3,2.3 Environmental Protection TFacilities

The facilities  ‘are for = the prevention of primery “and - secondary

pollutien outbreak dﬁring and after-completion of_landfill operations,

(1)

Buffer zone’

Thig will ‘be constructed between the disposal site  and the

residential area for essentially the following purposes.

- To hide the site from direct view

-~ To reduce the noise and vibrations emitted durlng 1andf1111ng.

~ Po reduce odors. :

- To balance the site with the natural surroundings in a harmonious

fashion,

The buffer  zone is hoped to oCcupy'quite a bit of space, however,
since this would result in a reductlon in 1andf111 volume, the zone is

set at 'a 50m, width,

. KMDS
i The buffer zone will be estabilshed along the ex1st1ng road

and the forest on the PERDA. Hou51ng Development side.

ii. Along the existing road, a forest will be planted and on

the . PERDA side the existing forest will be left as is.
b. PBDS

i. Because the site is far removed from residential areas, no

need was found for the establishment of a buffer zone,
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(2)

{3)

Litter control facilities
Litter control within the landfill site follows the same measure as is
taken for disaster and pest control, wherein principally the covering

material acts as the main agent. Nonetheless, there looms the

;ineVitability of litter'Scattering during the landfill operations

before - the covering material has been plaoed. ‘As a means of

prevention, a movable fence to catch flying litter will be put up.

Gas removal facilities

For . the organic matters: present ‘during '1andfilling ~ operations,

_decomp051t10n occurs by 1oamy microbes and results in the . production

of water, gas and 1norgan1c clorines. If theé landflll structure
houSeS aerobic matters, thls glVEb rlse-to aerobic bacterlal”activety.
If the decomp081tlon is early, carbon d10x1de, water, ammonla etc, are

produced, w1thout a problem. On one hand, if the structure houses

.anaerobic matters, this gives rlse to anaeroblc bacterla, whlch slow

decompositlon, thus odors and combustable gas, such as methane, carbhon

'dioxide, hydrogen sulfide and ammonia, are emitted, badly affecting

the env1ronment.

Generally, as for the outbreak of gas in landfill sites, gushing and

exhaust are’ rommon at the weak points on. the boundary surface between

.landflll ‘sites and suarrounding structures, Dlsaster. prevention

measures; which ‘are represented by gas- removal' facilities, are
ﬁecessdr§ 'at péints where gas unexpectedly gushes and thus produces

fires, odors etc.

As for gas removal facilities, as shown below, there are three types

un&et consideration : by evacuétion, by pumping'and by wventilation.

Within VtheSe_deeigns,'the most economical gas remmoval facility, the

-one by evacuation, has been selected.
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Table 3.2-3

Characteristics of Types of Gas Removal Facilities

1. By Evacuation

Gas

.
GraVel Shaft <:¥E:::::j§§2::::i§§;

e AN

Solid Waste
Covering Haterials

By  excavating a shaft in the

vertical'diréctioh'and'filiing
it w1th gravel, the gas is

expelled

2.

Covering Materials

By Pumping

Salid Waste

Plimp *~ .
e i§25:<- Gas
N .

I

X

.Ey.‘ excavating . a well and

Gravel Shaft

installing  a- puwmp, the gas
enters the well and is
expelled.

3.

By Ventilation

By 1nsta111ng plpe in- ‘the
horlaontal dlrectlon and

eﬁbedding it wlth grayel,- the

For these gas removal facilities, joined with the leachate

fac¢ilities, the function of the‘ekpansioﬁ-of the aerohic range

the landfill is expected.

~ 104

gas 1is expelled by forced
ventilations
collectioﬁ

within



Gas removal facilities by evacuation are set-up as follows.

During _.HE | Individual Gas
landfill it method evacuation
operations. |
aftexr | | Collection —-{ Combustion lNatuxal
- completion | | method =Gas evacua- levulslon
‘of landflllI ‘ i tion |
: operatlons | L ' Compulsive
LUse for fuel Ievulslon
The waste, characteristics, stratum thickness and operational

conditions for the design conditins of the gas removal facilities by

evacnation are the following.

i waste type conn garbage
ii landflll layer EhicKness ..... approx. 6. 1m
13 operatlonal condltlons vee. the landflli 31te area at %ha at KMDS

and 13ha at PBDS, ' the d1v1der will occupy-l 2ha.

Based ‘on the above. cdnditioné, during landfilling operations the
.1nd1v1dua1 gas evacuatlon method ig followed and after the cdmpletion
of landflll, from the point of view of safety and contrcl, the
colleétive'gas'evécugtion method is followed by connecting individual

vertical shafts with horizontal shaft,
‘An _outline of the gas removal facilities 1is shown in Fig. 3.2-10.

The compleﬁad-landfill site gas removal facilities have been designed
at. 3-4 posxtlons per hectare,  As for disaster prevention measures,
the gas removal fac111t1es make preventloﬂ qu1te possible. However,
.the covering materlal 'is the most important factor, as it 1s necessary

to not leave waste exposed over & long term.
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Fig. 3.2-10 Gas Removal Facilities by Evacuation
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(4) ULeachate collection facilities

a.

Gene:al
Their purpose is Lo collect the rainwater contaminated by waste,

the water within waste as well as decomposed polluted walter and

send it to the leachate control facilities. At the same -time,

-they . play -a shield-like role for the prevention of deterioratipn

of the surrounding areas by the permeation or discharge of

contaminated water. Moreover, depending on the joining of the

" leachate collection facilities to the gas removal facilities, it

is - also possible to expand the aerobic area within the landfill

layer.

As for the leachate collection facilities, depehding on the
topégraphy; the coﬁfiqufation o the landfill and the structures,
there . are many cdmbihations considered, The functions are
classified below.

i, Horizontal leachate collection :
Leéchéte.Collection'which-doesn't allow for leachate to rest
in the landfill site is based on a downflowing, natural type
of collectibn. The facilities will be established at the

bottom of the landfill site,

ii. Verﬁical leachate collection
The landfill layer is thick thus suggesting:that'the time it.
.tékes_for 1éacﬁage to reach the bottom of the landfill site
for collection is long. In this case, a vertical leachate

collection facility will also be established,
iii. Leachate drain pipe

Thiis to discharge the leachate collected by the site's

ihner facilities to the outside of the site.
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rhe landfill depth is 6.1m and not very profound. — However,
the slope and the vertical gas removal facilities will be
used as . a substitute for the vertical leachate collection

facilities.

As léachate'collectidn facilities, a drain.lined with rubble
is pfbvided. .prevef, due to. soft ground,  unequal
settlement is expecﬁed,. thus a rubble-lined drain which
responds to the functuations in .the soil - will be
consfructed. As- is usual, the gabion méthod will be

employed.

b. Preliminary design

i.

1)
2)

3

Design flow

The purpose of these facilities is -

for leachate ~conveyance to leachate cycling'facilitiés

to reduce the leachate'héad'(pIQSSufe) in tﬁe'i§ndfill

for the expansion of the aerobic area in the landfill

layer by their (1eachafe :Céllection:facilities) connéction."

to the gas removal facilities

The following is a flowchart on the design of the leachate

collection facilites,
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Decision on area of | Calculation of
landfill (divider) .| _ : rainfall amount

Calculation of leachate
volume

Decision on leachate

collection facilities
jdimensions (drainage
lslopé) ' o

| Decision on leachate
drain. pipe dimensions
{drainage slope)

C Pig,. 3.2-11 DéSign flowchart of Leachate Collection Facilities
ii. Aréa of landfill site
- The study on the area done in relation to the divider

descfibed_as follows:

_ _ KMDS PBDS
Rainy-season (Jul.-Nov.} 1.0ha - 1.0ha
‘Dry season {(Dec,-Jun.) " 1.Sha 2.0ha

iii. Record on rainfall and evaporation
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Table 3,2-4 paily Average Rainfall and Evaporation (Bufterworth)

Butterworth

Remarks
Category M

12 3 4 s & -7 .8 8 10 11 iz

1. monthly
average
rainfall

- amount { mm)

R , ' : 1969
63,2 .73.9 104,2 211.1 231.7 134.1 162.3 184.2 395.5 341.7 216.3 95.9 o8
. ki . - ST : . S 1985

2. daily .
average . . ) : : S
rainfall 2.0 2.6 3.4 7.0 . 6.8 4.5 5.2 5.9 11.6 11.0 7.2 3.1
amount (mm} . - i

3

.

§3§i§ e : : : : ' 1983
2 3.5 3.% 3.4 3.1 2.8 2.8 2.6 2.4 2.4 2.4 2.4 3.0 '
Evaporation . o ; o 1987

amounk{mm)

-
.

monthly

average . : :

defference . - - 0 3.9 4.0 1.7 2.6 .°3,5 '9.2. 8,6 4.8 0.1
{mm} (2-3) S - ' ' o

Note: - Evaporation figures were not covered within the Butterworth data
' thus were applied from Penang Airport data

~ For surface water evaporatioﬁ, ‘the stepe coeffiéiént of 0.75 was
employed :
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iv. Calculation of leachate volunme
The  calculation method using a rational formula is

shown below.

-(Leachate Volume Calculation formula)
Q = 1/1000 (Cy*aq + Cy*Ay )l

(a = Al +-A

i

2 + A3)
Notes:
oF leachate volume (m /day)
‘A landflll site catchment area total(m )

Al: (Al__A

2—33) . (m?), area where there is no  direct
_elimination of surface flow (m2) (principally, the drea
of the divider where 1andf1111ng is conducted)
A,: area of completed landfill where surface flow is
_ dlrectly eliminated (m? ) 7
'A3: area ~of. ﬁon"fjiléd side where rainwater is
dlrectly eliminated (m ) _
Cl: Al dlvlder leachate generatlon rdth :
Cy= 0.4 - 0.7 standard value is 0.5
C2: Az.divider leachate generation ratio
'I: Largest monthly average ralnfall amount
daily conversion ﬁalue (mm/day) - Dally average evapora-

“tion amount (mm/day)

At ﬁhe. time of leacﬁate volume célﬁulation, in the 'completed.
reclaimed area, rafter 1 yearx has elapsed,. due to the completion
of final the coverjng of material and of an adequate drainage
system; it is expected that  the rainwater will entirely discharge

outside the area.
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Table 3.2-5 Leachate Volume by Season

Site Season Ay Ay I . g .
(ha) «{ha) (mm/day) (m”/day)
KMDS rainy season 1 1.5 9.2 87
: dry season 1.5 1 4,0 42
PEDS rainy season 1 2.0 9.2 101
dry season 2.0 1 4.0 52

V. Decision on dimensions of leachate collection facilities

For the leachate c011ECtion'facili£ies, not only the effects
of collection but also of ventiiéfion'are considéréd, thﬁs
allowing for an ample .margiﬁ of floﬁ capacity. As
collection facilities, gabibné_are coﬁsfrﬁcted of which the

dimensions are shown in the below figure,.

Fig. 3.2-12  Leachate Collection Facility Dimensions
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The seepage wovenent of leédhate is calculated using the  Darcy
‘Formula.,  As  f0r the leéchate‘seép&ge, voids formed by rubble
© which speed up the f16W'are”abundant thus resulting in tufbuleht
flow as opposed td laminaf_flow. Accordinqu, in both principal

and branch drains single lines of gabions will be placed.

Q.= VA = KA (Ah/4 )0

¢ : discharge (m3/sec) KMDS 0.0010 &
DBDS . 0.0012

: flow area (mz)

: permeability coefficient (m/s) 0.1lm/s

' permééble layer length (m) ¢\£L/ash = 3,002

R -

:_IOSS calculation

n : turbulency coefficient 1/2

2 2

2

*
»
i

- Q/K(sh/a ] )" = 0.16m KMDS 0.22m

PBDS 0.27m

Accordingly, the water depth becomes 0.2 - 0.3m and the width 1m,

providing for adequéte ventilation.

vi. Dfain pipe dimensions _
.The dimensioﬁs of the drain pipe'shown belo&_are to clarify
the coilectibn...and " ventilation effectivity. At  the
‘transition into leachate cpilection facilities, the drainage
pipe Will.be placed inside the gabicns in order to convey

leachate.

sin 60° x 2) x 1

2

D2 X 1. (E cos 60° x 1
3 2 2

bla

= p2 (& - -5—; =.0.1535D%
12 16
S = 75D/3 R = 0.1466D

v = 12/3 /2 Li0.14660)273 11/2
n

_Q'=.AV
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- Design conditions.

Discharge (m”/Sec); KMDS. | ~ PBDS
- S : 0.00101 - 0.,00117
Slope (1) ' . 1/500

Roughness - coefficient; n=Q.015{éoncrate pipe) .
-~ Calculation results

Pipe Diameter & Flow Capacity

D{m} A{m) Vim/sec) Q(m3/sec)
0.1 © 0.00154 0.18 T 0.00027
0.2 0.00614 - 0.28 . 0.00174
0.25 0.00959 0.33 © 0,00315
0.3

0.01382 -~ 0.37 © 0.00513

Accordingly, the pipe diameter at both XMDS and PBDS is decided
as. 0.20m. At the transition, in order for the drain pipe to
easily collect enough leachate, the pipe is.perforated across the

top half in areas.

e Leachate
=% . Drain Pipa.

g TN 2. Ratention
Encloslﬁz Euﬁd > ,' l Pand

Leachate -

Collection
Facjilities
ST R AR L2

— B

Fig. 3.2-13 Leachate Drain Pipe Profile.
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(5) Leachate cycling facilities
Leachate discharge into ‘the surface and undérground flow is a
pollution source for the surrounding environment. The leachate volume
L is determined in relation to the water supply within the landfill site
(rainféll; ‘sufféce water and'springIWater). For leachate treatment
‘facilities = to ‘meet the Malaysian governmental effluence quality
standards requ1res vast financial resources whlch could be Considered
a pecunlary dlfflCUltly.' With leachate-monltorlng_ as a prinéipal
objectlve,.based on the effeétive use of the léhdfill site structuteSr
Ithe- leachaté cycling faéilities, with the expectation of leachate

" level control, will be designed.

a. Design flowchart
The design flowchart for leachate cycling facilities is shown in

Fig. 3.2-14.

: rnzs“{g?e"é 1| '
| leachate ie— Facilities Design
]
i
1 |
| L S -
! ! [fbecision of LEachate: Predic- |Environmental
I | 1._ireguldt1?n . ‘cycling : tion of impact
| ] _ﬁ& retention { foump. | leachate assessment
| i 1Eonds volime design _j quality {study by USM)
i N ¥
,J ; Discharge
r"“ quality
J .

standards

" Fig. 3.2-14 Leachate Cycling Pacilities.Design'
Flowchart
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b,

Design conditions

i.

ii.

1

Designed leachate volume = _
The leachate generation volumwe' estimation, ‘hased ,on  the
study: done on ‘the leachats collection facilities, . shows the

KMDS at 87m3/day and the PBDS at 101m>/day.

Leachate guality estimatioﬁ ‘

Generation mechanism of leachate

The soild waste to be.disposed of at the disposal site
consist of, '

- construction demolition waste

~ glass

- metal

-~ plastic

- others

Organic substances such asg
- garbage (food wastes)

- trees and grass.

-~ paper

- others

Leachate contains pbllﬁtants which afe the result of rain
water passing through soild waste léyers arid the matter
retained in scolid waste, ‘The leachate qdnsisﬁs of
solutions of inorganic substances. The Qene:étion mechanism

of leachate is summiarized and'illustrated in Fig. 3.2-15.

Decomposition - of organid éubstancés higth depeﬁdé ﬁn,

- - Physical and . chemical conditions of waste such as types

of waste, ' waste components, water content of waste,
temperature, PH, oxygen supply, etc. '
- Biological conditions such as symbiosis of micro-

organisms, adaptation of them, etc.
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qhus, the quality of leachate reflects the above indefinable

factors..

Purthermore, the quality of leac‘natg 1mpxoves greaLly hecause of

the large amount of prec;pltatlon and long stabilization perlod.

As clearly described in ‘this section, 'the'estimation'of 1eaohate_
quality is very dlfflcult. Accordlnq to Lhe actual research data
in Japan, the quallty of leachate at the beglnnlng of 1andf1111ng

operations; . rdnges as follows,

BOD 3 2,000 = 40,000 mg/1
cop ; 1,000 - 40,000 mg/li
NHy-N; 500 - 1,000 mg/1

2) Prediction of leachate quality

The inquiries to. DOE,_ -UPM .énd WHO révéal  tHat no
iﬁvestigation" ha% been done on the leachate éuaiify:'in.
Malaysia but only on some underground water quallty near the
dumplng sites. _ : _ R
Pherefore, the fprediction othhe-leachate Quality in'PADS,
KMDS “and PBDé is based on that’ aééuired in Japan. ._The
cbnditiénal_differencés_in between Malaysié and Japan are:

- waste quélity" o 7

- precipitation.aﬁd its’iﬁﬁensity

- temperature '

- 1andflll he1ght _

- 1andflll operatlon such as level of Compactlon,- e%iétéﬁc@'

of water etc, -
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Cohsidering the above mentioned aspects, the main points fox
the 'prediction on leachate guality in PADS, KMDS and PBDS
are summarized as follows,
~ The heavy and strong intensity of precipitation in
.Penanq  State may dilule leachate making it cleaner,
compared'with that of Japan
- Depth of landfill is Shallower.than in Japan.. This
makes the landfill more aerobic in condition.(the depth
of 1andfill in'Japan may be more than 30 to 40m in some
cases) ' '
~ Compared .with Japan, the high, uniform temperatures in
Malaysia causes more.rapid'deCOmposition of waste.
therefore, the stabilization of waste is .achieved

more rapidly,
3) Water guality establishment methods

Of the methods outlined below, the most widély used in

present cases are 1. and 2.,

Ty To conduct a survey on actual leachate discharge after

landfillihg cperations.

2. To refer to other survey results on similar conditions at

other disposal sites.

3. To predict;the water density at the landfill site diluted by

rainwater, by referring to contaminated water in waste pits.

4. Although there are many undetermlned elements, to assure the
volume ~and  decompostion process of the water inflow and
outflow and of organic carbon wlthln waste, bdsed on results
from ;nspect;on, and estimate the water. quallty density by

an accumulation formula.
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As For the estimation methods for similar cases at other disposal

sites, the foilowiﬁg-formulas are offerad.

ChA = (SA * HA * X A)/(S'A * NA * VA)
CB = (SB * HB * £ B)/(S'B * NB. * VB)
Herea,

S : landfill site area {mz)
S':‘catchment area (m?)
H : landflll layer thlckness {m)
N : landfllllnq operatlons periced (year)
v : yearly leachate volume (mg/ S year)
: total BOD discharge volume from 1m3 of landflll waste

¢ : average BOD density

A and B refer to the numerifal'Vaiues at sites A and = B. & A/VA
and G(B/VB are estlmated coeff1c1ents by waste type and clinate
where BOD compares with' leachate volume and .where climate 1is
represénted by rainfall amount. ACCOrdlnqu, the Malaysién and

Japanese values of rainfall amount are the £01)lowing.

Japan ?enang
Yearly average

‘Rainfall amount {mm) 1,600 ' 2,400

In this case site A is the disposal site in Japan Site B, KMDS

or PBDS, can be estimated, using the following formula.

CB = ca x _ASA/SB)(HA/MB) . 1600
(S'a/5'B) (NA/NB) . 2400
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Here, general leachate quality for facility design in Japan is

tabulated in Table 3.2-6.

Table 3.2-6 Standard Leachate Quality in Japan
Item Waste (Garbage) Incinerated ash
BOD - - 1200 mg/1 - 250 mg/1
ss ' 300 wg/l 300 mg/l
coD. . .480 mg/l _ 100 mg/1
NH4-N 480 mg/1 . 100 mg/1
(T-N)
PH -~ Where decomposed Wwhere flamable
: organic materials - volume is low,

~are abundant, . - _ alcalization occurs
acidification occurs :

No. of Can exceed 3000/cm,

colifor .

groups

Fz _ F2 : Nofmally 10ppm’
' H2 : Normally traces

~ {unknown)

other 3

Heavy too dangerous to chserve

metals

color - ~ Brown to yellow

elution - ' _ can exceed

remaining . 1000mg/1

"'material after

Note: 1) landfill structure ; semi-aerobic landfill
2) landfilling period; 5 years
. landfill thickness; 4 m
3) flammable ash volume; 8%
Source: Study on the Leachate Treatment System Develoyment for
Landfills, 1979 by Japan Waste Management Association

—121—



In Japan, for COD measurement, (KMncq)_is useﬁ. In_Malaysig,
(K2Cr20?) is used. There is a difference of a 3-timés_ greater
valué for Malaysia. Using the above mentioned  formula, the

following are the measured leachate gualities for KMDS and PBDS.

BOD - 1,300 mg/1
cob 1,500 mg/l

As for héavy @etals within leachate, from the obserVation aata
dﬁriné 1éndfilliﬁg Opefations”at ﬁunicipél disposal sites in
Japan, Hg and.Cd were.héydly found,  .The réagon is that‘ wgste
dispdséd'of was municipal and not'ind@striél and also byfébvering
Opérafions. 'Soil'adsorptién.occurred. “However, Fe and Mn, - in
anaerobic coriditions Where liquidation was-'knowh;'IWére-found.
However,; within. this -desién, :heavy‘ metal treaﬁment is not

considered necessary.

Leachate cycling facilities design

These facilities consist of:

- regulatiom pond and retention pond

~ leachate cycdling pump and pit

i. Regulation pond _ _ _
This is teo hold ieaéhaie-'temporarily;:.f.BecéUSe the
volume fluctﬁates depénding on rainféll, the.poﬁd is to be
Ibig enough to holad 10 days‘:volume.éf the largest = monthly

rainfall.
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_fablé 3.2-7 Regulation Pond Area

" Jtemn

KMDS PBDS
leachate volume:(m3/day) 87 101
necessary capacity () "B70 1010
. water depth (m) 1.0 1.0
pond area (m?) 870 1010

By operating the regulation pond gate, leachate diluted

rainfall is diséharged into the retention pond.

(ef. Fig. 3.2-16)

ii. Retention Pond

‘The capacity

the retention pond is the same

for the regulation pond.

iii. Leachate cycling pump

by

as

The pump partially purifies the leachate in the regulation

pond which,

before entering  the retention . pond,

continuously cycled back to the landfill area.

is

Since the leachate volume is about the same at the KMDS and

the PBDS, - that of the PBDS will be used to represent both.

Tt ' takes 10 hours to cycle back to the landfill area one

day's volume of leachate, The length of the cycling pipe is

500m with a 15m head water.

The design is for an immersed

pump with mouth diametexr of 50mm and generating power of

. 57.5kw,
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Ce

Effluent standard

According to the DOE, an effluence standard is established
Malaysia, The disposal site is located in the. océan
Accordingly; the effluence atandard is within standard B.

standard value of principal items is shown helow.

standard B
PH 5.5 - 9,0
BOD s50mg/l at 20°C
CoD 100mg/1

Effluence leachate quality estimation
i. The system of partial purification of the leachate cy

facilities

To actively partially purify the leachate by bact

for
area.

The

cling

erial

material within the landfill area joined by gas xremoval

facilities, Oxygen supply is provided and ae
reproductive expansion is measured. Leachate, by lea
cycling facilities, in being cycled back again and aga

the landfill site, is partially purified.

ii. Leachate quality estimation

Estimation on leachate quality after cycling is diff

robic
chate

in to

icult

because data on leachate quality from other sites is
inexistant,

Leachate 1is diluted by 20% by direct rainfall into the
regulation and retention pondé. Leachate |is further

purified through cycling where the BOD content is improved

by 20%.

The wvalue after dilution and purification of Jleachate in

terms of BOD and COD are as follows.
BQD 40%
CoD 20%
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(6

Then, the estimated final leachate quality is-as'bélqw."
BOD 800. mg/1 ' '
con . 1200 mg/l

Leachate effluence facilities

The KMDS is inland from the road and close to the _Muda River.
Nonetheless, - as for leachate effluence, for the environment's sake,
rivers caunnot be used. Thus, the pipe is to be extended across the

national road and placed so as effluence is out into the sea across

from the lagoon. For the PBDS, as it is bqrdered:on'z sides by the

sea and 1 side by the Tengah River and since just as for  the KMDS,
discharge in . the river is unthinkable, the pipe .is placed - so  as
effluence is out into the sea on the other side of the Mangrove

Forest.

The effluence outlet is situated-where,-evén at low tide,_ there. is.

guarantee of water depth,
a. Design conditions

Designed effluence volume; KMDS 870m>, PBDS 1010m°
"Effluence time + ; discharge évery_S_dayé@
in operation 10hrs. a day

velocity in pipe ‘approx. lm/sec

.o

(to avoid Sedimentatibn)
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b. .

T o < »

Pipeiihe'deéign

i.

 The

'.Pipe.diameter

Since Lthere is no great difference in the léachate volume at

the KMDS and the PBDS, to be on the safe side, that of the
 PBDS will be used in thé designing. The velocity of sending

leachate,’ in order’ to avoid sedimentations is desginéd and

guarénteed to be over 1m/s. -

Pipe Profile.

A = —-D"
4
0 = av
Ao =2N/;Q_
v vz,

flow area_df'pipe {m2)}

_ﬁelbcity (m/sec)

leachate effluence volume (m3)

diameter {(m)

leachate sending pipe is _.

0 = 1010 /(5x10x60%) = 0.00561m3/s

Accordingly, the pipe diameter is

p = 2/2:0058) - 5 0g4 = 0.10m
J1x3.1416
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ii. Pipeline
Following these'conditiohs,.
- shallowness of ocean (0 m to 1 m),
- soft ground (marine clay) and
f.fishery activity,
the_bipeline is installed 1m under the seabed. _
A system of flags, for example, to warn fishers, etec., of

‘the placed piﬁe below will be established.

Sea Bed
NS ) RS TR,

u:g.lﬁu ‘ NV A
v=0, oas _

Fig. 3.2-17 Typical Cross Section of Pipeline Setting Out
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Ef Fluence outlet

If the outlet is placed in the sea it risks being clogged by

-inflowing sand. Thus, the outlet is designed to be placed

above sea level. where it is independent from the tides. The

.:effluéhce outlet structure is shown in the following.

2.6¢ 7 High Tide ues Y. High Tide
| -.o'“ Y Low Tide {1 T R 2048 V. Low Tide
24 ] rsmSTSERS ey — Sea Bed —emzzme——{H ] [ b=tz Sea Bed
_J . -
b
Leachate Drain Pipe
Tigher i’ﬂas. -
o Tizber Piles
LU U U U
- Fig. 3.2-18 Profile of Effluence Outlet
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C. Leachate effluence punp

i. Leachate effluence velume
13 U v ren? = o et _ .
Q=10im’/day x 1/24 x 1/60° = 0.00117my/s = 70.f./min.

ii. Pump head

Head loss (H) is calculated by the ‘Darcy. formula,

2
= £ ()

D2

N XMDS ' pEDS
L: pipeliﬁe length (m) 1,000 1,000
Ds pipeline_diameter ‘(m) _ 0.10 0.10
v: flbw'veioéity_fﬁ/s) - 1.0 1.0
g:.abcelerafion_of gravity (m/s}). 9.8 ,:9;3
£: head logs coefficient 0.035  0.035
(KMDS) |

H, = 0.035x1000/0.10 x 1.0%/2x9.8 = 17.9m

(PBDS) |

H, = 0.035x2000/0.10 x 1.0%/2x9.8

It

34.8m

Considering the head loss is caused by bends, the entry,
expansion, contrackion, branching and the valve: ahd 'pipé

ends, the total head loss at KMDS is 20m and PBDS is 35m.
Total pump head = total head ~loss + actudl head
The design calls for an immersed pump, with diameter of 40mm
for both and genérating power of 52.2kw for the KMDS and
57.5kw for the PBDS.

{7) Monitoring Facilities

The monitoring facilities are to be monitoring wells constructed at .

both disposal sites in order to monitor grdundwater qdality.
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3.2,4 Building and Accessories

(1)

Site office

This will . be established for the weighing of waste and for the

administration of the disposal site.

carried out in the spaces catégorized below.

welghing office.
administration office
Qperatoi's break room
guard's room
showef’r@om

kitchen

lavatory

storage room

This structure will be constructed by the

concrete) .,

SRC

{steel

The principal functions will be

reinforced



(2)

{3}

(4)

{5)

Wweigh bridge

Incoming waste  must be weighed for proper ‘operations',within the
disposal site. Thé.covering'matéfial will be kept in balance with the
landfill design. Records on weighing of waste are necessary data in
deﬁermining-thé fees for incoming inéividual waste and future disposal
site planning. The calculatidn conditions for the number of necessary

weigh bridges to be constructed are the following,

- Collecﬁion‘véhicles (vehicle/day}; 63 vehicles for the KMDS and 75
_ for the PBDS in 1996
- peak ratio ; 15%

- procedure time ; weighing time {3 min.)

One weigh bridge is to be constructed at each of the sites,"the weigh

bridge consists of a load-cell type a, 4-point support &system, a

.digital counter (separated from the main body), an underground system

and has a weighing cépacity up to 30 toﬁs.

Fire prevention facilities
A fire extinguisher and reserve water pond are to he assured for the

site office and other facilities for the prevention of fire.

.Storage building

A storage building is to be constructed at each disposal site for the

'housing and repair of landfill equipment and materials;

Others

In order to prevent anyone from illegally entering the site, a gate

and fence are to be constructed. Flashlights will also be provided
for the guard. & parking lot will be constructed for visitors and the
staff. In orxder to prevent dirtying of public roads by collection

vehicles, a car wash should be provided.
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3.3

3.3.1

(1)

(2)

Operation and Maintenance Plan
Landfill Plan

Basic Policy _ o o _
The following basic policy is sustained for preparation of landfill

plan.

a. Solid ..wéstes are spread and compacted sufficiently.
b. The scattering of.solid wastes is.min;mized,

C. | The diffusion of offensive ordor is minimized.

d. Stabiiization of waétes as.egrly aS"p§SSiblé is érranged.

Compaction of-solia wastes is necessary for 1engthening. the service
life of the landfill site, which also is .heipful. in lessening
settlement after completion of landfill.  Furthermore, the prevention
of scattering of solid wastes and.diffusion of offénsive ~odor is
required in érdér to conserve the surrdunding environmgnt. For
ultimate “use of the_completed 1andfill site, early stabilization 1is

necessary for landfill purposes.
Landfill Structure

Regarding landfill structuring, the semi-aerobic landfill method is

selected. ' The reasons are listed béLoQ.

a. for rapid stabilization of‘w&ste'

be for the reduction of leachate

c. for the redﬁcﬁiqn of odors ‘and éas

d. because the ‘cost  is only a bit higher than that of modified
anaérobic sanitary lﬁndfiil. o

e, because leachate monitoring is possible
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{3)

Landfill method

The landfill method includes an open dumping, a sandwich and a cell

method, The open dumping method has coventionally been carried out
at many dumping site in Malaysia but, by this method, a highly-
éompacted landfill- cannot  be expected, nor can be prevented the
scatﬁering of ‘waste, the generation of offensive odor or the breeding

of vectors and insects,

The sandwich  method. is applied by landfilling solid wastes

horizontally, and covering the ground with soile, by which to form

differéﬁt layers. Where the landfill site is narrow, this method is
effecfive, 'but if the site is wide, solid wastes.are left uncovered
for a couple days, resulting in unfavourable offensivé odoxr and .so
on, The cell method is applied by laying - 8011 on solid waste every
day. Through this ‘method a highly-— compacted landfill can be expected
éhd it is considered possible to prevent scattering of solid waste
thus, generation of.foensive Odof.and the breeding of ‘wvectors and
ihsécts._ Since the landfili site is wide at both the KMDS and the
PBDS compﬁred with the landfill veolume, if the sandwich method is
applied, the exposure time period of solid waste could possibly be

long. Therefore, the cell method should be applied.



Sandwich Method

Cell Method

Fig. 3.3-1 Landfill Method
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(4} Covering Materials -
In order to conduct landfilling by the cell method, covering materials

are to be supplied in a stabilized manner in balance with the landfill
disposal.

a. Objectives for covering materials
i. to prevent gas leakage
ii, to prevént disaster.
iii. 0 prevent the scattering of waste

iv. to support vehicle flow

b Covering material awount

—Intermediate covering material

Daily covering material

- Fig, 3.3-2 Covering by Cell Method

Daily covering material 20cm thick

Intermediate coﬁering material 30cm thick

Final covering material _ -B0cm thick
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(%)

In 1996, the landflll volume is estimated to reach, at the KMDS,
308m3/day and, at the PBDS, 36dm>/day.’

The &tudy on covering material is conducted using the estimated
PBDS volume and shown as follows.

Daily covering material

(12,3x8.7+12.3x2. 4x,j__)x 0.2 = 40.0m> -
Intermediate covering material e _
12.3%%0.30x1/2 = 22.7m,
o 2 : . 3
Final covering material. . 12,3 x0.60x1/72 = 45.4w
. 108.1m3

Accoidingly, the covering material will be plécéd in a 30% ratio

to the disposal volumé of waste,

Guarantee of COVerlng materlal
As for the quallty of the covering materlal
Daily covering material; sandy 5011  for godd venti1é#ion
Intermediate and final cove;ing.material: o |
clayey . silt -of ‘a 'sﬁall.‘ipéfmeability
coéfficient,_ and for good:-vegetatidn in

final covering.

As the topography in the landfill areas is low and flat, there'is'np
natural material available for use as covering materialk, - Thﬁs,

imported material will hasically be used.

Landfill eguipment plan

a. pPlanning conditions ‘ . _
Judging from topographical and ggoiogical éonditiéns as wéll as
the quality of solid waste at the KMDS and the PBDS, it is
essential to - consider the following conditions to prebare the
landfill equipment plan. |
i. Equipment should he of aftype which functions even over pdor

ground.
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ii. The -landfill material consists of combustibles and non-
CombuStibles, some of - whiéh neéessitata crushing.
Therefore, sguipment with a certain capacity for crushing is

reguired.

iii; Since a large amount of garbage will be dispoéed of at the

site, it is essential to carry out covering every day.

iv; Not only for the ultimate use of the completed éite, but
“also  for the préservétion of sanitary conditions as well as

the lengthening of tﬁe iife span of the  disposal site,
equipment with a hiéh capacity for compaction is nécessar?.

The content of the work concerning each type of landfill

equipment at the site is shown in Table 3.3-1,

Table 3.3-1 Content of the Work for Landfill Equipment

Wwaste Handling Cover Material Other
Handling
"pushing {moving) excavation leveling (site access

road & unicading site

crushing loading, haﬁling. ‘site maintenance
: spreading and
leveling
compaction compaction

-Thé'features of each type of eguipment necessary for the above are
indicated in Table 3.3-2.
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Table 3.3-2 Comparison of Landfill Equipment
Performance : '
Waste Handling So0il Covering
: Level~ Compacdt—- Trench- - Level- Compact- Trench-
Machine type ing ing ing ing ing ing
Crawler— . Excel- Good Fair Fxcel- Good Poor
dozer . lent lent
(Bulldozer} '
Crawler~ Good Good Excel-  Good Good. Poor
loader ' lent
(T;actdr
shovel }
wheel~ Excel- Good,. Fair Good Good Poor
dozer lent '
Wheel- Good Good Fair Good Good Poor
locadexr
Scrape-dozer Poor Poor Good Excel- = Pcor bPoor
(Scraper) lent
Power Poor - . Poor s Exqel—' Fair - ' Poor Paor
shovel lent
Landfill Excel-  Excel- Poor Good Excel- Poor
compactor lent  lent ' : lent '
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The .

Equipment selectibn

following equipment is selected for efficient operation and

maintenance of landfill.

i,

ii.

Bulldozer

For levéling and compaction of covering matérial, a
bulldcze: ekcells in leveling and compaction of wéste énd
covering material and has varidus other uses, _ For  example,
it can be ' used in maintenance of the facilities, the

enclosing bund and the on-site road. Considering that the

‘area  over _which'the bulldozer will be operating 1is “saft

grodnd; a bulldozer for swamp use and a 21l-ton class weight

. should be selected.

Back hoe (Hydranlic excavator)

“For drain excavation, a back hoe is inferior in loading

capacily - to a crawler—loadex, but is excellent in

excavation.

Selection of number of equipment

i

L e

ii,

Bulldozer {21-ton class)

3 of

The eguipment - needs to be. capable of handling. 240m
landfill in Shrs,  per day. According to the 1996 daily
landfill -estimations, 2 vehicles will be necessary for 'the

estimated 364m3.

Back hoe (Hydraulic excavator)

For principally drain excavation, one will be necessary.
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(&)

Landfill operations

The landfill operations are outlined in the following.

The waste is filled in places directed to the -driver 'by the

staff. -

The dumped waste is spread and crushed by a bulldozer into a flat
horizontal layer for'suffidient compaction. _
After the completion of. landfill operations, the covering

opérations will be perfbrmed on a daily basis by the cell method,

Intermediate covering material will be laid on the first layer of

landfill when it has extended as far as the divider,

A ‘second layer of landfill will be -laid on the the first layer

in the same manner, extending to the divider.:

Final covering material will be laid on top of the second layer-

of landfill.
A divider, gas removal facilities and leachate removal facilities

will be constructed in the adjacent area for the next landfill

operations.
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{(7) Landfill plan

This is summanized in the following.

C.

d.

Divider

Thg divider should be constructed on a small scale during the
raihy ‘season {July - Nov,) and on a large scale during :the dry
season (Dec. - June)  following  the increase and decrease of
leachaté. ' The divider should always be constructed directly

adjacent to.the soon-to-be completed landfill area.

" poristruction work.

Private contractors will perform the construction of the

following.

~ divider

-~ leachate collection facilities
- gas rem0va1=facilities

- on-site road

- site_ditch

Configuratioh of completed landfill area
To insure the immediate discharge of rainwater on the completed
érea; the following work will he completed by the MPSP,
~- leveling |
-~ temporary drain construction
méin'....‘.‘qoncrete lined

branch .... unlined

- Procurement of covering material

The -covering material will be procured by - 2 bidding process

.inVOIViﬁg selected suppliers,
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3.3.2

(1)

Facilities Maintenance

On-site maintenance

tn order to execute landfilling in a safe, sénitary_ and efﬁeétiﬁe

mannér, the final disposal'siﬁé facilities must be kept in the bhest

condition by proper maintenange.

Ce

on-site and approach roads _

The on-site roads ~in . the final disposal site ~are to . be
constructed .follbwihg the.lahdfill operation. - - The on-site road
is to be paved with grével and cdmpacted and the épproach road

with asphalt to avoid any problems for vehicles.’

Fire prevention measures
The conceivable. cause of fire at -the final disposal site can be
the ignition and exploSion'of cbmbustible gases such as . methane,

the sponfaneous combustion of combustibles by . the effect of

‘lens - glass - waste, ‘the .ignition‘and. éxplosion of fuels for

lanafill eqdipment and so on. Aithéugh the method of [bﬁrning-
combqtible gases such as methane ‘can be applied, :it should not be-
the policy to:install spbntaneous'combusfion equipment for . gas
because the gas.removal facility=to:befinstailed at. the "diépbéal
site is cabable of removing anbugh'qenerated gas,  Spontaneous
combustion caused by the effect of.Iéns cn glass wastes shoﬁld

he prevented by timely covering materials.

Sanitation control

rRodents, flies, mosguitoes, vectors and birds VEery oftén'swarm at
the final disposal site, which causes a problem to be tackled.
Thergfore, it . is essential to work out.a méésure to prévent'
hreeding .of_vectors, insects and so forth és mcuﬁ-as possiblé.
The most effective measure .is to cérry_ out daily 'covering'
of materials by the cell méthod;'ahd'it is important to _prohibit_
solid wastes from being exposed and standing water ' from being

produced.
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Only when absolutely necessary should insecticides be used ang

only very sparsely.

A conceivable cause of offensive odor is solid wastes themselves
and decémpositibn“bf wastes after landfilling. The odor caused
by anaerobic’fermentation i's said to be more offensive than that
gauséd by aerobic fermentation‘begause'of volume and quality of
gencrateéd. -gas.  An effective measure is  to Ithrdughly' cover
organic sélid waste, which is the cause of offensive odor, and to

keep ~ the inside of the iandfill site in a good aerobic state by

“immediately draining rain water.

~Waste scattering prevention

‘A fence will prevent waste frbm_scattering outside the site, In

addition, scattered waste within the site will be constantly

_éhecked and collected.

On-site maintenance {equipment)
The following :is necessary equipmeht fof effective on—sité
maintehance.

- disaster preventioﬁ .+ water -sprinkler truck

- on-site patrol ....s...... inspection vehicle
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(2)

(3)

{4)

Main facilities maintenance.

At the final diéposal site, thé main facilities are the bund

_structure, draihage facilities and the leachate dolleCtiqn facilities.

These facilities must be maintained in top cdndition as one breakdown

could effect all of them, resulting in mass damage.
a. The bund must be checked for any breaks or holes.

b. The drainage system‘shduld'be:constantly checked and cleared out

as it can be stoppéd-up by sand, leaves, weeds and_othet objécts;

C. The leachate volume should be ¢hécked'§aily. In case 6f sudden
increase or'decreése,' the leééhate'éblledtidn facilifies could
become stopped 'up and-céuse leachaté to discharge.éutside the
landfill  site. . Alsd, the existence of spring. water in the

landfill site should be investigated.

Equipment Maintenance

In order to perform maintenance for effective operatatioqs; if during

" periodic . investigation problems are discoveted, they should be

analyzed and eqﬁipment should be repaired by only skilled engineers.

Neéessary spare parts should be kept in stock.
Hygiene and safety control

a. Hygiene control o
As the final disposal sité'operations are Qutdoois, dust, cddrs}
landfill gas and other things éan badly éffect the staff working
in this already tenuous enVironment;-'Hygiéne-cdntiol; as well as
safety control,  are assured bylgrasping thé workinq cOnditiqns
and improving certain aspects When'necesséry. " Perjodic health
check-ups are performed and mé&icine is giVeh'fbr' any..possiblé
accident. In additién, the staff-wi;l possess full.knowledge.of

hospital location and access in case of any emergency.
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Safety control

Methane'Outbreak and fuels for landfill equipmeént should strictly

be controlled, and, in order Lo prevent fire caused by carelessly

thrown cigarettes, a measure such as a no—-smoking rule should be
taken "at the landfill site. In addition to the above various
meésures; it is planned to purchase a water sprinkler truck
equipped with a fire—fightiﬁé pump for emergencies., Of course;

the staff will be well educated on disaster preﬁention.
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3.3.3 Personnei Plah

(1) Organization structure

This ‘is the following

Manager
e
person : :
Technical Staff

- I T I PR Koty R
accountant overse%i] guard operator Teivil o meChanical!
1 1

engineer|l engineerj

1 3 oLy T T a5
person person persons person person person
laborer]
2
person
Fig. 3.3-3 Organization Structure

Staff will be placed at each disposél site, However, for the

technical staff, only 1 type of engineér will cover both sites,

(2) Personnel

a. Manager --——- 1 person
" Representative of the final disposal site who controls the entire

structure and manages the work of the entire staff.
b. Accountant -~- 1 person

Work includes the whole’phase of -accounting work at the disposal

site, including calculation of fee on direct-hauled waste.
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‘Overseer ~-- 1 person

Wwork includes weighing and inspection of hauled waste and daily

patrol of disposal site facilities.

Guard --- 1 person
Their work covers supervision for illegél entry and dumping,. as

well as nith—time.patrol.

Operator -=-- 3 persons _

Work includes levelling and compactién'of hauled solid waste.
Leveiing and compaction of covering materials, driving ~of the
water sprinkler truck for fire prevention, construction and
maintenance of-site_aCCess road and maintenance of gas removal
facility,  as well as daily maintenance of eqguipment, and

excavation of reclaimed area drainage.

Civil enginéer --= 0.5 person

Work includes  preparation and supervision of the landfill plan
and especially calculations of reqguiréed covering materials,
Safety _ﬁontrol of landfilling operations of required coverihg

materials, ‘planning and ~ supervision of construction  work

tendering, guidance for maintenance and repair of on-site and

approach road, as well as examination. of environmental

conservation measures, and planning of drainage for reclaimed

‘areas which will be excavated by the operator.

Mechanical engineer —--- 0.5 person

Their -work includes maintenance and repair work of equipment and

leachate monitoring.

" Laborer --- 2 persons

Work .covers guidahce for collection vehicles, maintenance of_qas
removal facility, fire prevention control as well as other

necésséry work for operations at the disposal site and drain

cleaning out.
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3.3.4 Environmental Monitoring

In the process of carrying out iandfill work, they should prepare a
monitoring {or supervision) plan, which includes water guality inspection
and scattering of solid wastes, in order to cOnSefve the enivironmental

conditions of the final disposal site.

(1} Water Quality Monitoring

The following monitoring methods shall be effected for sample control.

a. _moditofing of ‘groundwater by monitoring Qell,_

b. mOnitbrinq of surrounding drain surface-water;

Ca monitoring of regulation pond,leachate,

d. monitoring of leachate at the effluence pump and at the

effluence outlet;
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Fig. 3.3-4

¥ ten

cOe e

LEGEND
Konitoring Well
Surface ¥ater Sampling
Leachate Sampling
Effluence Sampling

Location of Water Honitoring System

—151~—



2)

Waste monitoring

a. Monitoring of dlrectwhauled waste by the private sector, in

partlcular, check1ng of unacceptable industrial waste by refe11ng

to the seheduled waste 1nventory 1list, by the D 0, F survey on

industrial tox1c.waste,

b, Monitoring of scattered waste cutside the site,

C. Monitoring of illegal dumping.

Based on the results from the above tested'monitOring,t the following

counter measures will be taken in the event of any problem.

i.

ii.

iii,

Deterioration of leachate quallty
On a short term scale,. the dlscharge of leachate will  he
stopped and will be kept cycling for partial .pur;fication.

On the long term scale, an oxidation will be constructed.

Toxic waste appearance

If the level of tox1ns exceeds ‘the llmlts accordlng to the
D.C.E standards,_ as in the above 1a, - dlscharge ‘will  be
stopped and toxins will be chemlcaliy treated by coagulatlon
settling.

Fluctuation in leachate volume

Fluctuation is .dﬁe ‘to 'leachaté-'eelléctioﬂ : facilities
breekdown, insufficient drainage of the reclaimed area ‘or

main facilities breakdown. Adcerdiﬁgly;.equipment relating

.to this should be inspected.
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3.4 Ultimate Use

3.4.1 Basic Conditions on Ultimate Use

The following are basic considerations necessary for ultimate use of

_completed landfill sites.

1)

-  problems related to settlement
- problems-related to gas dgeneration

= maintenance of completed landfills

Settlement;

Settlement. of the . landfill is dependent on the dept of the = £ill,

. composition of wastes, compaction of the material, moisture content,

and  other  factors. Studies have indicated that ‘approximately 90
percent bf the ultimate settlement will occur in the first 5 vyears.

The final 10 percent will occur over a much longer period.
Settlement is classified into the following two types:

~ Settlement.of refuse layers

- settlement of. soft sub-soil layers

~a. . Settleément of refuse layer

Settlement of refuse layer is caused by two factors namely;

= compaction

- deéompOSition
COmpaétion is caused by surcharge such as upper layér and vehicle

weight. The amount of settlement by compaction varies according

to materials and water content.
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Little information is §vailable on’ the decomposition: of buried
material in  sanitary landfill, Tt is extremely difficult to
predict the. Ltime required for ~compléte decompbsition.' " Many
items, particularly papér, have beén found unchangéd‘in landfill
tha£ had been_cbmpleted ‘15 té'ZS-years previoﬁs. The rate of
decomposition: is primarily dependent upon the .moisture content

and generaily takes place at a very slow rate,

b. Settlement of soft sub-soil layer
Settlement of soft sub-soil layer is classified intothe
following. _
~ . immediate settlement

- settlement by consclidation

The amount of settlement depends on the following factors;
' - _characteristics of sub-scil
- depth of Sub—soil'layérs

- weight of surcharge

Based on the soil data obtained by soil testing, the amount of

settlement on bolth the KMDS and PBDS is calculated as 50cm.

Gas Generation

Decomposition of the wastes will result in_the'production of - gases,
principally methane,' carbon dioxide, nitrogen[ hydrogen, and hydrogen
sulfide, “The rate of gas production will usually reach a peak_within
the  first 2 years and then slowiy taper off. Methane gas causés the
mosl concern because of its expiosive.charécter.- . ' .

A counter measufe for gas generatioﬁ is construction of gas removal

facilities such as installation of perforated pipes and gravel.

Maintenance : )
Completed landfill operations generally require maintenance because of

differential settlement., Maintenance consists primarily of resloping

the surface to maintain good drainage and filling in small depressions

that result fron uneven settlement,
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3.4.2

(1)

Ultimate Use Plan
Law and regulations

The . following law and act prohibit the construction of bujldings on

'completed landfill sites unitl the site has become innocucus;

A2)

= ' Uniform Building By-law (1984) Part 6
~  Street, Drainage and Building Act {1974}

‘Possible Ultimate Use

As  for the ultimate use of the completed site, ‘the land ‘used
immediately-'éfter reclamation is in the form of -8 car park, .golf
links,. farmland, park, playground and so forth., On the rec¢laimed
land .many years later, one-storey rambling~type buildings can be
constructed. Ffom a standpoint of plant groﬁth,, tall . trees which
spread roots soon after completion'of reclamation work are hard to
grow due to .gasses such as methane ana sulfureted hydrogen éontained-
under the reclaimed land and changes in temperature; on the other
hand _én underbrdsh like turf grows fast. It. is essential to
suffiéiently étudy the thickﬁess of the final coverihg material,

following the objective for ultimate use of the completed site,.
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Ultimate use as farmland

A -nuﬁber of ultimate use cases for the | ompieted site are
intended for farmlands by reclalmlng swamp and mounta1nou8 aréa
{valley) to a 1eve11ed_ grounds suitable to farmlagd :through.
landfilling wastes. In order to use the land aS'a-farmland, 'it
is re@uired, in most caéeé; to select a final covering'material
suitable to farming, and to make the’ thlckness of the material
approkimétely 1 - 2m, additionally, in order to prevent crops
from being affected by generated gas, 1t is essentlal to 1nstall
a gas removal facility. ' Perlod;cal inspection and malntenapce_
are necessary .because of diétoftidng and impairment - of gas
removal . pipes and rain water drains die to settlement of the

foundation, and’ speciélly, because of the clogging of the causes

the spread of generated gas over the farmland and wither crops to

death.: In order to obviate negative:effects caused-by gas, a.
periodical exémination of conditions of generated gas should be
conducted, and; thereby, a necessary measure should be worked

out.

Ultimate use as sporting facilities and parks

A number of disposal sites are used ultimately as soccer ground,
éports facilities and a park. In order to use the site for these
facilities, it is easy'and-siméle to decide the nature — and
thickness of covering materials, as _éompared to that for

farmland.

Consideriﬁg that a number of people includiﬁg'éhildren  and the
elderly use these facilities more often théh they'wauld'farmland,
it is prerequisite to pay attention to the handling and lbéation
of. generated gas. The.qenerated gas is'treated_by diffusing it
into air and burning it, but, if the releasing height of gas
diffusion and exhaust.gas by'burniﬁg is low,.thosé géses reﬁain
in the utilized faéilities, depending - on "clihatblogical
conditions such as wind direction, which in’ turn displeases
ﬁebple by production of offensive odor; It 'is necessafy to take

the aesthetic aspects into account.
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C.- UitimQte Use as car park
As Tfor the ultimate use of the completed site as a car park,
although there still remain the problem-of the handling of rust
produced -on. cars by gas, the improvement work for this use is
easy compared.with that for farmlands and parks. lInSpECtion of
gas removal facilitjes and generated gas-sﬂoula be conducted in
the same manner as that in other uses, however there still arise
& small number of problems, such as settlement, in comparison

with other methods of ultimate use,

Recommendations on ultimate use

Due to settling and - ‘gas problems, ~construction of buildings on
completed - landfills site is not recommended for at least up to a
certain amount of years (over 15 vears). Thus, the following

ultimate uses are recommended,

a. For the KMDS, a park for the surrounding inhabitants is

recomnended.

b. For the PBDS, farmland use is recommended by alternating the
completéd Jandfill on the.fqrmer site of Byram Forest Reserve

with the_farmlénd'in Pulau.Burong.
The reasons are

c. For the KMDS
A park is _
- a great contribution to the  surrounding
residents,
- _in harmony with the existing landscape,
- compatiﬁle with the.surroundinq land use,

- one of the least expehsive methods of land use,



d. For the PBDS

This is

the provision of alternative farmalnd
compatibility with the eéxisting land use

a low cost methdd

Because this area is fairly séparated from

establishments of any kind.
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Cost Estimation

KMDS and PBDS first phase site development project cost is estima

"and tabulated in Table .3.5-1. Operation and maintenance cost

estimated and tabulated in Table 3.5-2.
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Table 3.5-1 KMDS and PBDS First Phase Site pDevelopment. Project Cost

o Unit - [ K ¥ -0 S P8 DS [MWrA]
I T E H § Unit | Price : - I E ] REHARKS
) . {#8) | Quantity | Amount ' | Quantity | Amount. Jdmount | - S
= 1 (1600 1 (1000) 1 £1000} .
4. Site Developement ¥orks 2208 511 4718
1. Clearing Ha | 15000 16 240 n 300 540
2. Main Pacilities 1391 1655 Jo46
a. Enclosing Structure 1278 1348 2624
i. Eaclesing Buad B 610 1800 1273 000 1340 2613
ii. Bivider ‘R i 100 3 250 8 1
b. Drainage. System : 62 40 102
i. Surrounding Drain 1S - 1 43 1 18 - 81
ii. Oo-Site Drain (Surface} LS - 1 19 1 22 41
iii. On-Site Drain (Underground) n - - - - -
iv. Drain for Reclaiwed Arsa a - N -
-¢. Access ) : 53 . 268 320
i. Approach Road n 360 100 36 100 36 72
ii. On-Site Road & - 210 14 17 168 H 50
iii. Pavenent of Existing Road- ] 180 A - 11ed - 3198 198
3. En\uronnent Protectlon Fac.l.lltl% ) 305 285 590
‘i. Buffer Zome : a | 100 600 60 - co- 80
ii. Litter Contrel- Pacth::es - 32 1400 45 1769 511 58
iii. Gas Removal PFacilities 1.18 - 1 3 -1 8 16
iv. Leachate Colledtion Facilities | = - 1 -4 1 45 85
v. Leachate Cycling Facilities LS - 1 SIAE 1t 1101 . 220
vi. Leachate Effluent Facility IS - 1 32 1 581 . 90
vii. Henitoring Facilities 15 - 1 10 1 107 2
4. Building and dccessories _ e 210 540
i. Site Office Ho. | ~ 6OGOO 1 60 1 8 120
ii. Yeighbridee Ho. | 150000 1 150 i 150 300
iii. Storage Building No. | 25000 1 25 H 25 50
iv. Safety Facilities sy - 1 150 1 15 30 | Gate,Pence,Lights & etc.
v. Rire Prevention Racilities 1S - 1 ‘10 1 10 20 e
vi. Utility : Ls - 1 10 1 10. 20 | Electricity,Telephone & Water
B. Equipment : 1137 1137 hrd [y
a. Landfill Equipzent B - 1002 18021 2004
i. Bulldozer fo. | 386000 z 732 2 7321 1484
il. Hydraulic Excavator ¥o. | 270000 1 s -1 781 - 540
b, Environsental Equiprent : ‘135 : .13 20
i. Water Truck Ne.. | 100000 1 100 i 00f 200
ii. Inspection Vehicle No. § - 35000 1 3 3By i
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Table 3.5-2 KMDS and PBDS First Phase Operation and Maintenance Cost

. {nit K H DS P8 b s TOTAL :
I T E K § Unit | Price . . - REHARKS

. (K#) [Quantity [Auount™ | Quantity | Amount | Amount -

{1000) {1000} {1 (1000)

€. Operation . ' 403 67 870
1. Personnal : 1t 104 19 14 08
Hanager Yo. 21700 1 22 1 72 43
Technician No. |- 19400 1 15 1 15 3l
Accountant No. 11300 1 11 I} 11 3
Overseer ¥o. | 11300 1 1 1 11 2
Qperator No. i 3 25 3 25 50
Labo'r‘er: No. 6500 3 20 3 20 39
2. Landfill 283 346 629
Divider : LS - } w8 ol 22 17
Drain for Reclauad Area o 18 380 18 1300 23 3
Site Ditch . n 4 500 17 380 13 30
On-Site Road- - IS - 1 % i 51 19
Gas Removal Facilities IS, : i 12 1 10 22
Leachate Co)lection Fac;htles LS. - Iy B0 1 &7 127
Cover . Hatenais 100023 5000 Al 145 Y 170 315
3. Utilicy L : 16 : 16 3z

Yater Eﬂﬂﬂn}i 520 NIL : ML : :
E]ectr;clty Nuh 210 26 5 26 5 i1
" Fuel 10001 468 A 11 YA 11 22
p. Hamtenance _ 124 129 253
1. Civil Works- LS - I 33 13 Rt T
2. Equipgent 13 - 1 81 1 n 182




4. Immediate Improvement Plan and. Interim Measure .
4.1 Immediate improvement Plan

4,1,1 Presentation of Immediate Improvement Plan

Fig.4.1-1 shows an immediate improvement plan for the PPDS,

(Permatang Pauh Disposal Site) -
a. Improvemen of on-site road in the PPDS

Presently the internal road from the Jalan Permatang Pauh is not pro-
perly prepared and maintained, The road is not paved and is very
uneven at certain areas which makes it very difficult for truck
drivers to manceuvre their vehicles. Specially during rainy days,
‘the road is very slippery and it is very difficult ot reach a working
face. The vehicles used for garbage disposal, therefore, are sub~

Jected to frequent damages.

It is strongly recommended that the present on-site road be improved in

the folloving manners;(refer to Fig,4.1-1

~ Remove saw dust from on-site road

- Compaclt and level the vastes

~ Cover the compacted and levelled waste with soil

Execute gravel metalling and prepare one lane carriage vay
Provide laybyes at intermediate internals along the carriageway
and turning space for vehicles at working face

- Provide branch roads according to the above mentioned manners

b, Application of cover

The cover is necessary to prevent insect and rodent infestation,

blowing of paper, fires, the attraction of wildlife, and the release

of gases and odors,

In respect to the applicatlion of cover, it is recommended to examine
the possibility of using the soil apd naturally burned wvastes at the

site as cover material and for the bund using excavator, tipper truck
and bulldezer,

It should stop using saw dust as cover material because it is

inflammable and its compaction is very difficult,
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¢. Preparation of an operational plan

In order to achieve sound operation, operationa) efficliency and to
lengthen life expectancy; preparation of an operational plan is

needed.
These includes the following aspects;.

i . On-site road

ii . Worklng ‘face

ili. Special operational area such as areas for wet- weather and
spec131 vastes

iv. stockyards of cover materials
'EstabliSﬁment of disposal site.boundéry at the PPDS '

‘Actual physical identificantion of the exact boundarles ot the dis-
posal site shall have to be made. Tt is of great help if tree are .
planted on the boundary so as to allow minimum viev from surrounding
areas, : o _ _
Identification of site boundary éill also hélp to facilitate dispdsal

‘of garbage on site because management of site can be done. -

Iﬁ order to prevent the surdundiﬁg area from being affected by fhe
PPDS, site boundary shall be established according to the followlng

manners; (refer to Fig.4.1-2)

- Clear, compact and level the site boundary
- Construct -an enblosing bund using burn-out vastes and soil
available at the site

- Cover it with soil
Preparation of topographic map of the site.

Preparation of an ultimate use for the completed landfill so as to

decide the final ground elevations.

Executlon of more strlct 1nspecL10ns on incoming materlals 1n order

to av01d toxic and hazardous waqtes dlsposa] at the 51te.
Execution of regular'topographic sufvéys ”

The incoming-material data and the topographic surﬁeQS;Cén'be used to

determine the amount of compaction, efficlency, and to estimate on

the degree of decomposition and evenlual settlement.

;‘lﬁﬁmf
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{2) Others

.

.Strengthening'of the present organization of -final disposal.

A clean, ordérly and economic operat§6n=feqdireé ;fobér site énd ape-
ration plan, constant and competent supervision. 1t is also impor-
tant to. employ experienced or adequately tréined pefsonnel to operate
the sanifary landfili. In the case where a 01v1l engineer for final
disposal is not ecasily avallable, it 1is recommended to ask for cooper

ration from other department such as engineering department.
Close cooperation with other department

The operation of_a'sanitary Iahdfill'réquires heévy equiﬁment such as
a bulldozer, back-hoe, tipper truck, dragline; étc.' It is not easy
and not economic for the mﬁnicipality to get all équipmehts required.
Tt is, therefore, recommended to borrow or share'those'equibments'.
from other departmenﬁs. This idea of SQEh inter départmentéli@ollaf
boration should bé applied to ovérCome the shortage of adequaﬁély
trained personnel. The concept of which all municipal embloyees are

under the same umbrella is important.

Recognition on the impoftance of sanitary landfill for final disposal

and consensus for the increase in final disposal cost.

Disposal is the final functinal element in the solid waste management
system and is the ultimate fate of all solid waste. 'Fven after.the
1ntroductlon of an 1nc1nerator, a dlsposal site for ash and residue

of the incinerator and 1ncombuqt1ble wastes ‘is necessary.

The council administfators and'councilors;.are requested to consider
these issues, because the operational side presently is suffering a
lot of complaints from residents'nearby,'specially due to the fire

and thick smoke from the PPDS.

There is a possibility that in the near future, MPSP will have no
disposal site arising from these objections and Cénseqqently ?aéteé -
generated in the urban area will be left in the streets or dumped

into drains.

In case that WPSP intends to use the PPDS contlnuously, con31derable

“environmental protection measures should be taken.
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(3) Project Cost

Project cost is calculated and tarbulated in Tabled.1-1,

—169—



000¢¥8

TToS I9A0D pue 23ges us.o..:..usm 000z 00841 81 pung
_ (wgr0=3) BuTTTEI0E TeARID 00008 00% 4L PeOYy 237$-tQ
3503 398002d T-T°H 9TqeRL

__“1.70—-"



4,1..2_ Progress of Immediate Improvement Plan

The. presont problems on the final disposal system in MPSP are
'1dent1f1ed

In response to the present problems, the immediate 1mprovement
.plan w1thout Jdrgt JnvestmenT on final disposal system in MPSP is
discuqsed and proposed by tho %iudy Team,

In this seotlon, the present status of the proposed itemns is
descrlbed below. :

Fig. 4. 13 shows an 1mmedlale Jimprovement. plan for the PPDS
(Permatang Pauh Disposal Site)

(1) Operatioﬁ
a. Iwprovement of on-site road at PPDS

-Improvement_of the on-site road comrenced in late August 1988,
Fig. 4.1-4 indicates the extent of the improved on-site road.

Earth for construction ofrtne'onﬁsite road was obtained from a
borrow pit at the proximity of PPDS.

Waste along the line of the proposed on-site road was initially
levelled and «compacted and” Lhen earth was transported from the
borrow pit and compacled. .

Wbrk_areés are presently concentrated at the fﬂrthesﬁ end of PPDS
and as such branch roads as proposed eariier was not constructed
bécause-they were not of immediate necessity. Piease refer to
Fig. 4.1-4. -
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. Application of Cover

MPSP accepted and recognised the importance of COvéring material
for prevenlion of insgect. and rodent. infestation, blowing'0f paper,
fires, attraction of wildlife and the retease of gases and odours.
At the same instance, MPSP has managed to idenlify a borrow pit at,
the proximity of the PPDS as a source of earth supply.

Unfortunately, the obvious 11milatlon in this respeot is the
provlsiun of a transporting vehicle - a tipper, which is required
to be permancntly stationed at PPDS Just For this purpose.

Presently, MPSP is carrying out lLhe 'Trenching Method' at. the
current work areas whereby trenches are dug daily, depoéitioﬁ of
garbage in the itrenches and covered. This may be pOSS]bJ? due t.o
the availability of work areas bubt it may not be such when the
time comes for mounting up measures. Therefore MPSP shall have to
solve the problem of acquiring a mode of traunsporting vehiéle the .

soonest possible.
. Preparation of an Operatioconal Plan

So. far no proper operational plan was adhered to at PPDS. It
is therefore strongly recommended for the MPSP to prepare a
comprehensive operational plan which includes:-

i. On—site road

if. Working faces _ _
iii. 8pecial operational area such as areas for wet weather and

special wastes .

iv. Stockyard for cover materials
Sound operation achieéevement,, effjciency énd lengthening of life
expectancy are the dirth-henefits_of having a comprehensive
operation plan. ' '

d. Establishment of disposal site'béundary at. PPDS

Actual phyq1cal Jdontlficdtlon oF the exact boundarles of the PPDS
is. acknowledged to be of gretL 1mportdnbe

Lack of finance is the obvious limitation which hindered the

process of implementation especially the construction of the
periweter bund. '
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e. Preparation of Lopographic map of BPps

Currently the only available Lopographic map on PPDS was Lhe one
prepared by MHLG daled March 5th, 1988, The accuracy of the map
obviously cannot be taken into consideration because of Lhe
continuous usage Tor disposal of solid wastes at PPDS.

MPSP is requested to undertake a iOpO?dehlU survay on lhv current,
ground’ level of PPDS and Lo follow-up with topographic. surveys at

every 3-4 manths 3nterval

Continuous monitoring of the levels is necessary for proper
management. of PPDS.

f. Ultimalte use of PPDS

S0 far, there has been no ullimate plan of usage for PPDS. One
factor is that the land belongs to the State Government, who should
undertake the preparal ion for the ultimate use of PPDS.

. Execution of strict iuspeclion on incoming materials

MPSP is currently undertaking the inspection and monitoring of
incoming malerials Lo PPDS, especially indusirial wastes.

(Z) Others

Strengthening of the present organization of final disposal

o

Close operation with other departments

v

c. Recognition on the importance of sanitary landfill for final
disposal and consensus for the: increase in final disposal

cost.



The Council administrators and Councillors acknowledged and
understood the importance of sanitary landfill for final disposal.
Reorganization of MPSP has been planned which involve few of the
related departments i.e. the Health Department, Engineering

Department. ete.

This shall involve reovganization tor a more orderly and economic
operational plan, supervision, mobilization of eduipment_and
manpower, materials and all other necessary‘factors_that need (o
he taken into consideration for a belter and-comprehensive solid

was be managoment..

4.1~3 Improvement, and Resulls after the Execution of Immediate

[mprovement. Plan

Some of the proposed immediale improvement subjects have already
been practised. Some of the improvements and resuits after the
execution of immedisle improvement. plan are described in this

section.

a. Reduction of the time required for a collection vehicle at the
PPDS ' '

There is a warked improvement on the time requirement of each
collection vehicle at the PPDS. However, the actual reduction is
being studied usiug data collecled al. the weighbridge.

b. Reduction of number of complaints from nearby residents.

There used to be frequent. vutbreak of fire at PPDS which caused
emission of thick smoke into the air. At the sanme time-the
disposal avrea was infested with insect and rodents. These were
the two main grouches from lnesrby residents besides the normal
complaints of foul odour emitted from disposal sites like_PPDS.

Since some measures oOf immediate'improvement wasluﬁdertaken and
implemented in August 1988, thebe'has‘been:ho cOMpIaints.from the
nearby residents. There is a marked reductiqn in the population of -
flies as can currently be observed. This may be due to Lhe
trenching method currently being practiced which has also

contributed to emission of less foul odour into the air. -
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¢. Operational efficieney of landfill equipment

The operational efficiency of landfiil cquipment. is the one of
expected benetils from the execution of immediate improvemnent plan.
However, it has yel Lo be confirmed.

d. Improvement in working conditlion by mont toring number of
complainls from workers at DPPDS

Travelling from the weighbridge to the actual work faces used to be
the wajor complaint by the workers at PPDS especially the drivers.

Eversince the construction of the on-site road, there has been no
‘more complaints from the drivers. Menouvering of vehicles on site
is presenlly very much easier. '

e. Number of vehicles seni for repairs or breakdown and freqguency
off malfuncLioning of landfill equipment

The on-site condition at PPDS conlributed much to the frequency of
malfunctioning of vehicles as well as landfill equipment. Once

the access'op site was improved, naturally the FPreguency of
'malfunctioning of vehicles is reduced.. But unfortunately it

cannot be said Lo be Lrue as Car as the bulldozer is concerned.

It is a very old equipment and improvement. of the on-site road has
not been able to give a Lrue refleclion of the expected reduclLion
of frequency of maifuncticning of the bulldozer. Perhaps better
comparison can be made once. MPSP manages Lo secure a replacement for
the present bulldozer at PPDS.
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I. Fuel and oil consumplion of vehicles and other ‘landfill

cquipient

Data showing jncrease-or-decreéée’jn_ﬁuelfahd'oil'cohsumptjoh of
vehicles and other Jandfjll'equipmént;één Ohly be obtained if
comparison is made between: the same route before and after the
improvement, af the on-site road. In this respect, after the
improﬁement of Lhe on-site road, the.véhiéies and eqguipment have
been venturing into new work fécesﬁ3 Therefore no clear indication
can be obtained to determine the decrease or- increase in both

Fuel and oil consumption of the vehjcles. But basically there has
been a decrease in fuel and oil consumption of the vehicles and
equipment. after the improvemenl. of the on-site road..
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4.

- 4,2

2.

Interim Measure

1

(1)

(2

Proposed Sites

Interim Period

~Prior to. the ‘study on the interim measures, the interim

period is deianed as a prepatatory period fTor the first
phase project of the Master Plan. It is ‘the period from now
upto the ovpenning of the proposed KMDS (Kuala Muda'DiSposal
Site) and PBDS (Pulau Burong Dispoéal Site). The proposed
openning date will be January 1992. It is a transitionary

_péridd from the present systein (i.e. open dumping) to the
‘future system (i.e. sanitary landfill).

Proposed Sites

In responéé to the reguest made by the Malaysian'side at.
the Steerlng Committee meeting held on November 5, 1888, a
study on the 1ntexlm medsures that need to be undertaken by
MPSP prior to the 1mpiamcntaL10n of the Master Plan was made
through the close cooperation and discussion between the

"JICA Study Team and the Malaysian side.

As er:the preparation of a final disposal plan, it is
critical to identify the location and number of final
disposal sites available. Through the discussions, the
sites for the interim period are identified as follows:

a. Use of presenlt PPDS (Permatang Pauh Disposal Site)
Basically the P?DS is Qsed for the disposal of wastes
from the North and Central District. The use of the
PPDS is clasSif;ed into the following two ways.

= Mounting up of the present disposal area

= Use of the exteuasion area of the PPDS

Location of proposed site is shown in Fig. 4.2-1.
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b.

Use of present PBOS (Pulau Burong Disposal Site)

AL'presQHtL Lhe dispusal of waste from South District
is doue_ah Lhe PBDS. For the interim period, oporalion
follows bLhe present manner.

Localion of sile is shown in Fig. 4.2-2.
Use of PBCS (Prai Darrage Candidate Site)
In response Lo the reguest made by MPSP, site

investigation on the Prai Barrage Candidate Site. for
final disposal in MPSP was done by Prof. Malsufuji,

JICA Expert attached to the Technical Unit, MHLG.

A site investigation report was done by him and the
Report. evaluated the PBDS as follows.

Evaluation of the Report;

To Uée the sile as a sanitary landfill in MPSP even
for interim period (i.e.1989-1981) is not fully
recommended. At present, it seems to be more suitable
to_dse the present Pefmatang Pauh disposal site from
the technical and economics aspects if mounting-up is
permitlted in view of the uitimate use of the completed
site. The reasons are as follows; '

i) Site developmenl cost

Total annual disposal cost and disposal cost per ton.
in 1987 are:

- Annual dispOSal cost. in 1987 ; $130, 000 /year

~ Disposgal OOSL per ton in 1987 ; $1.80/Lon
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Whoreas the sitoe doevelopnoenl, costl, are as ol lows:

~. 51te developmenl, cost. with oxidalion
porid ; $4,871, 000

- Site development cost. withoul, oxidation
pond ; $2, 529, 000

Based on Lhe landrill volume of the ups t.roam 51 Le
(i.c. 292,000 ton), disposal costs per Lon are:

~ Disposal cost per Lon with oxidalion
pond ; $14.97/ton

- Disposa} cosl. per ton withoul, oxidation
pond ; $8.66G/Lon

AS Q.le'afly shown in the costs mentioned above, Lhe
sanitary landill, which is necessary for t.he
utilizaltion of Lhe site, will give congiderably
financial burden Lo MPSP. The construclion of a bund
along.the Prai River alone will be Lriple of annual
“disposal cosl in 1987, | '

ii) bifficulty in obtaining neighbouring conscnsus

Supposing Hmt!hejwemmL(HMH(mmnhm-n;amﬂjml

in the operation of sile, it will be considerable
difricull to secure neighbouring consensus becausce Lhe
gilte is in proximity Lo Lhe Eeﬁjdential'arca,
shophouges and food Cactories. '

iii} Non-compatibility wilh regionai development plan
Since reclaimed area by solid waste is not suitable
ror building use, the ultimate use of Lhe reclaimoed

area is not compatible wilh the PDC industria)l
development. plan.
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.2,

2 Proposed Measures
(1} Required Area .

Disposal sites for the interim period are identified as

follows,
- Mounting up and extension of PPDS area
- Extensjon of PBDS area
Based on the'assumpt}ons Statéd_bélow,'thg extension_and
mounting up area required for the waste disposal ‘in the PPDS
and the PBDS interim period shall be '
- 5.5 ha Tor the mounting up use of PPDS
= 3.6 ha for Ehe extented usage of PPDS'
- 3.2 ha for the extended-usage pf PBDS‘
Assumptions;
i) LandlCill volume is éstimated{faSSUmjng thét-the‘depth
of the extension area is 10m, and Lhe height of N
mounting-up area is 3m in the PPDS and that the depth
of the extension area is 2.0m in the PBDS.
ii) Daily amount of waste disposed in 1990 for PPDS and
PBDS are 283 ton/day and 34 ton/day respectively
{103, 000 ton/yéar and. 12, 410_tqn/year).

iii) Unit weight of landfill waste is.0.8 ton/u .

iv) Covering materials share 30%'0f totaj landfill
volume. . ' '



(Z2) Proposed Measures

€.

Mounting up on PPDS area -

In order to usé Lhe exlension area of the PPDS, it is
necessary to provide an apprdaoh road (which crosses over
a small stream), cleaning of the site and construction of
a enclosing bund.

Six months will be required for the construction of the
approach road. buring this 6 months, further mounting up

operation ol the present reclaimed area is necessary.

Extension Area of the PPDS .

Extension area of Lhe PPDS shall be developed as shown in

Fig. 4.2-1..
Extengion Area of the PBDS

A - trench method of landfill is Lo be applied in the
operation of the extension area at PBDS.
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4.2.3 Cost Estimation of Interim Measures for Final Disposal in MPSP

A preliminary-désign of the interim measures for final disposal in
MPSP is carried out and estimation of cosl needed during the interim

period is made based on the following major items.

(1) Site Development Works

Cost of site development works is eslimated considering following
aspects and tabulated in Table 4.2-1

a.

b.

cl.

‘Site clearing.

Construction of a new on-site road.

Construction 'of an éucess_(a pipefqulvert)sover”a tributary of
the Prai River to reach the proposed extension area.

Construction of an enclosing bund at the proposed: extension
area

Mounting-up of garbage at the proposed:extension area.

(2) Landfill Equipment and Cover Material Requirement

Costs of landfill equipment and cover material for PPDS and PBDS
are calculated and tabulated in Table 4.2-7 and 4.2-3 respectively,
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(3) ‘Consul tancy Service

Expenditure for the implementalion of the Feasibility sﬁudy phase 1
is estimated to be $6,000, 000,00 (Ringgit Six Million Only).

Then, consuitanpy fees is expected 1o be 5% of £he estimated cost
of it i.e. $300,000.00 (Ringgit Three Hundred Thousand Only);

This estjmated'coét_jucludes the preparation of detailed design
for the site development of proposed KMDS .and PBDS, ' preparation of
bill of quantity and all other related supervision wWorks.

Summary of the related expenditure is specified and tabulated in
‘Table 4.2-4 ' '

HOWevér, the cost shown ih the Tablé_4.2;4 was egtiméted in
December 1988 in order to ask budgel allocation of the year 1989.
The cost was'estimated'again and the_reviéed cost is available in
the Main Report Volume I Section 7.3.4. '
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Table 4,241 Site”Déveiopment Cost, Estimation For Interim Measures

In PRBDS

¢. Pipe Culvert

i. Concrete
ii. Formwork
iii. Gravel
iv. Pjpé Culvert
v. Dakau Piling

d. _Bund

1. Extension
ii. Mounting-up

Total

Unit Price Quantity - Amount
($) _ '
1t 40,000 ~$ 1,500.00
m $ 75.00 250 '8 18, 750.00
- $120. 00 15.51 & 1,861.00
nt $ 12.00 46. 9 $ 562.00
- $°27.00 3.28 & © 88.00
m, $300. 00 7.5 $  2,250.00
No % 16.00 36.0 % 576. 00
nt $  5.00 15,600 $ 78,000.00
m $ 5.00 5,600 ~$ 28,000.00
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