr)

2 t + 32

‘ 9,145
5‘“" ? =——._.‘_.._..—-—...,.’
year frequency I5 PRTS (mm/hx}

. 16,500 '
— f I =
100 year frequency oo t + oo (mm/hr)

4.2.4 Runoff Coefficient

Runoff coefficients to be used for the design are determined
taking into account the various type of surface of the study_afea. The
recommended coefficients for the area by types of future land use

are shown in Table 4.2 ({petails refer to Annex A, Stormwater Quantity)

Table 4.2 Runoff Coefficients by Type of Land Use

Land Use " ‘Runoff Coefficient

Residential area ) - 0.65
Commercial area i 0.85
Industrial area '  0.65

30






4.2.5 Time of Concentration

The concept of the time of concentration is used for the
estimation of peak discharge rate derived from rainfall duration

relationship curve for the given frequency.

The time of Concentraﬁion consists of the inlet time of
runoff flow over the ground surface to the nearest drain plus the
time. of flow in the drain from the most remote inlet to the point

under conéideration, as expressed in the following equétion.

te =t bt

where to: time of concentration, (min.)
to: inl_et time, {(min.)
tg: time of flow in the drain, (min.}
The time of flow in drains is estimated depending upon the
hydraulic properties of the individual conduit. Inlet time shall.
be estimated on the basis of situation in the area considered.

In Amnex A "Stormwater Quantity", the estimation of inlet

time is described in details.

4.3 DPbrainage Facilities

A -discussion necessary for the drainage facilities required

‘for design basis of the drainage study, are made as follows:

4.3.1 Storm Drain
. (a) Open channel vs. Closed Conduit

Existing drains in the Study Area are mostly of open channels.

This have considerable advantage over closed conducts, including

cost effectiveness, easeness of maintenencé, elimination of -
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hézardous problems relating to manholes and shallow excavation
réquired. In addition, the shallow cdnstruction requirement
would minimize the crossings with sewer pipes in case of the
éeparate system which is recommended for this Project, as

referred in the Sewerage Study Report.

The major disadvantage, on the other hand, ig that residents

have easy access to the disposal of refuse into drains resulting

in blockages in many places, and are exposed to danger. This dis-
advantage should be however dealt, although it would take time,

by an educational compaign,

On the basis of the above mentioned reasons, basically
open channel will be used for proposed drains. '
{b) Flow Friction Formula

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

Formula is applied and expressed as follows;

v = A g2/3.1/2
n
where Vs velocity, (m/sec.)
n: roughness coefficient
R: hydraulic radius, {(m)

I: gradient

The value of "n" is.depending upon the type of drains as defined

below:

32






Concrete drain

Cast~in-place = 0.015

Pre~cast = 0,013
. Wet masonry drain = 0,025
Earth drain = (0,030

The selection of the type of drain will be made in the actnal
design works taking into account the local situations, and most
economical and feasible means will be pioposed. Evidently, the
earth channel is the cheapest. However, this should be specified with
trapezoidal cross section which result in requirements for land
space larger than the case of rectaﬁgular type. Therefore,
in case of sufficient surface spaées.are not available for drains,
stone masonry channels or rectangular concrete channels would
be proposed. 1In case of smaller racd-side drains, pre-cast
"U".Shape channels are to be used taking_advantage.of the shorter

construction time required and easyness of construction.
{c) Velocity of Flow

To prevent deposition of grit.and sand in storm drains,
the velocity of flow shall not be lower than 0.6 metre per
second (2 ft/sec.) in any type of drain.

Care should also be given to maximum velocity of flow to

prevent erosion of drains. The recomnended minimum and maximum

velocities for various types of drain are summarized below:
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Design Velocity (m/sec)

Type of Drain

Minimum Maximum
concrete Drain _ 0.6 3.0
Stomé Drain : 0.6 : 2.5
Gross Lined Drain 0,6 . 2.2 (1)
Earth Drain 0.6 1.0 (2)
Data source (1) DID'é Procedure

(2) Portier & Sioby

4,3,2 Reservoir

Although a storage_of stormwater reqﬁires generally considerable
land space. , it 1z one of the most.effectiVe.means to reduce the
peak stormwater runmoff. This facility would be, thereforé, considered
in the aétual design wofks for the areas presently undeveloped where

enough land space is_still available. Even when

development is applied in such undevelppéd areas ih the future, the
concept of storing stormwater should be adopted to limit the discharge
to downstream and eliminate the major flood damages. Consequently,
storage of stormwaters would be able to reduce the cost for
improvement of drainage system. For computing the required capacity

of the reservoir, the following processes are taken:

° Develop inflow hydrograph
% Set allowable discharge rate, and

° Calculate required storage capacity of the resorvoir

In general, two types of inflow hydrograph are considered;
one is for the case of tc::Ite and the other for tc = te.
The required capacity is then determined by comparing these two

cases in the manner as illustrated in the following; -
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\\g\\ ;[ allowable diécharge rate

where Va: required storage volume

tc te + td

tc: time of concentration
te: rainfall duration time

td: time of flow in channel

]:allowable discharge rate

where Vb: required stbrage volume

te: time of concentration
_te: rainfall duration time .

td: time of flow. in chanhel

Between Va nd Vb, the larger one should be adopted as the

required storage volume.

4.3.3 Pumping Station

Cutting off back water from rivers or the sea.by_providing
levees or gates, and lifting stormwater runoff discharged within
the closed areas by pumps are the effective countermeasures to

alleviate the floodirng.

Generally, it is, however, noted that the pumping station is
not necessary to be operated so often, because its operatlon is
depending upén the 1ntensaty and frequency of rainfall within the

area. Thus, provision of the pumping station may not be economically

' feasible,
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Further, construction of pumping station may require considerable
amount of initial investment including procurement of equipment
and thelir spare parts, and careful operalion and maintenance services

would be required for maintaining proper function of the statipn.
Taking into account the above mentioned‘disadvantages, the

provision of the pumping station 1s considered carefully in

the actual design works,
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"5, DRAINAGE SYSTEM LAYOUT PLANNING

To provide the most‘desirebie 1ayoﬁt of the drainage sYstem.For
the Study Area, a review and evaluatlon on the present condltlons of
the ex1st1ng dralnage sysLem are necessary steps of the plannlng
consideration. ‘The field reconnaissance and surveys have been therefore
undertaken during the course of the field works, in erder to ascertain
" the drainage reﬁuirements. - The requirements f[or the dralnage
improvement are then identified on the basis of the evaluation of

existing drainage system.

Following paragraphs deal with the analyses of exlstlng condltlon
of the dralnage system and recummendatlon of the proposed drainage
system in the Study Area in order to meet boLh immediate and future

'requlrements for alleviating the flood prob]ems.'

5.1 Review and Evaluation of Ekistinq Drainage System

As discussed in the precedlng Chapter, the Study Area is generally
flat and low-lying, in a tributary of the Sungai Kedah and at the

coastal. region.

In consequence of low-lying and flat situations, major parts of
the Study'Area, especially areas in fringe of the Sungai Kedah and
shore line, are subject to be effected by tidal influence, and are flooded
by tidal inundaﬁion; Moreover, when the flood flows oceurred during.
the high intensity storms coincide with the high spring tide, flooding

areas are spreading within the Study Area.

The causes of flooding in the aree are due‘to lew Qround'elevations
‘as mentioned above and 1nadequate dralns, together w1th pooY main-
tenance, partlcularly, the lack of sufficient smaller
drains. The lpcatlon of the present flood prone areas is shown.in

Figure 4.3,
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However, the eXisting trunk and smaller drains heve generallﬁ

bheen worklng eomparatlvely well so far under the present land use
condition whereby agrlcultural area prevails. However, the rapid

_ urbanizatlon would be resulted in’ the 1nerease of surface water runoff
which cannot be handled by ‘the existing system unless necessary
improvement measures are taken. Tt is also clear that the development
in the upstream of the area 4n which the existing agrlcultural area has
contribute 81gn1f1eantly to allev1ete the burden of flooding, would
contribute to the flood_ln this area in the future. Therefore, it is
apparent that if no countermeasures are taken, the situation will '

be further deteriorated., 1In view of the above overall findinge for
the present drainage conditions in the Study Aree, further evaluation

is made dividing'into_individual present drainage basins.

The present drainage system can be identified into four
1ndependent dralnage basins namely Basins A, X1, X2 and X3, as shown
in Figure 4. 3, The results of:evaluat1on for these individual

‘ drainage basins are deseribed in the'followiﬁg;
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(1) 'Basin A

“This basin has an area of 136 ha (34C acres) which includes
the ﬁajor parts of the urbanized area within the Study Area. Out of
this erea, an area of 68.6 ha (172 acres) lies within the Study Area,
and the area outside the Study Area is, at pfesent, paddy ‘cultivation.

This area is under responsibility of MADA.

At present, an approximately 40 percent within the Study Area in
this basin has been already urbanized mainly by residential area.
Basically, the area is proposed to be developed for residential and
commer01al according to the development plan prepared by TCP, but
the area under the paddy field outside the Study Area is also to be
develpped by the Government in the future for urbanization to be
extended, according to the preliminary information obtained from the

government officials concerned to this Project.

The greund elevation in the urbanized area, esﬁecially newly
developed area in recent years is generally flat with an average of
2m (6.5 ft) above mean sea water level, so that, no 51gn1flcant
flooding has occurred in this area. However, the Kampung aiea which
is situated at the northeast of.this basin and nearby the coastal,
has experienced the nuisance flooding due to the fact that the area
lies at very low ground elevation with about 1 m (3.3 ft). Particularly,
-when the high intensity storm is coupled with the high tide, flooding has

even spread out within the area.

The.eXisting &rainage system in this basin consists of only one
trunk drain and many of secondary drains. The trunk draln runs froia
paddy field on the southwest to the Sungal Kedah on the north throughout
the urbanized area. This drain 1s, at present, utilized for both irrigation
and urban drainage, since MADA is responsible for this drain. ' Although
this drain is ba51cally natural stream with an earth channel with varied

widths and depths, it can generally accommodate the flow capa01ty

from about 5 m3/sec (177 cfs) to 6 m3/sec (212 cfs), which is sufficient
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to flow the surface runoff for the storm of 2- yeax frequency, under the
present ground condltlon. Presently, the Wdter level of fhls draln in
upstream is kept at 1.3 m (4 3 ft) for 1rr1gatlon purpose. ‘This 13' .
controlled by the existing tldal gate which exists at downstream of

the drain. The éxisting tidal éate is eseful in protecting backing up
of the high tide, when appropriately oéefated. In the development plan
prepared by TCP, the trunk drain to be proposed in due course is to

be routed the seme as that of the existing trunk drain. The plan also
ingcludes-the trunk drain reServe wwdth from 20 m (1 chain) to 30 m

(1.5 chaln) This drain reserve width will be useful for the final
design of proposed trunk drain. Generally, the smaller drains in the
urbanized area :in this basin do exist. However, some ‘of these have
inadequate capacity to cater for the runoff from the area, and are not
functlonlng properly due mainly to inadeguate malntenance. In the area’

covered by such dralns; significant floods have occured cccasionally,

(2} ‘Basin X1

This basin covers an area of 17.8 ha (45 acres), which is situated
at the western part of the Study Area bounded by the shore line and the

catchment of Basin A.

The.nerthern part in the region aiong the Sungai Kedah has beeh
already developed for residential and small scale commercial purpocses,
while some of southern parts of this basin are still under the swampy
area. Basically, whole the area of this basin will be developed for
residential and commercial purposes, accordlng to the development plan

by TCP.

In the developed area, the.greund elevation is more'than 2m (6.5 ft),
SO that no significant flood problems have been experienced. However,
since the southern part of about 9.ha {23 acres) where many of the weodeh_
houses are scattered in the area is low-lying with ground elevation of

less than 1 m (3.3 ft), it have been inundated by the high tide.
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The existing drainage system in this basin consilts of mahy small
drains with'éither concrete or earth channel. Most of them are drained.
out directly into sea.  fThe capacity'of these drains has SUfficiént to
cater for the stormwater discharge on the present iand=use condition,

if the better maintenence such as deéiltings are carried out.

{23) Basin X2

This basin is bordered by the Jalan Sungai Kédah on the west and
boundary of the industrial estate where Basin X3 lies on the north-
eastern part of the Study Area. The north and south together with the
boutheastern fringes of this basin are delineated along the Sungai Kedah
and at the paddy field respectively. The total area of this basin is
67.4 ha (169 acres) compriéing Kampung areas in low-lying part and
large scale paddy field. Out of the total érea of this basin, an area
of 20.6 ha (52 acres) lies within the Study Area coverlng both for
r331dent1al and commercial, and rest are cutside the Study Area, which

are currently under paddy field.

Accofding to the preliminary information bhtained from the government
off1c1als, the area outside the Study Area is also expected to be developed
and included in the proposed urbanization area for future development,
together with the area outside the Study Area in Basin A, as mentioned in

preceding paragraph.

out of the area of 20.6 ha (52 acres) which lies within the Stﬁdy
Area in this basin, an area of - 13.2 ha (33 acres) is situated along the
Sungai Kedah in very low-lying w1th ground elevation of less than 1 m
_(3,3 ft}. This area occurs frequently-the flooding and jnundation by
high tide. The rest of the area have relatively high ground elevations
at about 1 8 m (5.9 ft), which do not cause the algnlflcant floodlng.
However, when the high intensity storms c01nq1de with the high tide,
those areés are also subject to flooding. The existing drainage con-
ditiong in this basin_are- rather poor. Most of drains consist of
natural streams which.should be improﬁed to meet the flow capacity from

either present and future surface conditions.
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(4) Basin X3

This basin has an area of 18 ha (45 acres), which is situated at
the northeastern part of the Study Area along the Sungal Kedah.
Wwhole area of this b351n is proposed: to be developed for the industrial

estate, according to the dévelopment plan prepared by SEDC.

Presenflye whole area of this basin is surrounded by the. road
with the high ground elevation at more than 2 m (6 5 ft) which is
utilized as a 11ver bund, and have an effect on protectlng the river
flooding. The most of the area surrounded by the . road- are stlll vacant
low-lying area at about_l m (3.3 ft).ground elevation except the reclaimed
land for existing four factories. The ground elevation in this reclaimed
land is same as the road hight of 2 m (6.5 ft). This ground elevetion

is appropriate to contribute the protection of river flooding.

Since this basin is still mostly undeveloped, the existing drains
in this basin consist of only road side ‘drains which in'developed areas
where a few factories are already located as mentloned above. The storm
runoff through those drains are well dlscharged by grav1ty flow into
the Sungal Kedah dlrectly .The other areas under undevelcpment low—lylng

areas have no facilities so far.
5.2 Recommended Layout Planning for Drainage System

"On the- ba51s of the findings on evaluation of the ex1st1ng drainage
condltlons as mentioned in prev1ous sectlon, the most desirable layout
of the drainage system is made for solutlon of the flood problems.

The basic approach and major items conSLdered in the study may include:

(a) Improvement of exlstlng dralns and/or PrOVlSlOD of new

dralns for collection and conveyance systems of stormwaters. .

(b) 'Storage of stormwaters in dSSlgned area for allev1at1ng flood

in downstream areas.
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(¢) Shutting out: the back water by gates or levees; and
where necessary, draining off the stoymwater runoff.
to the river by means of pumps during the period of

‘high water levels in the river.
(d) Raising of ground elevations by land £illing.

In view of the above basic considerations, the best suited
drainage system for the Study Area is selected and recommended there-

after.

5.2.1. Proposed Individual Drainage Basin

Dellneatlon of the dralnage basins proposed lS bas1cally indentical
to that of the existing drainage basins d]Vlded by an overall review
of the actual present drainage conditions. The parts of Basin X2 are,
- however, shifted to 1ncorporate 1nto Ba51n A, in accordance with the
development plan prepared by TCD on’ which the development of those areas
would be performed and should include necessary provision for drainage
reqoirements._ The areas shifted into Basin A from Bésin X2 are those
under the commercial area whlch is situated in tho region along the
Jalan Sungai Kedah, together w1th the contrlbutlng area where some

number of- houses are scattered along the Jalan Sungal Kedah.

Hence, those individual drainage basins proposed are shOWn in
Table 4.3 and Figure 4.4 .  The proposed drainage facilities consist
of oné-major basin and three mihor Jbasins. The major basin'is given
to undertake the provision of trunk dralnage system Logether with
adequate secondary drains, while the minor ba51ns would be by the
secondary drainage‘system to bé cohéideréd in the further study
(Feasibility Study). Brief descriptiohs of each proposed drainage

basin are as. follows:
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Table 4.3 Proposed Drainage Basin

Name of Area served within Area served Total

Drainage Basin the Study Area for outside of the
provision of the Study Area
Drainage Systen (Contributing -
Area)
A 76.0 ha (190'acres) 79.0 ha (198 acres) ‘155 hé
_ _ - (388 acres)
x1 _ 17.8 ha ( 45 acres) ~ ' 17.8 ha

{( 45 acres)

X2 13.2 ha ( 33 acres)  25.2 ha ( 63 acres) 38.4 ha
{ 96 acres}

X3 © 18.0 ha ( 45 acres) - "18.0 ha
( 45 acres)

Total 125.0 ha (313 acres) 104.2 ha (261 acres) :229L2.ha
: ’ (574 acres)

(1) Basin A

This basin is proposed as a major bazin covering the area of

155 ha (388 acres), which is necessary to provide the trunk drainage
system; Out of the area covered by this basin, the provision of drainage
facilities including truhk and smaller drains shall be that of the aréa
of 76 ha (190 acres) which lies within the Study Area, since the rest

of the area is consideréd to be contributing area. For calculatioh:of
thé stormwaters, .it is, however, noted tha£ the storm runoff from the
cdntributing area is estimated to have identiéal burden of discharge
originated in the Study Area, because the bontributinq area delineated
is also expected to be developed by the Government.for extension of the

urbanization, as discussed previocusly.

In Vieﬁ of the present situation in this basin, it is found that
the grouﬁd elevation in built up areas is generally high at more than
2 m_(645 £t}, and the rest under the undevelopment at present is also
expected to be faised its ground level by land:filiing, in accordance

with the development plan.
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Hence, whole area of thls basin is expected to be sufflcrent to
.dlscharge the surface runoff for the stoxm of Lb-~year fregquency of the
future ldnd use condltlon, corn01dlng with Mean High Water Level (MHWL)
at 1.5 n (5.0 ft), 1f the edequate dralns would be provlded._ Thus no
prov1310n of the pumplng and storage facilities is necessary to consrder
for'this'basln. For development area, it is however reocommended that
the land filling should be at 2.4 m (8 ft) ground level for protectlon

of the maximum tide recorded at 2.2 m (7.3 ft)

(2) Basin X1

Thrs basrn covers an. area of approx1mately 18 ha (45 acres)
It is apparent that the provision of the dralnage system in thls basin

shall be by the adequate smaller dralns.

The discharge of the storm runoff from thlS ba51n 1s proposed to
be dlrectly into sea through the smaller dralns, thus each smaller drains
: should have adquate individual outlets to be provided. As dlscussed
in the preceding section, whole area of this basin w1ll be baSICelly
_developed Wlth the land reclamation. The land level . in those areas

should be raised at 2.4 m (8 £ft) for protectlon of the maximum tlde.

{3) Basin X2

ThJs basin is the one modlfyrng the ex1st1ng drainage catchment
‘area as mentloned in prev1ous paragrdph.' The area covered by this
basin 1s'to be approx1mately 38 ha (96 acres) 1nclud1ng the contrlbutlng

area.

Presently, major part of the area delineated within the Study
Area in this besin, where there exist the'Kampung area, is situated in
low—lylng along the Sungal Kedah. Those areas are not able to protect

the flood problems unless the river bund together with pumplng facilities
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is. ptovided. However, 51nce who]e area of thlS basln lS ‘undey deve]opment
plan whlch will be undertaken by the Government, as dJSCussed preV1ously,
they are expected to be redeveloped and reclalmed the land at reaSOnable '
ground elevations in the future. fThus no pumping. facilities are necessary -
to provide for the drainage System in this basin. The land filling

proposed‘is to be 2.4 m (8 ft).

(4) Basin X3

This basin occupies the entire area of industrial estate covering

the area of 18 ha (45 acres).

The drainage'sYStem'io'this_basin will consist of ﬁany smaller
drains. The net work of ‘those smaller drains will be made in accordance
with the developﬁent plan for industrial estate prepared by SEDC.

At present, most of.areas in this basin are still under undevelopment
area. Those arcas should be reclaimed at 2.4 m (8 ft), and an adequate.

smaller drains are then provided.

5.2,2 Proposed Drainage Facilities-

In view of the overall anal?ses of the drainage study. only one
truhk.drain which is routed in the Basin a, is proposed in the entire
Study aArea. ‘Further, it is considered that 31nce whole the Studv Area
.1s placed under the development area in which the ground elevatlon shall
be raised by land filling, no. .provision of pumplng and .storage fac111t1es
is necessary in ‘order to alleV1ate the flood problems due mainly. to
hlgh tide and high 1nten51ty storms. ' Recommendation and proposals are

descrlbed below:
(a) ' Trunk Drain
- Fox design of the trunk drain, it is noted that the study is undertaken

by applying the Design Master Plan (DMP) in accofdance with the Terms of

Reference prepared by the Government.
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Recommended layout together with tﬁe proposed individual.drainage
basins and profile of the trunk draln are shown in rlgure 4.4 and

Plgure B. l presented in Annex B respectlvely.

The proposed route of the trunk drain is basrcally same ‘as the
ex1stlng natural water course which 1s, at present, undertaken by MADA,
from the frlnge of SOuthwestern part’ of the Study Area through the
urbanlzed area to the Sungai Kedah on the north. The w1dth of reserves
for the proposed trunk drain is determlned upon final development of '

land, taking 1nt0 account of the development plan

~ Fox selectlon ‘of the type of drain, three types of drain,

(1) trape201dal section of rubble wall, (2) rectangular section of
reinforced concrete, and (3) earthern channel, have first been considered
as alternatlves, and economlc analysis was made among those types of .
drains in terms of the constructlon cost estlmated by cost funotlon
curves dtveloped as presented in Annex B. (Plgure B.3) Due to the
_flat gradient, a large cross'sectional area is basically required.
Thus, the selected tybe of the'proposed trunk drain'islof-rubble wall
with mortar linin§ taking into_consideration_of the advantages on
hydrauiic, economic and esthetio points. The proposed cross section of

the trunk drain -is shown in Figure B.J presented in Annex B.

(b} Smalier Drain {$econdary Drain)

Since the purpose of the master plan for this study is to develop
the trunk drainage system as mentioned in precedlng sectlon, no smal}_er=
dralns are proposed in thlS study. However, for estlmatlon of the total
project cost in ordexr to provrde ‘an adequate dralnage system in the
Study Area, the typlcal network of smaller drains 1s con51dered on the
basis of the development plan and then designed in order to find out

the required facilities.
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Besically,rpre—éaqt'“U"“shepe drains and for larger.sizes, xubble
wall channels will be used for smaller draing, because of advdntages '
in which the land space w11l be conserved and maximum development will
be permltted, and oconomlc view p01nts. The network of smaller draing
coneldered as discussed .in succeedlng section will be illustrative for

prov151on of the smaller drainage system,

50






6. NOTE ON.IMPLEMENTATION OF THE PRDPOSED TRUNK DRATN

Because the time schedule for future urban development programme is
not definite, theoimplémentation of the'proposed trunk drain should be
determined carefully,_ Basrcally, the 1mplementdtlon of the proposed
trunk drain shall be required pursuant to progress of the urban

developnent programme.

‘Presently, the existing trunk draln, which should be. 1mproved as
the proposed trunk draln, has sufflclent capacltv to flow the surface
runoff on the present land use condltlon. Thus no hlgh priority is
necessary for immediate 1mplementat10n of the proposed trunk drain

uriless the urban development programme is taken up urgently.

In the. ekisting trunk drainage system, there exists- the tidal
gates Wthh utilize for controlllng the water levels in the upstream _
of the draln, and: protectlng the backlng up of the hlgh tide. The water

levels kept at reasonable hight are due to irrigation purpose.

When urban devélopment programme is practicable, the need for
controlling the ﬁater level and protecting the backing up of_the high
tide:disappears, because no agricultural area is remaining and land
elevations in low-lying areas are expected to be raised by land
reclamation to meet the high tido. Therefore, no tidal gate has been-
proposed in the actﬁal design for the proposed trunk drainage system.
However, as long_as'the_aqricultural area exist at the upstream of the
proposed trunk drain, whichxhas béen considered as a contribﬁting area
for calculating the stormwarer.runoff into £he urban.drainage, the tidal

gate would be still in use for irrigétion-purpose,

The above should be kept in_mipd for implementarion-of the proposed
 trunk drain. The priority.requirea for the drainage implementétion in
the Study Area shall be basically_given in developing the . smaller
drainage system. together wlth.the land réclamaﬁion in accordance with
the development programme. .fhe propesed trunk drain.shall be then

required to .meet the progress of the urbanization.
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7, CONSTRUCTION AND MAINTENANCE COSTS
7.1  Construction Cost

Constructlon costs for the Progect,may be defuned as the sum of
all expendltures required te bring the Progect to campletlon. These
expendltures are divided into direct items and 1nd1reat 1tems, in-
.cludlng crvrl works,'lnstallatlon of the equlpment, contractor's proflts
and overhead and all related constructron ‘works. The estimated

construction costs are described below:

7.1.1 UnittCost

For estlmatlng the constructlon costs of the proposed dralnage_
‘fa0111t1es, the 1nformatlon and data on materlals and labour costs in
the Study Area have been collected from varlous BOUrces durlng the-
course of the fleld_works. The sources of the 1nformatlon and data

are:

1

MPKS (Alor Setar)

1

JKR (Alor Setar)
- ED, MPPP (Penang)

Various local contractors and manufactures

All bésic costs collected from the above sosrces are ekpressed in
1979 price levels'in Malaysia. Using the basic costs obtained, unit _
costs for constructlon including both labour and materlals are estlmated
with due consideration. on the methods of construotlon and sultable
constructlon materials 1nclud1ng ablllty of local contractors and
avallablllty of local materlals.. These'estlmated unit costs together

with. the basic prices of materials are summarized in Table 4.4,

In addltlon, for estlmatlon of the constructlon cost of smaller
dralnS, the typlcal networks of . smaller dralns ‘have flrst been conSAdered
on the ba51s of the road networks planned in the development area, and

prellmlnary .design has been then made.
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The networks made for smaller dralns are of three typ:cal areas, namely _
resldentlal commerclal and 1ndustlia1 as shown in: Flgures ‘B.4, ‘B. o and B.6 pre--
scnted 1n Annex B. _ The recommended smaller dralns in those areas are: of "U"
shape pre“cast concrete and rubble wall open channe]s, ‘taking into account
the cconomlc polnt and eas1ness of the constructlon. Constructlon cost
of those smaller dralns are then estlmated by use’ of the cost function
curves developed as’ shown in Flgure B.3 presented in Annex B. The costs
reflected Ly the curves 1nclude excavatlon, dewaterlng, backfllllng,
dlsposal of surplus soll, material and labour for structures, and

contractor s prof;t and overhead.

- From the above study, the'estimatedtconstruction costs of smaller

drains in each typical_areas, in tems of the per hectare are as-beiow:

 Residential Area ' ' 18,000 M$/ha

Commercial Area . _ 24,000 M$/ha
Industrial Arca - 24,000 M$/ha

7.1.2 Construction Cost of Proposed Drainage Facilities

Construction cost of the proposed trunk drain is.estimeted‘in
multiplying the quantlties required in proposed structure by tﬁe unit
conStruction cost, while construction.costs of smaller drains.are
derived from the unit constructlon cost on per hectare as discussed

in previous sectlon.'

Since the proposed trunk dralnage system include box culvert
fac111ty, this constructlon cost is also estlmated by use of the

cost functlon curve developed as presented in Annex B.

| Tﬁe costs comprise materials and 1ebour, contingency allowance,
'englneerlng fee, and land acqu1s1t10n. ‘AS the‘contingencies, 20 percent
of the estlmated actual constructlon costs is added and 10 percent of
Lhe total cost is assumed for. englneerlng fee. Out of the englneerlng
fee, 50 percent is. con51dered for englneerlng deslgn and the remaining

for superv131on servrces for constructlon.-'
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fhefeétimated tbtai construétion cost‘inqludiﬁg propogsed trunk
drain and smaller drains is to be approximately M$4,260,000 at 1979 |
price levels as shown in Table 4.5. As indicated in this Table, the
constrh¢tion costs by privafe contribution is to be estimated on the _
aSsumptiCh.that all smaller drains in undeveloped areas would be provided
by private'developers. The goverrment will contribute'thé éosts'qf pio"
posed trunk drain whiéh can accommodéte'tﬁe catchment area exceeding
40 ha (100 acres), and smaller drains in built up areas. For estimating
the ‘cost for smaller drains in built up areas, it is assumed that an
approximately 30 percent out of the total networks of smaller drains

is necessary to improve or newly provide the smaller drains.
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Table 4.4 Schedule of Unit Construction Costs
(1) Basic Price of Material

Nominal Size _ Price per 0.6l m (2')

including transporting
U shape R
© 300 mm (12') 3.50 -M§
380 mm (15") 4.80
460 mm (1.8™) 6.20
610 mm (24™) 8.50
Box culvert - Price per 1.22 m (4')
o ineluding transporting
610 x 455 (24™ x 18") 183.80 M$
760 x 610 (30" x 24") 217.00
915 x 760 (36" x 30")  251.50
1,220 x 760 (48" x 30") . 324.60
1,220 x 915 (48" x 36") . 342.70
1,830 x 1,220 (72" x 48") 665,80
1,830 x 1,525 (72" x 60") . 742.30
1,830 x 1,830 (72" x 72™) 802.00

(2) 7Unit Construction Cost

Item @ DeScrigfioﬁ ' Unit Cost (M$)

Concrete o 1:2:4 ' m3 156,90
o 1:3:6 _ " 124.20
Reinforced : ' ‘
~ Concrete - 1l 204 m3 : 313.70
Mortar = . : 1.: 2 m3 - 186,50

) . 1:3 u . '182.10
Trénch Fxca- ' :

vation (by hand) =~ ‘depth : '

: . 0-1.5m m3 4.70

1.5 - 3.0 L . 8.60

3.0 - 4.5 "o 11.50

4.5 --6.0 " 15.10

6.0 - 7.5 . ' " ' 18.90

N 7.5 - " 22.50
Excavation _

(by machine) Irrespective of ' :

L depth " - 2.30

Backfilling .

and Compaction m3 3.00

Form Works ' _ : m3 8.20

Masonry Works md 71,00

Dewatering . hr 3.00
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Table 4.5 Construction Costs for Proposed Drainage Facilities (1,000 MS)

Description

- Swaller Drain in Main Drain

Smalier Drain in

{Government

Future Development

Ares {Private
Constructicn)

Built-up Arez

Construction)

{(Government Constru-

ction)

"Basin A Basin X1  Basin XZ  Basin X3 Total
(A) Main Drain 1,190 - - - 1,190
(B) Contiﬁgenéy 240" ~ - - 240
(C) Engineering Fee '
" Design 70 - - ~ 70
Supervision 70 - - - 70
(D) Land Acquisition 134 - - - 134
Sub~Total 1,704 - - - 1,704
(A) Network of.
-Smaller Drain 178 68 246
(B) Contingency 36 14 50
-(C) Engineering Fee
' Design 11 4 0 0 15
Supervision -1l 4 0 15
Sub-Total 236 50 326
'(A) Network of _
Smaller Drain 872 16 371 432 1,691
(B) Contingency 174 3 74 86 337
{C) Engineering Fee
: Design 52 1. 22 26 101
Supervision 52 1 22 26 101
Sub-Total 1,150 21 489 570 2,230
Total 3,090 111 489 570 4,260

Note: (B) = (A&) x 0.20
() = [(A)+(B)] x 0.05
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7.2 Maintenance Cost

Currently the maintenance of existing drainage systeﬁ in the _
Study Area has been performed by MADA, DID and JKR. :MADA is résponsible'
for the maintenance of the major drain which exists within Basin A as
discussed prev1ously, and road side drains are under JKR respon51b111ty.
Tidal gates which exist at outlets of the drains are controlled or
operated by DID. ‘For maintenance of Lhe dralnage system in the future,
consideration should be glven however, will to place under the respon-
sibility of DID for trunks draln, and MPKS w111 undertake responsibility
for smaller dralns. In some cases, JKR will be concerned with road

side drains.

Generally, maintenance works for drains consisf maihly'of removing
deposite from drains and carrying,thbse'ﬁastes from the site to assigned
dumpiﬁg:places. Repairing ‘of broken pérts of channels are.also included
in the maintenance work. For these works, estimated maintenance cost

for proposed drainage facilities are deScribed below. -
7.2.1 Unit Cost

For the purpose of estimating méintenanée cost, it is assumed that
the c05t'fo£ removing'deposits from drains is the same as that of cost
for:excavatidh estimated in unit const:uction cost. - For trunk drain,
machine excavation will be applied and for smaller drain, hand excavation
will be applied. For the cost of carrying remdved materials from the
site to the desighated dumping places, the cost of disposing of excess

'soll is applied. On the basis of assumption of the above, the unit
cost of removal 6f deposit ihcluding diéposing materials for trunk drain

is estimated at 3.2 M$/p3, while 5.6 M$/n3 is of smaller drains.
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The average volume of depoeits.in'draihs is_estiﬁated roughly on the
assumption that the part of accumulation of silt to be removed in

terms of annual basis would be 10 percent of the cross sectional area.

The average cross sectional area of proposed trunk draln is 12 m2,
'The_deposlt volume, therefore, is 12 x 0.1 = 1.2 m3_ per one meter- of
trunk drain. For smailer drains, the:average volume of drain is estimated
at 110 m3  with expression of per hectare, Therefore, the average

deposit volume is 110 x 0.1 = 11 m3 per hectare.

~ The annual repairing cost for each drains is assumed to be one

pevcent of construction cost.

In addition, for dredglng or cleaning of the drains, a elamshell
grabblng crane, hand roddlng machlne and. dump truck w111 be necessaxy,
and these equlpments may have to be purchased for performlng the requlred
maintenance works. However, the purchase of these equipment
should be recommended with due consideration on the overall maintehance
works reguired in the entire drainage;syStem covering the whole admini-
strative areas including Alor Setar and Kuala Kedah towns, ‘'Thus,

these costs have not been included in the estimation of costs.

7,2.2 Maintenance Cost of Proposed Drainage Facilities

Prior to estimate the maintenance cost, the total amount of main-

tenance works is estimated in the following:

Aamount of Maintenance Works.

Length of proposed turnk drain 1,711 m

Area served by smaller drains 125 ha
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On the basis of the unit cost estimated as described in previous

paragraph, and amount of maintenance wofks'required,_the total maintenance

‘cost For proposed-drainage facilities is estimated as summarized in

Table 4.6, while costs for payroll and administration are not included 1n'

the above total malntenance costs.

Table 4.6 Maintenance Cost for Proposed Drainage Facilities (M$/yéar)
Item MaintenanCe cost 'Maintenance cost Total
' of trunk drain of smaller drains
Removal .
Deposit 6,600 7,700 - 14,300
Repairing 11,900 24,700 36,600
Fotal 18,500 32,400 50,900
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8, BENEFITS
8.1 Anticipated Benefits

Proper constructlon and operatlon of dralnage systems are expected
to result in certaln types of benefits towards inhabitants of the
areas concerned., These benefits include either quantifiable or non-

quantifiable benefits és follows:
(a) Reduction of flooa damage .
{b) Imprévement of Public Health and_Cénvenience of Community.
(c) Increase of Land Value,

The items above are discussed in the following sections.

8.2 Recognition and Measurement of Benefits

8.2.1 Reduction of Flood Damage

On urban area, local flooding can and does cause considerable
nuisance and hardship to those affected, which can be alleviated by
proper remedial work on the drainge system. The implementation of such
works will result in conéiderable benefit to the community at large, in
terms of public rqad_and‘private properties becoming flood free, and
also, in a more significant benefit, on the living condition of people

whose houses and business premises are previocusly flood prone.

. The guantifiable heneflt expected by preventlng floodlng is
equ1valent to’ the amount of damages due to the flood.  In the absénce
of data concerning flood damages the gquantity of benefit is not flgured
Honever, it should be kept in mind that the expenditure to recover flood
.damage is the recurrant cost upon re31dents or the mun1c1pa11ty and will
inérease.uhless flood'rélief neasures are undertaken, whereas initial
investment with comparatively émall amount of fund for operative and

maintenance will be sufficient for prevention of the floodings.
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8.2,2 Improvement of Public Health and Convenience of Community

Benebits under this Jtem can be understood ea51ly when 51tuatlons
in which certain area is flooded and all klnds of waste water - 1nclud~'
'1ng sullage, human excreta and discharge from 1ndustry, are mixed

each other spreadlng coliforms, disease gexms and toxic materials.

It 1s generally recognlzed through -abundant experlences in the
past that after flooding the cases of waterborne dlsease 1nclease.
Together with that of the sewerage system, contribution of the drainage
systemé to public health improvement_can be expected.to be very signi-
ficant, especiaily in areas where people depend on bucket -systems and

pit privies for disposal of excreta.

8.2.3 Increase of Land Value

With the proviSion of infrastructure including dfaihage system,
development programme, for both public and private sectors, will be
. greatly stimnlated and land values increased. The value added to
the land tends to equal or exceed the pro rata share of the total

investment involved.

The adaed land value will be major economic benefit which will
stimulate larger scale of financial transaction, and wiil cause
additional‘source of taxation for the revenue in favour of the
gdvernment agencies concerned. (Ref., Part I, "Sewerage Maste_r.

Plan")

‘8.3 Benefits Justification
'As has already been descrlbed in the previous paradgraph, major

portlon of the benefits by the drainage improvement is hardly quantlfl—

able in monetary terms.
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Nevertheless; there will no doubt be high Social benefits if the
project is_Completed because the gystem will make significant floopd-
free 1and_for further development, upgfadé the existihg living environ-

ment, and also vontribute to improving the inconvenience of the community
life, '
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ANNEX A - STORMWATER QUANTITY

1. RUNOFF COEFFICIENT

It has been generally recognlzed that the values assigned to ‘the
runoff coefficient depend mainly upon the surface characteristics

including the imperviousness and the slope.

On the basis of numerous experiences in the past, the surface
characteristics in terms of the impervious factor of the different

types of surface such as roof, road, yard and others can be estimated.
Using these impervious factors of individual type of surface, the
composite runoff éoefficients, expressed by the following equation,

have been developed for this project.

Cc = ;%": CiA1/ AL
L

where € : ccmposite runoff coeff1c1ent

' ci.: imperv1ous factor by the type of surface
Ai : area by surface type in ha
m - ;  number of the surface type

1.1 Selected Representative Area

_ For commercial and residential afeaé, four districts_repreSentatihg
typical pétterné of the land usé were'selectéd in the Study Area,
whilés.for industrial area, no completion pattern of the land use _
exist so far in the Study Area, It was,'therefofe, assumed reasonable
based on the present land use pattern of the existing industrial area
in Alor Setar, taking into account the development plan for the

industrial estate prepared by the Government.
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Theif.coefficient in the fuiture were estimated as follows:
Type of land use

1} Residential - A& ...... planned hoﬁsing'development area with isolated
torrace houses in Kuala Kedah
23 Residential “B e, planned housing development area with attached

houses in Kuala Kedah

3} Commercial - A ....... planned development area in Kuaia Kedah
4) Commercial - B ...... . existing urbanized area in Alor Setar
5) Industrial v+eev.. planned development. area in Kuala Kedah

1.2 Runoff Coefficient by Surface Type

Coefficients with respect to surface type currently in use are

shown below.

Tablé A.1 Runoff Coefficient with respect to Surface Type

Runoff Coefficient

Type of Surface

Range . Used
Roofs 0.85 - 0.95 .90
"Paved Roads 0.80 - 0.90 0.85
Other pavement ©0.75-0.80 0.80
Vacant lots 0.10 - 0,30 . 0.29
Lawas 0.50 - 0,20 0.10

' Source: WPCF Manual of Practice No. 9 (USA) (1970)
Manual of Sewerage Facilities Design, 1972, Japan
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1.3 Estimation of_Coefficients in the Selected Arvea

The various type of surface were calculated, in percentage of
total surface, for each of the seldcted five repreoentatlve districts.
After that the runoff coefficlents of representative districts were

calculated and shown below in Table A.2.

Table A.2 Percéntage of Individual Surface
Type and Runoff Coefficient (in 2000)

Runof £

Type coeffi~ _ _ :
of cient Residen— Residen- Commei- - Commet- Industrial

Sur-  of in- tial. tial cial cial
face dividual A _ B A B

type of

Surface
Roofs 0.90 0.11/0.099 0.19/0.171 0.21/0.189 0.54/0.486 0.26/0.234
_iizgg 10.85 0.30/0.255 0.33/0.281 0.52/0.442 0.24/0.204 0.20/0.170
Other 0.80 0 28/0,224 0.16/0.128 0.20/0.160 0.16/0.128 (.17/0.13
pavement 0-80 0. . . . . . . . . .136
iiii“t 0.20 0.31/0.062 0.32/0.064 0.07/0.014 0.06/0.012 0.37/0.074
Total ~ 1.00/0.640 1.00/0.644 1.00/0.805 1.00/0.830 1.00/0.614

Note: Percéntage of individual Eype of surféce/runoff éoéfficient,
Forindustrial area, the ratio of Paved roads is.determined
on the basis of the road net work planned in development plan
for 1ndustr1al estate of Kuala Kedah and the ratlo of Roofs
is calculated based on the data obtalned by the survey on
quéstioﬁﬁaire of'"Indﬁst?ial w§stewater".as pfeééuted in separated
report, Sewerage.Master Plan,.concefning the area served'by edch
factory and its floor space. The ratio of other pévement is

assumed to be 30 percent of the remainder area from the results

of survey referred above.

66






1.4 Runoff Coefficient at Present

Existing land use type‘iﬂ the Study Area are basically under the
residential area with isolated house, and commercial area. The runoff
coefficient of individual land use mentioned above is caleulated in-
the same manner as that used in the case of future coefficient estimation.

The present runoff coefficient is shown in Table A.3.

Table A.3 Present Runoff coefficient (in 1979)

Runoff

coefficient Residen- Résiden— Commer; . Commer-
Type of indivi- tial tial cial cia

dual surface A B CA B
Roofs '0.90 0.28/0.252 6.20/0.180 0.56/0.504 0.41/0.369
Paved - : '
roads 0.85 = / - -1 - -/ - 0.07/0.060
Other ' : ' :
pavement  ©* 80 -/ - -/- -~ 0.14/0.112
Vacant . -
lots & 0.20 0.72/0.144 0.80/0.160 0.44/0.088 0.38/0.07¢
Earth :
roads _
Total - 1.00/0.396 1,00/0.340 1.00/0.592 1.,00/0.617

Note: ‘Perceqtage of individual type of surface/runoff

coefficient

Remaining parts of the Study Area are agricultural area. The
discharge from this agricultural area is calculated by use of the
method given in DID'S'Hydrological_Procédure ¥o. 18 "Hydrological

Design of Agricultural Drainage Systems",
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1.5 Comparison with OEher Area

The calculated coefficients are also compared with those used for

other_cities.

Table A.4 Coefficients Adopted 1n Other Area

Type of Coefficient Standard Practice Standard

Land Use Proposed for Iin in U,5.A. in Japan
this Project = Malaysia

Residential 0.65 0.75 0.60-0.75 0.65

Commercial 0.85 0.90 0.70-0,95 0.80

Industrial 0.65 ' 0.80 0.50-0.80 0.65

As iIndicated in. the above table, the coefficient for the Study
Area coincide substantially with those in other places.
1.6 Recommended Runoff Coefficients

Taking the facts and assumptions mentioned above into account,

the following runoff coefficients are recommended for drainage system

planning.
Table A,5 Recommended Runoff Coefficient
Land Use © in 1979 ~ in 2000
Residential area 0.40 - 0.65
Commercial area " 0.65 _ 0.85

Tndustrial area - . 0.65
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2, TIME OF CONCENTRATION

An estimation of the time for the flow to concentrate at' the point
under cénsidération must be:made for the purpose of applicatioﬁ of the
Rational method. For urban storm drains, the time of concentration
(te) consists of the time required for iunoff to flow over the ground
surface to the nearest drain (inlet time) (to) plus the time of flow
in the drain from the most remote inlet to the point under consideration
(td).

te = to + td

The time of flow'in the drain (td) shali'bé estimated from the
hydraulic pfoperties of thé drain when.it is designed. However, the
inlet time (to) is in similar range in areas in which surface sldpe,
nature of surface cover, and length of path of surface flow are of
the same charactor. Therefore it is a general practice to use the fixed

inlet time (to) in areas with similar characteristics.

In this Study the inlet time (to) has been estimated‘by two
methods, namely Kerby formula method, and Rantz chart method. Details
are described below: .

2.1 Inlet Time (to)
2.1.1 Inlet Time of Tndividual Land Use
1) Kerby formula method
An equation which represents the inlet time for urban sewer design

was originally proposed by Horton (*1) and later modified and
formulated by Kerby (*#2) in the form:
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Ti = [~§-k 3.28 x L x (7%2310.467
Where Ti : iniet time {(minutes)
L : distance from the most remote point to the point
of dnlet, (m) _
n t coefficient of roughness, similar to runoff coefficient,
as. given in-table below

) : average land slope

Table A.6 Coefficient of Roughness in Kerby's Equation

Character of Surface Coefficient of Roughness

Smooth Pavement | . ' 0.02
Bore, packed soil,.free of stone 0.10
Poor grass cover _ 0.20
.Moderétely rough bare surface ' | 0.20
Average grass cover _ 0.40
Forest {deciduous tree) 0.60
Dense grass cover "0.80
Forest (deci&uous tree, with deep dead

leaves) 0.80
Forest (needle-leaved tree) 0.80

The surface slope in the Study Area is around 0.4/1,000 and length
of path of surface flow was decided for invidual type of land use.

The inlet time of individual land use is estimated as deseribed below.
(*1) R.E. Horton, The Role of Infiltration in the'Hydrologic Cycle,

Trans. AGU, Vol. 14, 1933
(*¥2) W.S. Kerby, Civil Engineering 29,174 (1959).

70






- A)

B)

C)

Residential Area

From the layout plan of a new houding development area the

distance from the remote point of the premise is estimated

as shbwn in the figure below.

The inlet time can be calculated as:

L=7.0mn
n=20.2
2 0.2 0.467 N
T = [ x3.28 x 7 ¥ —————] N >
3 ‘) G. 0004 - 3
Ny ~J
= 10.5 minutes - S
N 3]
[~ ~J
g Garden %ttachec%
> House ™
2 N N
S N
: P
7.0m ' 6.5m

Commercial Area

The commercial area in Kuala Kedah is served with roads which

run in parallel approximately in every 60 meters or more.
The distance from the center of an area between two roads is

calculated to be 30 meters.

The inlet time of 7.0 minutes is calculated when the distance

of surface flqw is 30 meters and 'n' = 0.02,

Industrial Area

In case of industrial area, the distance of surface flow is
35 meters and 'n' = 0.1. The inlet time is then calculated

at 16,1 minutes.
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By applying Kerby formula, the inlet time discussed above

are summarized as follows:

Residential area : 10.5 minuts
Commercial area 7.0 minuts
Industrial area 16.1 minuts

2) Rantz chart method -

In DID's "Hydrological Procedure No. 16", it is recommended that
Rantz chart method be used for inlet time (to) estimation. This requires
‘a knowledge of the Tunoff coefficient (C), and distance from the most remote
point to the point of inlet and average land slope. These parameters

given in respective land use are as follows:

Table A.7 Parameters Given for Inlet Time Estimation

Residential area Commercial area Industriazl area

Overland

flow length . 7 m 30 m 35 m
Slope 0.04% - 0.04% 0.04%
Runoff .

coefficient 0.65 0.85 0.65

The Rantz chart is prepared in-Figure'A.l.
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From the chart as shown in above Figure, ﬁhe_inlet timé by each

regpective land use are estimated as follows:

Residential area 10 minuts

Commercial area 7 minuts
Industrial area 12 minuts

2,1.2 Comparison with practice in other areas

The inlet time in this Study is compared with practices in Japan

and U.S.A. as shown in table A. 8.

Table A.8 Comparison of Inlet Time (minuts)

" The value  The value Standard Standard
by Kerby by Rantez _
method chart method in Japan - in ASCE
‘Residential area 10.5 - - 10 - -
Commercial area 7 : 7 - -
Industrial area 16.1 : 12 - -

Densely. populated
area with paved
roads and drainage
systems

(7-10) C(7-10) 5 5

Sparsely popu-
lated area (10-16) {10-12) 10 10 ~ 15

2.1.3 Recommended Inlet Time

The recommended inlet time is 7 minutes with due consideration

on the safty side as shown above..
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