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1.

Ratiohale

1.1

1.

I

{n

Disposal dis the fTinal functional element in the solid
waste management system and is the ultimate Tate of all
solid waste. Experience all over the world has shown
that land disposal of solid wastes in sanitary landfills
is tLthe most ecomomical and acceptable disposal method.

This is true even in Malaysia although saniltary
lancdfilling mekthod has been scarcely practiced in
Malaysia.

‘There are approximately 230 official municipal dumping

sites 1in Peninsular Malaysia. In mosk of Lhem crude
open cumping is practiced creating a lot of
environmental as well as social problems such as air
pollukion and scavengers. It 1s mlso responsible Tor

the proliferation of NIMBY (Not In My Back-Yard)
syndrome which makes future acguilsition of dumping sites
extremely difficultl.

Without making due efTforts to introduce sanitary
landfilling method into their fihal disposal practice,
many Local Autborities in Peninsular Malaysia are caught
by the thought that incinerators may solve the never
ending problem of finding new dumping sites. This mood
looks Lo be harcly affected even after hearing about the
troublesome operation of a modern incinerator in Kuala
Terengganu. To overcome this situation, appropriate
Lraining on sanitary landTill should be given as soon as
possible Lo the key personnel of at least major Local
Authorities.

Ehwironimental Quality (Prescribed Activities)
(Environmental Impact Assessment) Order 1987 has come
into Torce on the 1st April 1988, and now

it is mandatory for any Local Authorities to carry out
the EIA of their municipal solid waste landtill tacility
construction projects. Therefore, they should be given
an appropriate orientation about the EIA of landfill
facility construclbion projects. Correclk use of sanitary
landTilling method will reduce remarkably the possible
negative gnvironmental impacts to be caused by the final
disposgsal of municipal solid wastes.

This workshop, which is designed te give a practical
orientation about sanitary landfilling method Lo the
people who are responsible for solid wasbe management in
major Local Authorities, will mark an important step
towards the 1Improvement of final disposal of municipal
solid wastes in Malaysia.



2. Obiectives

2.1

To g@el the necessilby and possibility of the wuse of
sanitary landfilling method understood by the key
personnel of major Local Authorities.

To give a practical orientation about sanitary
landfilling method as well as the EIA of landfill
facillty construclkion projects.

To prepare the participants Tor the immediate action in
respective Local Authorities for the improvement of
final disposal pPractice. For this effect, participants
from the same Local Authority will be requested to work
as a Leam and prepare an aclbion plan for their Local:
Authority entitled "Action Plan for the Yinprovement of

Final Disposal’ .

3. Contents

3.1

This workshop will touch all the relevant issues of
sanitary landfilling method, They are as follows :-

3.1.1 Necessity and possibility of the use of saniltary
landfilling method.

3.1.2 Possible alternatives of processing and Tinal
disposal : Thelr advantages and disadvantages.

3.1.3 Actual situation of processiné and fTinal disposal
in Malaysia.

3.1.4 Site selection of sanitary landfills.
3.1.5 Design of sanitary landfills.

3.1.6 Construction, operation and maintenance of
sanitary landfills.

3.1.7 Selection and maintenance of equipment for
’ sanitary landfills.

%3.1.8 Control of sanitary landfills.

3.1.9 EIA of landfill facility conslruction projects.

3.1.10 Privatizalbion of landfill facility construction

and/or operaltion projects.

3.1.11 Costing of landfill Tacllity construction and

operation projects.



This workshop will also include the sessions Lo study
the existing landfilling practices in FPeninsular
Malaysia. They are as follows :

3.2.1 Case study reports on landfills in Majlis
Perbandaran Kota Bharu, -~ Maljlis Perbandaran
Kuantan and Majlis Perbandaran Kola Setar, Terms
of Reference of Lhese case study reporkts arc
showrn in Appendix 1.

3.2.2 Field surveys of exisbing landfills in 'Majlis
Perbandaran Seberang Peral and Majlis Daerah
Kuldm.

4. Melhodology

4.1

4.2

This workshop will be carried oul using Lhe following
melhocls :

4.1.1 Lectures

4.1.2 Case slbudies

4.1.3 Field visitlts

4.1.4 Excrcises

4.1.5 Group dynamics (K-J Meﬁhod)

4.1.6 Presentatbions and discussions

4.1.7 Movie shows

4.1.8 Home works (Actigon Plans .menticoned in 2.3 shall
be prepared through home works and submitited to
the Workshop organizers by the end of the

Workshop).

The tentative programme of Cthe workshop is given in

Appengdix 2.

5. Paper Presenkers

S.1

In this workshop, papers will be presented by the
following : .

5.1.1 Mr. Yasushi Mabtsufuji, Assoclate ProTessor of
Fukuoka University.

S.1.2 Dr. Kunitoshi Sakurai, JICA Expert albtached Lo
Lhe Techhnical Seclion.

a



6.

7.

5.1.3 Mr. Tan Hoo, Director of Lhe Technical Section.

5.1.4 Mr. Peter Ho Yuen Chuen, Principal Assistanl:
_ Director, Department of Environment.

5.1.5 Mr. Susumu Shimura, JICA Penhang SlLudy Team.

5.1.6 Dr. M. Haroon, Director of Health Deparltment,
Municipal Councll of Seberang Perai.

5.1.7 M™Mr. Raju, Municipal Council of Seberang Peraji.
5.1.§ Municipal Council of Kota Bharu.
5.1.9 Municipal Council of Kuantan.

£.1.10 Municipal Council of Kota Setar.

Participants

6.1

All municipal councils and the City fHall of Kuala Lumpur
are lnvited to send two officers each to this workshop,
one Tirom Health Department or Urban Serwvices Department
and the olkher from Engineering Department.

6.2 Teotal number of the participating Local Aulbhorities
should nobk exceed sixteen (16) Lo ensure effectiveness
underr the limited resources available and methodology
proposed. This means Lhat total number of participants
should nol exceed thirty two (32). However, the
workshop can be repeated in fututre on a regional basis
Tor otherr small Leocal Authorities witkh Nnecessary
modifilcaktions.

Iime and Place

7.1 This workshop will be held from 1 Lo 6 August 1988 in

the Convention Room of Butterworth Travel Lodge (Tel : -
06 - 348899,



Appendix 1

TERMS OF REFERENCE FOR
CASE STUDY REPORTS
The rtreporlt should imclude, among others, the following
informations :
- Location of the landfill

~ Distance fTrom the city centre and condition of the access
road

—~ 5ize and owhership of Lhe site

-  Topography of the site

-~ Surrounding land use and waler use

-  Year of opening

- Estimated remaining life

~ Estimakted waste amount (daily)

-~ Basic desian

-~ Description of basic operational procedures {(excavation,
unloading of wastes, compaction of wastes, covering,
spraving, etc.)

-  Pollution control measures (gas and leachate)

~ Existence of animal and human scavengers

-~  Type and number of equipment, their conditions and theilr
ownership

- Use of contractors
-~ Auxiliary facilitiles such as gales and fences
-  Landsacaping

- Expected fulure use of Lthe site
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repork should explain about the problems encountered and
measures Laken to overcome them including the evaluation.
mples of problems are shown in the following :
Lack of cover material

Operakion in monsoon season

Difficulty in detecting the inflow of toxic and hazardous
industrial wastes

Frequent breakdown of eauipment

report should propose & fulbure improvement plan based on

evaluakion made in item 2.
report should be prepared using A4 size papers. To make
presentation visually attractive, the presentation should

made using color- slides.



F,.k.

APPENDIX 2

WORKSHOP ON THE SANITARY LANDFILLING OF
MUNICIPAL SOLID WASTES
1 - 6 AUGUST 1988

i Morning ' Afternoon '
| ! g
H H g
Monday ! D8:00 - 09:00 Registration ! 14:00 14:30 Case Study A |
(1 Aug. 88) | 09:00 - 09:30 Inauguration i (KB) g
i 09:30 - 10:00 Coffee Break | 14:30 15:00 Case Study 8 |
! 10:00 - 10:15 Workshop Mechanism ! - K) '
i 10:15 - 10:45 ABL (TH) ! 15:00 ~ 15:30 Case Study C |
! 10:45 - 11:15 Actual Situation ' (as) g
' (Ks) ! 15:30 - 16:00 Group H
} 11:15 - 11:45 Alternatives (KS) | ‘ Dynamics ]
! 11:45 - 12:15 Alternatives (JICA | (Explanation |
i 5.T) | of KJ Hethod) !
! 12:15 - 12:45 Movie Show I i 16:00 16:30 Movie Show II |
g 1 16:30 High Tea '
: ! :
: ! :
Tuesday | 08:30 - 09:00 Site Selection {KS)! 14:00 17:00 Field visit '
(2 Aug. 88) | 09:00 - 09:30 Site Selection i to Kulim Land-|
d (JICA S.T) : fill site !
! 09:30 - 10:30 Design I (YH) g :
1 10:30 - 10:45 Coffee Break ! :
! 10:45 - 11:45 Design II (YH) ' |
| 11:45 - 12:30 Kulim Project (KS) ! '
| ' |
g i !
Wednesday { 08:30 - 10:00 Construction and ! 14:00 - 15:15 Exercise I g
(3 aug. 88) | 0 & H (YH) ! 15:15 - 16:15 Presentation &|
! 10:00 - 10:30 Equipment ! Discussion !
! Selection (XS) ! 16:15 - High Tea i
} 10:30 - 10:45 Coffee Break i 4
! 10:45 - 11:15 Equipment : i
' Haintenance {KS) ' :
! 11:15 - 12:45 Control/ ' i
! Privatization/ ! :
! Cost (KS) i g
! i ‘
I g |
Thursday ! 08:30 - 09:45 EIA (DOE) | 14:00 - 16:30 Field visit to}
(4 Aug. 88) | 09:45 - 10:45 Pollution ' the actual and|
H Control (YM) | tuture dumping!
! 10:45 - 11:00 Coffee Break ' sites in MPSP |
{ 11:00 - 11:30 Briefing about ' H
! actual and future | |
! sites (MPSP) ' '
| 11:30 - 12:30 MWeighbridge (MPSP) | |
1 ] 1
] 1 ]




] i
H H

"Friday i DB:30 - 09:30 Exercise II i 14:45 - 16:30 Group

(5 Aug. 88) | 09:30 - 10:30 Presentation & H Dynamics ILI
| ‘ Piscussion ! 16:30 - High Tea
! 10:30 - 10:45 Coffee Break i
i 10:45 - 12:15 Group Dynamics II |
i i
i H

Saturday } 08:30 - 10:30 Group Oynamics IV |

(6 Aug. 88) | 1D:30 - 10:45 Coffee Break )

. ! 10:45 -~ 11:45 Presentantion & H
] Discussion !
!} 11:45 - 12;15 Evalustion H
i 12:15 - 12:45 Closing H
' )
Notes : TH Tan Hoo, KS = Kunitoshi Sakurai,

#H n

YHM
Environment,

Seberang Perai,

K = Kuantan,

Movie Show I
Movie Show I

Exercise I =
Exercise II =

Group Dynamics I,

by KJ Hethod

Yasushi Matsufuji,

H

A

o

DOE =

Department of

PSP = Majlis Perbandaran
KB = Kota Bharu,
S = Alor Setar

Sanitary Landfill
Hamura Gravel Pit

- You’re the Operator

SLF Project

Evaluation of Kulim Landfill Project

Evaluation of Seberang Peral Landfill Project

I1, III & IV =

Problem Solution
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1 . BACKGROUND

1.17. Land and Population

Japan's territory encompasses an area of 378,000 km?. With
179 million people, it registers a population density of 320
people/km?. Japan's population density is higher than that of
major Western countries, including the United States with 25

people/km?; France, 99; Britain ,229; and West Germany, 248..
Moreover, 70% of Japan's land is mountainous and timbered.
The habitable area is only 80,000 km?, or only 21% of the total
land. In terms of population per square kilometer of the habitable
area, while the United States has the lowest figure with 50 people
;France 158; Britain 358 and West Garmany 386, in Japan, this
figure is 1,452. Thus,Japan has one of the highest population

densities in the world.

1.2. High Economic Growth and Changes in Industrial Structure
Japan's population, having marked gradual increases from
83 million in 1950, exceeded 100 million in 1970 and reached 119
million in 1983. However,with the year by year declining
population growth rate, the 1983 population represents a slight
increase of 0.66% over the previous year and indicates a
stabilized population growth.
The Japanese economy started showing high growth in the 1960s
and had successfully maintained remarkable growth untill 1973 when

Table 1-1 Population per Squarc Kilometer of Habitable Area in Major

Countries
Japan W,Germany France Britain US.A,
Habitable area (10km?) BOS 1,594 3,389 1,564 45,814
‘Total area {10km?) 3.7177 2,486+ 5,470 2,441 93,718
Ratio of habitable area 21 G4 62 G4 49
to total (%)
Poputation in the habitable } 1,452 386 158 358 50
area (persans/km?)

Naote: The figures {or the habitable arca were obtained in 1980 for Japan, 1973 for
West Gernnaay, 1979 for France, 1977 {or Britain and 1974 for the United
States, The figures for population were as of October 1, 1980 f(or Japan and
mid-1980 for the remaining countries.

-1.
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skyrocketing oil prices halted the high growth rate. Between 1960
and 1965,real GNP growth rates averaged 10% a year. Average annual
growth rate reached a record high of 11.6% during the 1965-70
period. Economic recession, triggered by increasing oil prices,
however, slowedthe growth rate, with average GNP growth rates
standing at 5.4% during the 1970-75 period and 6.0% during the
years between 1975 and 1980.

On the other hand, resulting from economic development,
dramatic changes have been in the employment structure since 1950.
The number of persons employed in primary industry, the largest at
that time, started diminishing rapidly and become the smallest,
while the number of persons in secondary and tertiary industries
has continued to grow. In particular,the tertiary industry marked
sharp increases in the number of persons employed and this upward

trend is continuing.

1.3. Graviation of Population toward Cities and Changing

Environment

The changes in employment structure are synonymous with shifts
of population from the agricultural sector to the commercial /
industrial sectors. In other words, population shifts from rural
to urban areas become marked. Particularly population gravitation
was made to the major urban areas of Tokyo, Osaka and Nagoya. Of
Japan's total population, 22.5% is currently concentrated in the
Tokyo metropolitan area, 13.0% in the Kinki district around Osaka
and 6.7% in the Chukyo district around Nagoya. These figures show
that as much as 42.2 % of the total population is concentrated in



Table -2 Population in Japan’s Three dajor Urban Arcas {1981}

§0-km radius 50-km rackius 50-km radius
around Tokyo - around Osaka around Nagoya
goY
. Growth rate . Growth rate Growth eate
(Pnpglauon over the 5“”5"““0" over the f;o%léa{ion over the
cersons) prevn(:%s) year | N cons) prcvu{:{};s} year f 1 eons) pm“?;ég) year
0 ~10km 3,639 a0l 4,213 a0.2 2.118 0.1
10~20km 7.808 0.7 3,670 1.9 1,848 0.9
20~30k 5,518 1.7 2,380 1.2 1,435 1.6
A0~40km 5.979 1.7 2,831 1.2 1,865 0.8
40~50km 3.788 2.0 2,263 0.8 G40 0.6
Total 26,12 1.2 15,377 0.7 7.907 0.8
Density of
popuiation 3,491 2,076 1,080
{persons/km')

the three major urban areas, resulting in an incredibly high
population density of 3,491 people /km? in the Tokyo metropolitan
area, 2,076 in the Kinki district and 1,080 in the Chukyo district.

Apart from these specific areas, the population gravitation
toward other major urban areas has been noted nationwide.

The gravitation of both population and industries to major
urban areas during the high economic growth period created
massive housing demand in major cities as well as the suburbs.
Such a highly concentrated population also caused sharp increases
in the cost of land within these areas. Subsequently, conventional
independently-constructed housing was replaced by collectively-
constructed housing. Indeed,the large number of public and private
apartment houses constructed in major cities and the suburbs
changed the Japanese lifestyle.
with the of of the

an increasing number of supermarkets opened

dramatically

Concurrently start modernization
distribution system,
primarily in newly-developed residential areas. These supermarkets
facilitated large-quantity sales of pre-packed goods.

The high economic growth brought about an improved income
level which spurred individual consumerism, thus creating an age
of massproduction, mass distribution and mass consumption. At the

same time, housing standards remained low, particularly in major

cities and the suburbs where a growiﬁg number of people were
forced to live in cramped housing. The living environment was
changed by this trend.

Without storage space for even a temporary period, people began
soon as such

discarding used products and consumer durables as



products become redundant.
Under such circumstances, the amount of wastes has grown
rapidly, associated with significant changes in quality of the

wastes.



1.4. Waste Disposal and Public Cleansing Law

The Waste Disposal and Public Cleansing Law (Waste Disposal
Law) is designed to preserve the living environment and improve
public health through the promotion of adequate waste disposal to

keep the environment clean.

1} Definition of wastes

The Waste Disposal Law defines wastes as "filthy and/or
unnecessary things in a solid and/or liquid state, which inclﬁde
refuse, bulky wastes, cinders, sludge, excrement, waste oil, waste
acid, waste alkali and animal corpses (though excluding radiocative
substances andanything contaminated with radiocativity).”
Even if filthy or unnecessary, gaseous substances and those
contaminated with radiocativity are excluded from the waste
category specified by the Law. Others not subject to the Law are :
(1} Earth and sand aswell as the like resulting from dredging
activities conducted at ports,rivers, etc. (2)Aquatic animals and
plants, etc. netted during fishingactivities and diacharged near
the fishing site. {3) Earth and sand as well as the like which

can be used in land reclamation.

2} Municipal and industrial wastes

Under the Waste Disposal law, wastes are roughly classified

into two categories;

(Dmunicipal wastes generated mainly from living activities, and

@ industrial wastes resulting from industrial activities.
Industrial wastes are further divided into 19 groups, including

cinders, sludge, waste oil, waste;acid,'waste alkali and waste

plastics. Figure 1.2 shows the 19 groups and examples from each

group.

Municipal wastes are defined as waétes other than industrial
ones. The greater part of municipal wastes results from living
activities among citizens, i.e. nmunuicipal solid wastes, which
include a wide variety of wastes, such as garbage (kitchen wastes),

paper including newspapers and magazines, glass and metal in such



forms as bottles and cans, plastics and fabrics. Munucipal solid
wastes also include bulky wastes, such as furniture and household
appliances.

In the meantime, of the wastes resulting from business
activities, those which can be disposed of by municipalities
without difficulty in terms of quality and quantity are designated
separately from other industrial wastes as ”mqnicipal wastes from

the business sector.”

3)Obligations of the government, municipalities and business
operators

The Waste Disposal Law specifies that business operators,
the government and municipalities are required to fulfill their
obligations as outlined below.
(DBusiness operators are responsible for disposing of wastes
resulting from their business activities. They are also required
to make efforts for volume reduction of their wastes and take
necessary actions to prevent the products, containers and others
involved in their manufacturing, processing, sales and other
business activities from becoming a waste difficult to be disposed
of.
@ Municipalities are required to promote the concept of public
cleasing, while endeavouring to carry out efficient management of
waste disposal operations.
(@ Prefectural governments are required to provide municipalities
with necessary technological aids, if any, and endeavour to take
necessary measures for adequate disposal by monitoring
progressing status of industrial wastes.
@ The central government is required to promote technological
development related to waste disposal and endeavour to provide
municipalities as well as prefectural governments with

technological and financial aids.



r 1
Wastes ~ Wasles
from ) "lram
Dusigscu Living
Aclivilivs Aclivilies
Y
L
Municipal
Wasles from
Vusiness Activi-
lics ’
i . N ’
f Inndustrial Mowestic
Wasles Wastes
— 1. Ash Excrement
2. Shudea (Night Soil)
3. Taste Oi1}
4, facto Acid Domestic
5. Yaclo Alkall f:“;j
6. Tnste Plastic , 2
7. Taslo Papor & Bulky
8. Tasla Tood * Wastes.
) —— 9, tasta Tasbtifle K

11. Taste
12. Scrap

14. 5iac

18, Dusi

Nele:

. Othors

10. Aesiduo of Anismal ond Pianis %

Cum
Hotal

13. Masto Glass and Caraaics

§5. Conslruction and Demolilion Yazlos
. Exrola of Animal *
17, Dead Animal %

*

* limiled to some specific indusiios

Fig. 1.2 classification of Wastes

- ’,...




1.5. Municipal Solid Wasle Managemenl in Japan

Municipal Solid ¥asle Discharge

The change of municipatl solid wasle dischange is illuglraled in

Fig., 1.3
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The discharged quéntity of waste is said closely correlated
with the GNP({ gross national product). In other words, from 1955
until 1970, in accompany with activation of economic activity, the
discharged quantity of waste has Jjust increased uphill, and with
the o0il crisis in 1973 as the borderline, its growth has become
blunt.

However, the daily discharge per person differs among various
cities, as is shown in Table 1.3. Generally, the people ip large

cities generate more solid waste than those in small cities.

Table 1.3 Daily Discharge per Person in Various Cities (FY 1982)

City Popuiation Discliarge
. {thousand) (p/day.person)
Sapporo * " 1,470 1,773
Tokyo 8,324 1,710
Kawasald _ 1,097 1,288
Kyolo 1,473 1,021
Osaka 2,623 1,806
Fukuoka 1,118 © 1,300

2) Quality of Municipal Waste

Examples of physical composition in municipal solid wastes are
shown in Table 1.4. The proportion of combustibles is around 70%
in typical municipal waste in Japan. Water content of municipal

waste 1s about 40-50% ,though it is coming to decrease recently.

Typical lower calorific wvalues of municipal wastes in Japan
is of a range between 1,300-2,000 kcal/kg, while the values varies
with the change of physical composition and water content. The
lower calorific value is rising recentiy, according to decrease of
water content and increase of plastics content. Specific gravity
of municapal solid waste varies along with waste composition, etc.
The one in Tokyo in FY 1974 is estimated to be 0.253. Collection-
to-disposal Flow Diagram of MSW is shown Fig. 1.4.
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Table 1.4 Physical Composition of Domestic Solid Waste

*2 Dry base, waker content: 40,95%

*3 Dry base, water content: 45.9%

- (U_.

{FY 1903 {Weight %)
Tokyo Yokohama Osaka
*1 *2 *3
Papers g, 7 a7.1 31.1
Feed Residuals 37.3 10.4 1.0
ip Texklles 3.4 1.7 3.8
b Wood Splits, Straws, Grass 5.2 6.2
Plastics a.4 14.0 15.9
Leathers, Rubbers 0.1 a.13
Metals 1.2 5.5 6.4
Glass 1.3 15,7 13,49
Ceramica 1.3 15.7 13.8
Sands, Stones 1.3 6,9 6.5
Others 0.1 6.0 6.5
ToLkal 100.0 100.0 100.0
i’a *1 Combustible waste only, wet-base
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2  GENERAL (Outline of landfill sites Today)

In Japan, landfill of wastes is subiject to the standard for
landfill of wastes and the standards for construction, operation
and maintenance of 1landfill site of wastes. Both standards are
based on the Waste Disposal and Public Cleansing Law .

The standard for landfill of wastes (Article 6 of the Cabinet
Order) gives standards for advanced treatment for different kinds
of waste, a standard for covering with soil to prevent hygienic
problems due to rotten substances and standards for prevention of
pollution of surface and ground waters and other matters .

Statutory formalities for official nortification and others
must be followed in respect of the landfill sites specified in
Table 2.1, and they should conform to the standards for their
construction ,operation and maintenance .

The Type] landfill site complete cut-off from the outside,
and a specific strength is therefor required of concrete
structure.

For Typell 1landfill site ,retaining walls ,dams -,etc. are
needed as shown in Table 2.1, and there are little technical
difficulties.

For Type]ll landfill site where waste water is treated, lining
system ,leachate collection facilities, 1leachate treatment
facilities,etc. are needed (Fig.2-1 show the typical sanitary
landfill site (Typel]l }Jin Japan. )

Also measures should be taken against rats and hygienic

insects which feed on rotten matters or the like.

This report will describe the sanitary landfill technique for
the Type| landfill site, which has been subjected to the most

thorough examinations and studies.
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53 -HISTORY OFTHE LANDPRPILL ST IN JAPAN

Historically, the disposal of solid waste began with the mere
elimination of waste from the living areas, but to appropriately
answer the need for preserving the environment and for preventing
environmental pollution, it has developed into the efficent
disposal processes and now even the resource recovery in the_final
disposal stage is developing.

Similarly, as indicated in Fig.3.1, the landfill by wasfes has
experienced a transition of concept from just a dumping site to a
treating site for final disposal and finally to a space for
recovering usable land . Before in 1960°s many landfill site are
open dumping area. But because of our affluence and increasing
population, amount of solid waste are expected to increase.

Many of solid waste have been directlly disposed of on land,
the vast majority of it in an unsatisfactory technique.

Open and burning dumps, which were all too common, have
contfibuted to water and air pollution and provide food ,
harborage ,and breeding grounds for insects. )

In addition ,these dumps are unsightly and very often lessen
the value of nearby land and residences.

In 1960°s, in response to an aroused public, legislation has
been passed on the goverment to aid the development of
satisfactory disposal practices and to plan for all aspect of
solid waste management. In the former half of 1970's, the
development and implementation of such plans has, however,
required the combined support -of all <citizens, university,
industry ,and govermént.

An acceptable alternative to the present poor practies of
land disposal has been the sanitary laﬁdfill

This alternative has involved the planning and applying of
engineering and construction techniques.

Sanitary landfill is an engineered method of disposing of
solid waste on land by spreading them in thin layers, compacting

them to the smallest practical volume, and covering them with

_,5—



soil each working day in manner that protects the environment.

By definition, no burning of solid waste occurs at a sanitary
landfill.

Sanitary 1landfill is not only an acceptable and economic
method of solid waste disposal ,it is also an excellent way to
make otherwise unsuitable or marginal land valuable.

Thorough planning and the application of engineering principles
to all stages of site selection, design, operation and completed
use will result in successful and effecient sanitary landfill.

In order to meet this objective, it is also essential to have

an understanding of solid waste decomposition processes-how the
many variable may affect the decompsition rate, decomposition
products, and how these factors may influence the environment.
In essence, these relationships determine the physical stability
of the fill and its potential to produce such environmental
problems as uncontrolled gas generation and movement and water
pollution.

Although these relationships are not fully understocod ,
sufficient knowledge is available to enable us to recognize
potential problems and to plan and design sanitary landfill that
will not harm the environment.

The final selection of a sanitary landfill site, its design,
and its operation should be based on a systematic , integrated
study and an evalution of all physical conditions, enconomics, and
social political restraints.

In the latter half of 1970°'s, sanitary landfill techniques
have improved in Japan because of the finding of a new landfilling
concept. It should be essential for a country like Japan where
land space is limited that recovery system as indicated in (D) of
Figure 3.1. be established in order to deal with waste problems in
the 1980°s.

In the first part of this Report, sanitary landfill techniques
will be introduced. And in the second part, the new concept of
sanitary landfill site and a few of recent studies in Fukuoka

University will be introduced.
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4L . SANITARY LANDPFILIL DIES 1 GN

The designing of a sanitary landfill calls for developing a
detailed description and plans that outline the steps to be taken
to provide for the safe ,efficient disposal of the quantities and
types of solid wastes that are expected to be recieved .

The designer outlines volume requirements, site improvements
(clearing of the land, construction of roadways and buildings,
fencing,utilities ,etc), and all equipment necessary for day-to-
day operations of the specific landfilling methods involved.

He also provides for controlling water pollution and the
movement of decomposition gas. It describes the physical and
chemical properties of bedrock, particularly as it may relate to
the movement of water and gas ({See Fig4.1)

The sanitary landfill designer should also recommend a
specific use of the site after landfilling is completed. Finally
;he should determine capital costs and projected operating

expenditures for the estimated life of the project.

The important items for sanitary landfill design are as
followus;
1. Solid Waste Composition
2, Hydroclogy, Climatology and Geoclogy
3. Volume Requirements
4. Control of Surface Water (Fig.4.2 ~ 4.4)
5. Groundwater Protection
6. Sanitary Landfilling Method (Table 4.1, Fig.4.5~ 4.9)
6-1 cell construction and cover material
6-2 trench methods
6-3 area methods
6-4 combination wethods (bank method, wetland method etc.)
7. Gas Movement Control (Fig.4.10~4.12)
7-1 permeable methods
7-2 impermeable methods

8. Site Improvements

-1



clearing and grubbing
roads

scales

buildings

utilities

fencing (Fig. 4.13~4.15)
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Objective of rainwater drainage facility

When rainwater permeates in landfill wastes, it dissolves or
suspends contaminants which have been contained and decomposed
by biochemical action,thus resulting in leachate .

Leachate has to be collected and treated at an leachate
treatment facility to prevent it from contaminating the ground
around a landfill where the wastes are reclaimed. Yet, the cost
for leachate treatment is very expensive. Therefor, rainwater

drainage facilities are established to:

1) prevent rainwater from permeating into a landfill (shown
Fig.4.2)

2) prevent ground and spring water from permeating through base
or sideface of a landfill to reduce the quantity of leachate.
It is important to drain water from rainwater drainage
facilities in such a way that would avoid all possibilities of

disaster.

Pracipitotian

Run-aff Upland wator

Laachata

. - Uncontrollad river-aida dump; run-off
ond loaochote poliuto rivor; sources aro
pracipitotion ond upland watar

Covur /\/
\ e

Diversionory ditch

Prucipitation

Soanitory tandtill bahind clay rivor wall,
- . Irnpormonbly Upland waoter divertad by ditch.

reonr wall Crosa-foit on surfaoce of covarod §ill
Tuduces parcolotion from rainfoll

Fig. 4.2 CONTROL OF SURFACE WATER POLLUTION

_2]_



Struclure ol rainwaler drainage lTacilily

Draining rainwaler in a rainwaler diainage Tacilily is as [ollows:

Btalnage {6f uppar sLracs
—
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Collaction and dralnage * vitez and Bpringy watar
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hed:
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Fig, 4.3 Concept illustration of rainwater coll@ction
and drainage measure’
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Sanitary Landfilling Method

[ . Trench method (Fig. 4.5)

The trench method can be used where a high water table is not
a problem.
In this method, the loose waste is dumped and then spread and
compacted, following the cell concept of sanitary landfill
construction.
The waste is covered with soil and graded to prevent ponding of

surface water .

2 . Area method (Fig. 4.6)

The area method is used where high water table may prohibit
the excavation of trenches. The loose waste which generally is
.spreadover a large area ,is first stockpiled and then compacted
against an earth berm using the cell concept for sanitary
landfill construction. Soil cover material may be hauled in form

adjacent areas or secured at the toe of the working face as shown
, in Fig.4.7.
The site should bhe graded periodically to avoid ponding of
surface runoff .
3 . Bank method
The bank method is a modification of the area method and merely
takes advantage of the original sloping nature of the waste.
When the waste has been set to a 3 : 1 slope, it is compacted
and covered ,thus forming the berms for the adjacent cell.
4 ., Wetland method
This method is used where the dump is in a marshland or in
a river or other watér course. The open dumped waste is first
removed and then separated from the water by placement of mat
of impervious material that reaches above high water level .
Another means of separation between the soil waste and the

water can be achieved by diverting the flow of water or if

necessary, by lowering the the ground water level.
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The landfill method is determined by geographical features’
on the site and the amount of waste. Methods can be classified
in three groups:the trench construction method (Fig. 4.8), the
area method (Fig. 4.9}, and the ramp method which mixes the
trench and area methods (See Fig 4.7)

Excavated soil

Cover soll

)

1
1
i
\
L} ]
Sttty e

Landfilled dltch Waste Future ditch

Fig. 4.8 Tcench construction method

)Cover soil ‘H“h"?ﬁ;?ﬁ;::j;f;22§§7/””F_-
Wasto — //

/ / Sandwlch method

Fig. 4.9 Acea method

In trench method, waste is disposed in the ditch and covered
with earth and sand. Ditches are dug usually by heavy equipment.
This method is popular at smaller final disposal sites. The
area method is usually used for natural or artificial depression
sites. This is the most basic method.

Area method can be further divided inte the sandwhich, cell,
and throwing methods. Fig. 4.9 illustrates the sandwich method
and the cell method. Small scale final disposal sites use cell
method. The cell method covers waste of.one day with soil making

one cell per every operational day. Currently, this remains the
most popular method.
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Centralized diffusion method

This method is much wmwore preferable considering that
coardination with the gas venting facility is maintained even
after the landfill completion and its gas collection effect is
generally high and trouble some landfill work is not involved.
The centralized gas system, which is composed of horizontal
porous pipes, rubble and wire-cylinder, etc. is provided in the

waste layer as shown in Fig. 4.10 ~ 4.12.

florizontal gas

collection pipe Wire-cylindex

Connection
pipe

Centralized
diffusion pipe

Fig.4.12 Centralized gas venting facility within landfill site

Arrangement of gas venting facility

Arrangement of the gas venting facility during works should
be coordinated from the beginning with the centralized gas
system since amount of gas generated is not known in advace.
However, it is normally determined empirically refering to the
similar circumstances of landfill works and work examples. As
for ordinary installation, wire-cylinders are provided with
30-50 m interval at the slope and 50-100 m interval within
the landfill site.
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Fencing 1dea of design

Althouglh the helghl of the fence ls most Llmportant, standard helights

have yelt Lo be established.

’m

( .
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b

Fig., 4 131 Scakttering of waste and an example of prevention

In most cases, however, waste wusually doesn't scatter.
Tﬁerefor, a fence (covered with chicken wire,20mm-40mm mesh) of
3 to 4 m in height will serve this purpose unless waste is piled
to a height.

However, if waste gets caught on the fence, it may be
blown over the fence by wind as shown in Fig.4.13, therefor, the
spike shall need to be long enough with right angles.

Another case is shown Fig.4.14, 4.15.

Enough screens are necessary to form an arc sufficiently long
to catch everything blown from the working area. They must be
cleaned regularly if they are to remain effective, and in very
high winds they must require to be temporarily supported by

guy ropes secured to pegs driven into the ground.
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FENCE OF AIRDORNE LITTER

o Fig. 4. 14 Portabile iter screan sbout 2| matres high. 2|-1 matres

long, covored with chickan wire, 20mm -~ 40mm mesh

]

-  Working foce

=

i" E £ 4 l 5 A numbar of screens are used to form an arc the
* * position of which 13 changed N occordance with
wind direction
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55 .SUMMARY OF D EIS IGNCONSIDERATIONS

The final design of a sanitary landfill should describe in detail:
(1) all employee and operational facilities
(2) operational procedures and their sequence, equipment, and
manpower requirments.
(3) the pollution potential and methods of controling it ;
(4) the final grade and planned use of the completed £fill; ‘
(5) cost estimates for acquiring, developing, and operating the
proposed site. ‘

The designer should also provide a mwmap that shows the
location of the site and the area to be served and a topographic
map covering the area out to 1000ft from the site .

Additonal maps and cross-sections should also be included
that show the planned stages of filling { startup ,intermediate
life ,and completion) .

They should present the details of :
Roads on and off the site;

Buildings ;

-

Utilities above and below ground ;

Scales;

Fire protection facilities ;

Surface drainage (natural and constructed} and groundwater;

Profiles of soil and bedrock ;

Leachate collection and treatment facilities ;

Gas control devices;

O YO O ~J oy oW -
L]

.

f—)

Buildings within 1,000ft of property (residental,commercial,
agricultural) ;
117. Streams ,lakes-,springs ,and wells within 1,000 ft;
12. Borrow areas and volume of material available ;
13. Direction of prevailing wind ; .
14. Areas to be landfilled, including special waste area ,and
limitations on types of waste that wmay be disposal of;
15. Sequence of filling ;
16. Entrance to facility ;

- ";{_:



17. Peripheral fencing
18. Landscaping
19. Use of completed landfill

Fig. 5.1, 5.2 show the concept illustration of the typical

sanitary landfill site in Japan .
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6. CONSTRUCTION, OPERA'TI ON_ AND
MAINTENANCLE

The best designed disposal facility will be of little value
unless it is constructed and ¢perated as prescribed. This is
especially true of a sanitary landfill because it is under
construction up to the day the last particle of solid waste is
disposed of .

Constructing the sanitary landfill on a daily basis in accordance
with the design should be unequivocally required in an operational
plan .

An operational plan is essentially the specification for
construction and it should contain all items required to construct
the sanitary landfill . .

. It should describe :

1) hours of operation

2) weighting the solid waste

3) traffic flow and unloading procedures (Fig.6.1)

4) designation of specific disposal areas and of handling and

compacting various solid waste (Fig.6.2~6.5) (Table6.1)

5) placement of cover material (Table6.2,6.3)

6} maintenance procedures

7) adverse weather operations
8) fire control

9) litter control

10) salvaging operations if permitted .

Proper operation calls for drawing up a comprehensive plan that
spells out routine procedures and anticipates abnormal situations.
It must also provide continuity of activities even when personnel
changes occur. New supervisors and personnel responsible for solid
waste disposal must know what is being done at the landfill ang
why. The plan must, however, remain open for revision when
necessary. Changes should be noted, and the rationale behind them
explained. New personnel will benefit from the exXperience of

others, and continuity of operations will be preserved. The plan
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should also be used as a tool in training employees, defining
their jobs, and giving them an insight into the work of others. In
this manner, the employee will more fully understand the overall
operation, and ‘he may be able to perform other duties in an

emergency.

"34_



main
road

compdeted atripa

#

working lace

haavy Bumpar bar

fionks covorod

S
A N
\ \\ NI

P sccass ocrosy now
fill aver stael anheats

or t3ilvay 3loepers

SiriD width 6 motros:
only one vehicla at a8 tema

QN working face: capacity
J0-40 tonres/doy,

main road

site road 73 ymummaaliw
aHit It H““"”{ E arten neor entrance
/ >~ reserwnd for wary

/
,“li'iiiii\\\ wet wealher

7

- ——
-

fitter ~

TN,

pubpur g, Y

e e e g vy

&
> 4th SUID  Luorking ;,“(‘-UJ-LU..U.‘.{LUJH'.‘.HILLUJLu.u,

[ R it

e o - - - -

— 2nd atrip

L e - o e s e e o -~

— 131 BWip

W mmm e ek M e S —

et U e s

STAGES 1. Entrance orea and aijte of byiiding fillag with inart

Vwastes
2. Site rosd formed from westas, covered 25 cms soil

! plus 30 cms herdcore; waterproofed afoer 1 year.
3. Firgt strip; wastes covered 35 cmy
4, Subaequent stripa formed
Cultivate strips 1 and 2 when work commances
on 4th strip

fial platesu i3 ugly and interrupis the landscapa 3

section // x

a3 amooth contowr biends with the {andscopa

section / *\

Fig. 6.1 SMALLMANUALLY OPERATED SANITARY LANDFILL

..36'_




Lo

Final cover

Cell height

¥

T

Lift heipht

}

"l
T
.

s
s

covar

Original ground

Fig. 6.2 Thecellis the common buliding brochk in sanitary tandfitting, Solid waste Is spread and compacted
in layers within a confined arga. At the end of cach working day, or more {requently, it is covered completely with
a thin, continuaus fayer of sol, which is then also compacted. The compacted waste ond soll constitute a cell. A
series of adjoining cells makes up a lill. The completed [l consists of one or more [His.

AR N
R

Unload
solid wosla

Sprood in lhinﬁ]oyur",
{opproximately 2 icei)

LTR 2AET PR -

by running tracter

Compact
over woste loyer 2 to § times

Ca ey o . Fevus T3 srd athz
SaTah e A ] " el it

%

K 1g, 6.3 Cushloning and bridging can be reduced and greater voluma reduction achieved if the waste [s
spread in layers lcss than 2 #t deep and is then compacied by a trached, rubbar-tired, or steel-wheeled vahicls

thal passes over it 2 ta 5 times. The equipment operator should try to develop the working faca on a slopo ba-
tween 20 and 30 degroes, '

.




Scrape dozers, outstandingly effective at housing site, flat
small hills, slopes, or projected sediment by chipping, pick the
cover soil, hold it and then coverl somewhere else. Thus they are .
good at covering and leveling because of their rolling abllity;Fig,

——

. §.4, 6.5 shows sprape operations of scrape dozers,

Forward movement

The equipment lifts the The dozer will It simultaneously
apron and lowers the climb a 20§{°]} -{evels the ground
bowl, The bowl blade slope with a with a dozer blade.
digs about 50cm into full bowl, The end result -- a

strafght, flat, and.

the ground. Moving for-
compacted covering

ward for about 30 sec.

(approx. 15m} sill the sol) surface.
bowl which begins to
risEo

tig. 6.4 Scraping operation by a scraper dozer

+

Reverse movement

Dawp soil operation

Climbing a 30[°] slo
Pe is possible when the bowl j
13 empty.
:guipment lifts the apron and pushes earth and sand wishy;n e
ector. It 'spreads soil in both modes. '

Fig. 6.5 f{continued) Scraping operation by a scraper dozer

Farthmovers dlg and scrape and cover waste with earth and sand
T“} L]
eY repair land surfaces, mostly used at large scale facilities

They have capacities that range from 1.5m3 to Jﬂm3
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1

Table 6.1 is a comparison of sanitary landfill equipment.

Table 6.1 comparison of sanitary landfill egquipment

Cover Soil

t
Operation Wastes
TyYpe Level Press big Level Press Dca
P scrape E
Crawladozer
D

{(Bulldozer) A B ¢ A B
Crawlaloadec

1} D
{Tractor shovel) ® A B B
Wheeldozer A B C B B D
HWheeloader o B c B 11} D
Scrapedozer B D
Scraper earthmover D D B A D A
Power shovel

D
Dragline D A c D D
Compactor A A D B A b

Sanitary landfill machines are expensive. It is, therefore,

important to consider the scale of a final disposal site and the

type of waste 1t will accommodate before determining what equipnient

to purchase., Additionally important may be the limitation of

purchasing only one machine because of economjic reasons.

In this

case, one machine must perform all the functions necessary for

smooth landfill operation (leveling and rolling of waste disposal,

collection of cover soil, covering and leveling of ground). This

suggests that a crawl-type dozer is most sultable for work in

limited areas and wheel-type loaders are, because of thelr excellent

mobility, hetter suited Eor operation in larger sites spread over a

wider area.
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Table 6.2
Application of

Cover Material

Cover material thickness e
Daily ' G in, 0-7 days
Inlermediate 1t 7-365 days
Final 21 > 365 days

* Tha langth of time cover matarist will ba enposed to
erozlon by wind and raln,

Table 6.3|Suitability of General Soil Types as Cover Material®

Claan Clayey-siily Cican aayy-sllty Siit Ciay
Function mravet dravel sand sand

Preven! rodenls from burrowing

or lunneling ) G F-G G P P P
Heep fiies from emerging P F P G G Et
Minimize moisture entering

filt F £G P G-E G-E £t
Minimize land{ilt gas veniing

Huough cover P F-G P GE G-E Et
Provide pleasing appearance

and conlto! blowing paper E E E E E E
Grow vegelatian P G p-F E G-E F-G
Be permealble for venling )

decompasilion gas? E 3 G 3 P P

* E, excelloant; G, aood; F, fait; P, paor,

{ Except when csncha exlend thicugh the anlire cover,

i Only if walf drained,
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7- POLLUTION CONTROL AND MEASURES

A knowledge of solid waste decomposition processes and the many
influences they exert is essential to proper sanitary landfill
site selection and design .

Solid wastes deposited in a landfill degrade chemically and
biologically to produce solid ,liquid and gaseous products .

Ferrous and other metals are oxidized ,organic and inorganic
wastes are utilized by microorganisms through aerobic and
anaerobic synthesis.

Liguid waste products of microbial degradation, such as organic
acids ,increase chemical activity within the £ill. Food wastes
degrade quite readily ,while other material ,such as plastics ,
rubber ,glass and some demolition wastes ,are highly resistant to
decomposition. Some factors that affect degradation are the
heterogeneous character of the wastes, their physical, chemical ,
and bioclogical properties,the availability of oxygen and moisture
within the fill, temperature, microbial population ,and type of
synthesis.

Since the solid wastes usually form a very heterogeneous mass
of nonuniform size and variable composition, and other factors are
complex,variable ,and difficult to control , it is not possible to

accurately predict contaminant quantities and production rates

7. 1 Waste Decomposition Within a Landfill

Organic substances 1in landfilled waste are transformed into
variety of simpler organic substances and biogases by the action
of microorganisms that are abundant in waste. In general, a waste
within a landfill goes through three different stages with

different types of bacteria predominating in each stage.

Shortly after of fillings, air is entrained within a pore of
waste layer and aerobic condition will exist, however, the oxygen
is consumed rapidly by the action of aercobic bacteria and then

facultative anaerobic bacteria will dominate at next stage.
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These produce large amount of fatty acids and carbon dioxide.
Fatty acids as well as water soluble organic substances which are
originally contained in waste should be a source of high BOD and
/or COD of leachate and decrease pH of leachate to around 4 or 5,

which in turn dissolve some inorganic substances in waste.

With time, methanogenic bacteria will dominate and anaerobic
decomposition will proceed. These bacteria decompose the fatty
acids to methane and carbon dioxide, which results in an increae
of pH to 7or B and a fall of BOD and /or COD. A simple scheme of
anaerobic biodegradation of organic substances 1is described in
Figure7.1. Actual landfill site, however, receives different type
of organic substances, some of which are readily degradable and
others are not. Additionally, one landfill may have different
parts of filled waste with a different stage of degradation which

reflects leachate and gas compositions.

Figure 7.2 shows an example of material balance of organic
carbon in landfill which was located at Tokyo Bay. This site was
operated durning 1965 and 1974 and received mainly unprocessed
municipal waste. Tokyo Metroporitan Goverment estimated 2.25x10°
tons of organic carbon were contained in tipped waste. About 49.3%
of them would be released from site in the form of gas such as
methane and carbon dioxide, only 0.9% of organic carbon would
dissolve in leachate and others would remaine in tipped waste as a
humus by the year of 1984. This estimation shows half of organic
carbon initially contained in waste is transformed into gaseous
phase and another half will remain in landfill site for a long
time. '

Therefore, it takes several years for organic substance in waste

to be degraded and stabilize through biological transformation.

7. 2 Leachate Generation and Environmental Effects

The rainfall infiltration, surface water which comes in

- /{!‘.—-
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Fig., 7.1 Anaerobic Decomposition of Organic Waste
i’ CARBON MATERIAL BALANCE IN TIPPED REFUSE
B .

-

TOC ([2.25 x 100 ton)

PHYSICAL COMPACTIOH &
POLLUTAL

INTERHEDIATE PRODUCTS
BY DEGRADATION

FIMAL PRODUCTS

LOYER FATTY_ACID |
DY DEGRADATION:
HUMUS GASFICATIDN
DISSOLVED_CARBOM DIOXI0E| GENERATION \ Ccha
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Source: Tokyo Metropolitan Government (1975)

‘Fig. 7.2 Material Balance of Total Organic
Carbon in Tipped Waste
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from out of the landfill arera,. and groundwater when the landfill’
is constructed below the groundwater table and no lining systems
are equipped, are major sources of leachate. These water
percolating through waste produce highly contaminated leachate
that will cause water pollution if this leachate enters into
surface and groundwater unless sufficient natural attenuation or
control has occurred. Figure7.6 shows an example of evidence of
groudwater pollution caused by waste landfill . Constituents
increase considerably to a maximum in the area underlying the
landfill and then decrease gradually in both  upstream and

downstream of groundwater flow.

Landfill site must be selected and constructed to ensure the
protection of water resources. Good design and maintenace can
also ensure the prevention of water pollution . The substantial
effects of surface water and groundwater pollution by leachate
and associated problems are summarized in Table 7.1 and Table 7.2
respectively .

High BOD leachate and soluble metals in a reduced form will
deplete the oxygen content in water resources, which results in a
killing of oxygen-dependent species and bad taste and smell as
well. Nitrogen,metals, organic and pH change increase toxicity of
water and wake unsuitable for agricultural and domestic use .

Non-biodegradable constituents will accumulate through food
chains. Nitrogen, phosphorus will promote eutrophication in a
closed region of surface waéer. Some constituents in leachate
such as chlorinated organic compounds are chemically stable,
hence once groundwater has become polluted by these substances
it may be impossible to be restored naturally and diffi-cult and

expensive to clean it up.

Fundamentals of leachate generation control is to understand
water balance of the landfill site, that is, amount of input and
output of water, water storage capacity of landfill. Input sources

are rainwater infiltration , surface run-in, and groundwater if
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sealing of landfill is insufficient and grounwater table is above
the bottom of landfill, while outputs are leachate,surface run-off
and evapotranspiration from landfill surface. Water balance study
provides basic informations to estimate quantity and timing of

leachate generation so that leachate control can be done.

It 1is also important to note that there exists natural
attenuation capacity for some constituents in soil environment and
waste itself toreduce polluting potential of leachate. Attendation
mechanisms include absorption, adsorption, filtration,dilution,
dispersion, precipitation,oxidation~reduction, co-precipitation,
ion exchange, and biodegradation,etc. Depending on constituents,
geochemistry of the soil, and hydrogeological conditions, the
effectiveness of attenuation processes are different from site to

site.
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Table 7.1 Potential Leachate Problems in Surface Waters

ot . A W Ea e G S Sy Wb A A A B A M M A S s L M e b R AR B U S W6 M e Gt Gef M W M G S G M W M e AR A M M S R S W e dep me mm e

Parameter Effect Associated Problems

BOD oxygen depletion septic condition, discoloration,
taste and odor problems

Iron rust-colored discoloration, slime growths on

stains : stream bottom, taste and odor

problems .

pH increased toxicity potential problems for domestic

reduction use, irrigation, and stock watering
downstream

Nitrogen ditto. ditto.

Metals ditto. ditto.

Organics ditto. ditto.

pH metal precipitation blanking of stream bottom, long

increase ) term toxity

Calcium increased hardness interference with domestic use

Magnesium ditto. ditto.

Nitrogen algal blooms interference with domestic and
recreational use

Phosphorus ditto. ditto.

Color discoloration reduced photosynthesis and oxygen

depletion, esthetically unpleasant

MmO WA AR RS e e Wt A WS SR SR W e e et A M W W mw e A M TR TR e e A R W T S S e G R M M e e e R M SR e Er e R A e W W et B M e W e e

Source: R.D.Cameron (1978)

Table 7.2 potential Leachate Problems in Groundwaters

W e e e e M b b e e s et e e deh e et g v et W M B R Nt R e ey R e G e A A W s Em B b A B R Ak W b et M T S M AR A B G WA LA AR AN A AR

Parameter Effect Associated Problems
BOD oxygen depletion discoloration, taste and odorx
problems
‘Iron rust-colored staining of cloths and fixture,
stains taste and odor problems

pH change increased toxicity possible problems for domestic
use, irrigation, and stock watering

Nitrogen ditto. dittbo.
Metals ditto. ditto.
Organics ditto. diccto.
Increase metal possible aquifierclogging
pH precipitation
Total attenuation and aquifier clogging, possible later
solids build~up desorption
Fluoride high fluoride mottled teeth
levels
Selenium ‘"toxicity possible toxicity to human
Color discoloration esthetically unpleasant

e e e St vt G e A e S M AN jem s AR TS S W W W W U i A A peb e e WA A e S v W W Bb A oy s mw e wm w Bee T G e Emk P S M G B i R RN W e e

Source: R,D.Cameron (1978)
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7.3 Gas Production Pattern

Gas production pattern of a typical sanitary landfill is shown

in TFigure 7.3%. In this Figure four distinct phases are identified:
phase 1, aerobic; phase 2, anaerobic ; nonmethanogenic ; phase 3,
anaerobic methanogenic, unsteady; and phased, anaerobic
methanogenic, steady.
The nonmethanogenic stage is initiated by hydrolysis processes
with converging complex organic matter to soluble components by
means of cellulase. Within a short time, anaerobic conditions
prevail, and there after only two gases are produced in
appreciable quantity: methane (about 55% by volume )and carbon
dioxide (about 40% by volume }.

The rate of gas production and the duration of each phase are
site specific. The bench scale landfill experiment of shredded
municipal waste showed that it took about 300 days to reach stable
methane production as shown in Figure 7.4. Most sanitary landfills
are sailid to reach steady state methane production in 180 to 500
days. The first stage may complete only in a few days to weeks. It
is quite difficult to estimate overall gas production period,
however, as a common sence, a couple of decades will be needed for

degradation of organic substances in municipal waste landfill.

Methane production is controlled by many factors such as waste
composition, moisture content, temperature, alkalinity, redox
potential and pH. Among them moisture is critical to gas
generation. Gas production increases with moisture content up to
saturation and optimum moisture content is said to be above 40
percent. Methanogenic bacteria can survive only within a narrow
range of pH between 6.4 and7.4. Optimum temperature for anaerobic
decomposition lies between 29 °C and 37 °C . Some waste may inhibit
activities of methanogenic bacteria, while onthe other hand, co-
disposal of waste with high putrescible materials such as organic

sludge may enhance gas production.
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7. 4 Gas Migration and Control
(1) Gas Migration

Landfill gases migrate quite easily to significant distances
through soil. Movement will be greatest through highly permeable
soil such as sand or gravel and least in silty and clayey soils.
The gases generated inside landfills will vent to the atmosphere
by wupward migration and/or horizontal migration. If landfill
surfaces are covered by low permeable soil, asphalt or capped with
a clay or synthetic liner,there is greater tendency toward lateral
migration. In general, a landfill constructed in a sand-gravel
environment experiences greater lateral movement of gases than one
in a clay environment (see Figure 7.5). Experiments at gravel pit
landfill site in California, U.S,A. showed that rate of CO,
movement in vertically downward and in horizontal direction was 27
tons/ha/yr and 25tons/ha/yr respectively, while upward movement

through 41cm silt cover was 2-3x10%"tons/ha/yr.

The most serious problem caused by landfill gases is explosion
and/or fire hazard. Methane and some of trace gas as such as
hydrogen are combustible, and in concentrations between 5 and 15
percent by volume in air, methane is ignitable at atomospheric
pressure and temperature. An explosion hazard is enhanced when
methane migrates from landfill site and is mixed with air in a
confined space. Several tragic accidets caused by methane
explosion have been reported in U.S.A.and Japan. Other actual or
potential threats associated with 1landfill gases include
acidification of groundwater by carbon dioxide, vegetation
damage, odor problems, property value detorioration, and toxic

emissions.

Excessive acidification of groundwater accelerates corrosion
of iron, steel and dissolution of carbonate compounds from soil
and rock formation. Presence of carbonates, bicarbonate, and
hydroxides causes increase of alkalinity of water. Alkalinity is

detrimental to many industry such as food production as well as



EXTENSIVE LATERAL MIGRATION

CLAY SOIL, FROZEN OR SATURATED SOIL,

CLAY OR SYNTHETIC CAP
[LOW PERMEABILITY) . OR PAVEMENT (LOW PERMEABILITY)
*__~_ ,ffhhr
--'---i
Ninvuny
S L T P - ,-'2

-

SOSEANEY & B PV I Vil oy L RO :
. . r~ oy AV .-_'_. a "_'-.09 r~ .0, . r
ero,t T /;'L}j“'gl% = / . o- Vel e \.°~._ P '. ,.:j‘
.8

e ol AEFUSE - 7% \c"/i'v RO AL .
0.. . . /3:'_, 1{-\}’.—‘_ )‘r s /.:‘ Lot o o‘-,'_".' '--. . -.l \._..'.,..
- Ty ; T . e B

M --.o._'-

. . L) . . L . . - §
Sl Tl Tret bl UE e e el e . SO AR
LI BN T ATt - IO Y e P LR

' SAND AND GRAVEL SOIL
{HIGH PERMEABILITY)

EXTENSIVE VERTICAL

*
SAND AND GRAVEL CAF
[HIGH PERMEABILITY)

N

1T A
P 5 : \\\\\\§
. ‘ AN NSNNNNNN
NN \\\\\\\\\\\\\\m\\\

REFUSE

{Low FERMEABILITY)

Source: U.S.EPA (1985)

Pathways of Gas Migration

« Fig, 7.5

-.{'LC’...



objectionable to drinkiné wafer. Water containing carbonates and
bicarbonates of calcium and magnesium increases hardness. Hardness
profile of groundwater beneath the waste landfill site which was
definitely identified as a source of groundwater pollution, is

depicted in Figure 7.6.

(2) Gas Control Systems

Since uncontrolled gas migration can result in significant
hazards, special control systems are required to alleniate these
-problems. Gas control systems make use of natural barrieré when
possible and of artificial barriers such as gas venting trenches
and wells. Natural barriers include fine-grained soils such as
glacial till or clay and water-saturated coarse~grained soils.
Lateral gas migration can be naturally contreolled at a landfill

boundary where these kinds of soil formations exist.

Artificial control systems include permeable trenches with or
without impermeable membranes, induced exhaust or gas-extraction
systems,and vertical venting. These are summarized in Figure 7.7.
Permeable trenches are constructed by digging down to the bottom
of landfill or grounwater table and backfilling the trenches with
coarse aggregate or builders'rubble. The gas can be vented to the
atomeosphere through this trench, or the trench can be equipped
with gas collection or exhaust systems when sole trench does not

work effectively to vent gas.

A permeable trench (see Figure7.78) may be an effective lateral
migration control system at an landfill site situated in less
permeable soil having a deep water table. The trench should be
constructed to a depth at least equal to.the depth of the landfill

In permeable soils, a trench should be provided with an
impermeable barrier such as plastic sheet or clay along the outer
wa;1 of trench (see Figure 7.7B). Pipe venting (see Figure7.70C)
should be provided between the landfill and the impermeable

- SO_



barrier in areas where top covering of trench may occur.

An induced exhaust system (see Figure 7.7L), consisting of a
permeable trench equipped with gas vents or separately installed
gas wells connected by a header to an exhaust blower is a most
effective gas control method. Vertical vents, or gas wells,
installed around the landfill at 30 to 60ft centers and down to
the base of or to the water table are effective if connected to a

header and exhaust blower.

In landfills where soil conditions or site conditions make it
difficult to construct deep trench, gas venting pipes can be
installed either around the perimeter of the site or within the
landfill itself. 1In these alternatives, unless a sufficiant
number of such pipes are installed, pumping systems with an
appropriate header will be required to ensure an adeguate
ventilation. In Japan, perforated pipes with a diameter of 10-20
cm are commonly used at an interval of 50-100m wifhin a landfill.

(see Figure7.8)

There are two methods of handling landfill gas that is
collected from landfill. The first is to vent it directly to the
atmosphere. The second one is to burn the gas, transforming it
into odorless gases. The former method is not necessarily
applicable to all landfill site because this method sometimes
poses environmental problems due to hazardous or odorous gas
constituents. The latter is effective whenever high concentration
of methane is present and can be burned continuously. Special
care must be done, however, to prevent flame from extinguishing by

fitting a wind cowl to the pipe or wind shelter around the pipe.
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Fig.7.8 Typical sanitary landFill site with wire-cyclinder for gas control !
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8.LE'ACI-IATE CONTROL AND TREATMENT

8. 1 Leachate Characteristics

The chemical characteristics of leachate will depend on waste
composition and conditions within the landfill such as temperature
moisture, stage of decomposition, landfill depth and so forth.
Among them, brief outline of leachate characteristics with a stage
of decomposition are described in 7.1. As a whole, COD, BOD, and
NH,-N of leachate of typical sanitary landfill will change with
time as shown in Figqure 8.1. BOD decreases more ;apidly than COD
because BOD is attributed to more easily biodegradable substances
in waste andthese are attacked by variety of bacteria at early

stage of filling.

Landfill structures or landfilling techniques prescribe some
conditions within landfill mentioned above and therefore rate of
waste decomposition and stabilization. Considering a difference of
metabolic function of microorganism within landfill, landfill
structure is classified into five categories. Concept of these
technologies are shown in Table 8.1 and Figure 8.2 and leachate
characteristics generated from these 1landfills are compared in
Table 820,b,Fig.8.3. Rerobic type landfill structure can attain
rapid decomposition of waste and quick stabilization, however,its
construction and maintenance cost is the highest and proper
operation is rather impractical.

Contrary to aerobic landfill, semi-aerobic type landfill is easy
to construct with less maintenance care and early stabilization
and quick decomposition of waste can be expected

So the semiaerobic landfill will be discussed first.

In Japan, after Dr.Hanasima et.al introduced a new method of
stabilizing solid wastes by landfill, [ SEMIAEROBIC LANDFILL] was
defined as a sanitary landfill with perforated leachate
collection pipes, which not only drains the leachate but also

supplies the waste with air by natural convection.



FigB.4 shows an example of the structure of semiaercobic landfills.
Perforated pipes are enclosed by packed gravels overlaid by the
solid waste and the waste is overlaid by the porous soil cover.
These pipes are led to open air so that the influx of air 1is
induced naturally. Since oxygen is supplied to micro-organisms by
the natural convection of air, the waste can be stabilized
biochemically through aercobic fermentation.
Some of the advantages in semiaerobic landfilling are that
1 {1) The leachate is less problematic than in aerobic landfilling;
{2) the production of hazardous gases can be reduced; (3)the soild
waste 1is more quickly stabilized than it 1is in anaerobic
landfilling; (4) the groundwater pollution of leachate can be
reduced; and (5} operations can be maintained at a low cost.
For these reasons, this type is recommended for the landfill site

which accepts organic waste in Japan.

8.2 Selection of Leachate Treatment Process

Composition of leachate changes with time and, although there
are many low-molecular-weight organic compounds at early stage of
filling, the fraction of high-molecular-weight compounds from
less-decomposing organic substances becomes more not able as time
goes on. Thus, for younger 1landfills of less than 5 years,
biological treatment is effective but, as it gets older, leachate
quality becomes more suitable forphysical and chemical treatments.
Therefore biological treatment and coagulation precipitation are
the minimum requirement for a treatment of 1landfill leachate
during a life of landfill and higher level of treatment should be
applied depending on the target of effluent quality. General flow
diagram for leachate treatment is shown in Figure 8.5 and unit
processes and their removal efficiency for each target
contaminants are summarized in Table 8.3.
The fundamental processes of the leachate treatment are shown in
Fig.8.6~8.11. and Table 8.4.
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Fig. 8.1+ Change of Leachate Concentration with Time

Table 8.1, Classification of Landfill Structure

Anaerobic landf£ill Solid wastes are f£illed ;in digged area of plane
field or valley. Hestes are filled with water
and in-anaerobic condition.

Anaerobic sanité:y Anaeroble landf£ill with cover like sandwich

landfill _shape. Condition in solid waste is same as
anaerobic landfill.

Improved anaeroblc ' This has leachate collection system in the
sanitary landfill bottom of the landflll site. OQthers are same as
{(Improved sanitary anaerobic sanltary landf£ill. The conditions is
landfill) ° still anacroblc and molsture content is much

less than anaeroblc sanitary landfill.

Semi—-aeroblic landEill Leachate collection duct is bigger than the one
of improved sanitary landfil)l. The openlng of
the duct 1ls sugrounded by air and the duct 1isa
covered with small crushed stones. Moisture
content in seclid waste 1s small. Oxygen is
supplied to solid waste from leachate collection
duct.

Aerobic landfill In addition to the leachate collection pipe, air
supply plpes are attached and alr is enforced to|.

enter the solid waste of which condition becomes
more aerobic than seml-aerobic landEill.
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‘Fig. 8.2 Classification of landfill structures
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Table 8.2¢Composition of Initial Leachate®
from Municipal Solid Waste

Component I.u:r; e th Tow Y B;llah
pll 5.0 6.5 3.7 8.5
Hardness, CaCo, 890 7,600 200 050
Atkaiinity, Ca€C3, 730 9,500

Ca 240 2,330

Mg 64 410

Na 85 1,700 127 3,800
£ 28 1,700

Fe {lofal) 6.5 220 012 1,640
Ferseus fron 8.7t 8.7t

Cllaride 96 2,350 47 2,340
Suffate B4 - 730 20 375
Fhrosphate . 0.? 29 24 X
Ospanic-N 2.4 461:5 8.0 482
NH,-N 0.22 480 2.1 177
pop 21,000 30,300

cod 869 50715
In 0.03 129
Ni 0.15 0.81
Suspended solids 13 26,500

* Avernge rompositien, mg per litar of flirst 1.3 lilers af
leachate per cubic ool ol a compacied, reprasentative,
mumeipd! wolid wasla,

t One doiermination,
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Fig. 8.3 Landfill structure and leachate quality (BODs)
of the domestic solid waste
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Fig., 8.5 Schematic Diagram of Leachate Treatment
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Table 8.3 Leachate Treatment Technology

—_— e ™

Target Pollutante

- na g i,

t Technolo - Heavy
Treatmen BY pop_cop 55 T-N _Color Metals _ Remarks
Rotating Bilologicel: & F P P P P Applied at compara-
Contactor tively low copncentra-
tion
Contact oxidation G F P P P B Applied at compara-
process, : tively low concentra-
. - . tion
Activated aludge G F P P P P Rate of COD removal

varies from 10 to BO%
depending on the pro-

process (conventional,
extended, non-continu-

ous types . pertles of water.
Hli3-N may change
HOE-H.

Lagoon . 7 K ¥. P F P P When BOD Iin raw water

is high, the rate of
removal drops. The
running cost ia low.

Biological Medium G F G P P P Since BOD load is as
filtracion proceas: . high as 3 ~ 5 kg

. - (mé-day), the site -
area can be small.

Bioiogi:hl denltrifi- G F P G P P NH3-N changes to

cation . iz gas.

Coagulating sedimenta- F G G P G F Effective in removing

tion process §5, €COD, and chroma-
ticicy.

Sand filtration P P G P P P Required as pretreat-

ment of actlivated
' carbon adsorption.

) method.
Activated carbon G G F P G F Effective in removing
asdsorption’’ coD, and chro-

maticity; removal of
toxic substances
and organic nitrogen
can be expected.

-

Ozonization - .. P F " P P G, 3 Especlially effective
in removing chromati-
clity. _

o P P P 13 G Effective in removing

Chelate reéin heavy metals,

Removal Efficiency: G=pood, F=fair, P=poor
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~—Tricking £ilter method
Fixed method—————}—Rotating disc method

~— Aerobic submerged [ilter method

——Activated sludge methad

Floating method

.—Aerated lagoon method

Fig. 8.8 Biological Treatment Method
Used for Effluent Treatment

Returned sludge

Aeration
tank .
Input —— Effluent
Aeration
tank
Sedimentation
Distribution tank
measure

ng 8.9 Typical Case Where Two Aeration Tanks
Are Used Under Activated Siudge Method

.
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oty
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Returned water

Y

Returned water

/R
i

Effluent

Input

First Second

tricking tricking

filter filter
Intermediate Final sedimenta-
sedimentation tion tank

tank

Fig.&,lﬂ Example of Two-stage Tricking Filter Method

n B
Toput ——{=1=]) |
I 4 Sedimentation
%Lm—- F tank
Rotating Contact tank
disc

(Three stages, for example)

Rotating —_

ontact tank
/Cl’l

disc, d- - _ F .
Input = J” 1 Sedimentation,
tank
Intermediate™ (p,,; partitions, for example)
partition

Fig. 8.1 Example of Treatment with Rotating Discs

Tabfe 8,4' Comparison of Operation and Maintenance Items

Under Biological Treatment Method

Fixed method

ﬁiiii’ﬁiﬁ?l Actlvated Aerobic sub-
nethod sludge method Tricking merged filter Rotating disc
. filter method . method
method
Control . Control of . Control of Control of, . Control of
items . the quantity divagation divagation exfoliative
of sludge and blocking and blocking sludge
. Adjustment of filling of filling . Adjustment
materials materials
of the . of the
quantity of . Adjustment . Adjustment rotation
aeration of the of the speed
volume of volume of
circulating circulating
water water
. Adjustment . Adjustment
of the of the
quantity of quantity of
aeration aeration
(tower

system only)
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Construction cost of leachate treatment facility calculated by
per volume of effluent decreases as the capacity of treatment
facility increases and vice versa. As an example in Japan,
construction cost of leachate treatment facility with a capacity
of 200-300 m®/day, which is equipped with a rotating biological
contactor for biological treatment including denitrification
process, coagulation precipitation,sand filtration, and activated

carbon adsorption is 2.5-3 million yen per m®.

8.3 Lining Systems of Waste landfill

Sanitary landfill in Japan is requested by technical standards
set by the goverment to have lining systems at bottom and side of
the landfill to prevent both leachate seepage into surrounding
soil systems and grounwater intrusion inte the landfill when
constructed in the so0il formations that is wunsuiatable for
pollutants attenuation or retardation of water movement which is

the general case in Japan.

Hydraulic conductivity of lining material is required to be
below 10-°cm/sec. Lining materials that satisfy such condition are
compacted clay, bentonite, asphalt, or synthetic menbranes such
as PVC, HDPE (High Density Polyethylene ), vulcanized rubber, etc.
Rubber sheetis most commonly used in Japan, however, rather
expensive. The cost of rubber sheet with a thickness of 1.5 mm is
about 3-4,000 yen/m?. Clay liner may be the cheepest if clay

exists in- sufficient amount in the vicinity of the landfill site.

A prime consideration when '~ installing a liner is its
effectiveness to prevent leachate movement during a whole life of
landfill. Even the impermeable liner can not prevent leachate
leakage i1if the liner has holes or cracks. Thus, the utmost care
and QA/QC programs are needed not to destroy the liner in all
aspects of design, construction, and operation. Another concern is
an interference of chemicals in leachate with lining materials.

Some organic chemicals are pointed out to react with some
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synthethic liner and deteriorate physical and chemical property
of lining materials. Even clay liner is damaged by some chemicals
and 1its hydraulic -conductivity for that chemical solution
increases higher than that of water. Such example is shown 1in
Figure B.12 for methanol as a solution flowing through various
clays .

In Japan newly designed landfill sites have a semiaerobic
landfill structure. In the case of semiaerobic landfills, leachate
is quickly collected using the leachate collection system to let
down the leachated water table to bottomn of landfill so that
semiaerobic condition will be achieved. By this method the
groundwater pollution and pollution 1load of 1lining can be
reducted. Linner system is very important to collect leachate
quickly at the bottom of landfill.

U.S.EPA has proposed double liner systems for hazardous
waste landfills to assure perfectness of sealing as well as
effective leachate drainage. They provide two types of double
lining system. The first one is consisted of two flexible membrane
liners for both primary (top} and secondary. (bottom) 1liner.
Another type consists of flexible membrane liner for primary liner
and compacted soil for secondary 1liner. Both types have two
leachate collection and removal systems above primary liner and
between two liners. Details of these systems 1is sketched in
FiqureB8.13. Secondary leachate collection and removal system is
established so that corrective action or some countermeasures can

be considered before serious environmental pollutions occure.
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8.4 Site Selection for Land Disposal

In the process of selection of suitable site for a landfill,
many factors must be considerd. The major factors to be considered
include environmental, engineering/economics, planning, and
acceptability factors. Careful selection of sites is critical
because, once the landfill is in operation, most of the natural
phenomena such as water table fluctuation, floods can not be
controlled easily. There is rarely an ideal site for a landfill
and therefore a particular location must be developed and
engineered to be suitable. From the view points to control and
prevent surface water and groundwater contamination major
considerations are environmental characteristics of the site,

especially hydrology, geology, and soil properties.

Hydrological characteristics of the site are required to
evaluate the site. These characteristics are the parameters
governing the movement of water through the soils, surface
runcff, and evapotran spiration. Hence, to a large extent,
hydrology of the site will determine whether leachate will result
in water pollution or not. The important site characteristics are
the following: (1) depth to bedrockor gravel, (2) depth of the
seasonal water table, (3) thickness of so0il(4) soil texture, (5)
soil permeability, (6) available water-holding capacity of the
site, (7) so0il pH, (8) soil salinity, (9) the shrink-swell
potential of soil. The depth of soil to bedrock, gravel is an
important factor to judge the possibility for grounwater
contamination. Permeability is another indicator of potential for
groundwater contamination.

Un suitable hydrogeologic coﬁditions for landfill include
flood prone area such as delta and tidal flats, low-lying sites of
drainage basins, sites neerby well used ‘for drinking water. These
sites contain hydrogeologic conditions that have the potential
of water pollution by leachate and should be restricted from

selection for landfill site.
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An evalution of the geologic and soil conditions underlying
a landfill site is essential for proper design and management to
prevent water contamination. Particular attention should be given
to: (1)}depth to subsurface soil, (2) characteristics of subsurface
soil in relation to stability and water transmission, (3} degree of
weatﬁering with depth, (4)outcrops of bedrock, (5)type of bedrock,
(6) fissures, faults, fractures, joints, limestome cavities,or other
irregularities in the bedrock.If leachate generates and enters the
rock strata with fractures and joints,contaminant will travel more
easily than in silty and clay soils which usually have a very low
permeability unless they have been subjected to jointing and form

open fractures.

When man-made pits such as strip mines, stone quarries, sand
and gravel pits are intended to be used as a sanitary landfill,
some of them require extensive site improvement to meet geologic
requirement for landfill. Because these formations have high
permeability, pollution potentials are very high.

Soils that exist in or near the landfill site are often used
as cover material of sanitary landfill. Cover of sanitary landfill
perform great functions to control water pollution by reducing
rainwater infiltration into wunderlying waste. To  reduce
infiltration surface vegetation must be considered.

Vegetation planted on final cover is also important to reduce
infiltration. The plants can draw water out of the ground and
reduce thg amount of percolating water.

Site charactristics that are unacceptable for hazardous waste
landdisposal are summarized in Table 8.5 , which include geology,
hydrology, climate; topography, soils, land use as an
environmental factor to be considered. These criteria is
applicable also for the selection of a landfill site for municipal

solid waste.
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Table §.5 Unacceptable sites for waste landfill

v R N et Eme e gem A R M S G M M N AR N R W S W A W et A W Gt S M W B e W e M M e S e W W et M e SN G Me e e mm A b B W S e s e

Environmental Restrictions
Factors
Geclogy -Bedrock outcrop

~Irregularities such as fissures or faults
overlying groundwater

Hydrology ~-Aquifer recharge zones ’
~-Flood prone areas such as river flood
plains, delta, tidal flats
-Wetlands
-Seasonally high water tables ( <4-6 ft )
~-Nearby private or community water supply
wells and reservoirs

Climate -Upwind of large populations
~Extremely wet or cold conditions

Topography ~-Overly steep slopes
~Broken terrain

Soils -Thin soil above groundwater
-Saline soils .
~-Highly permeable so0ils above shallow
groundwater
-S0ils with extreme erosion potential

Land use -Areas formerly used for landfills
-Areas contaminated with persistent
residues from past chemical spills or
waste treatment processing

. T I e e et e T T e el e e T

Source: U,.S5.EPA ( 1980 )
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9 COMPLETED SANITARY LANDIFILL

Reclaiming land by filling and raising the ground surface is one
of the great benefits of sanitary landfilling. The completed
sanitary landfill can be used for many purposes, but all of them

must be planned before operations begin.

9.1 Charactristics

The designer should know the future use of the completed
sanitary landfill before he begins design work.

Unlike an earthfill, a sanitary landfill consists of cells
containing a great variety of materials having different physical,
chemical and biological properties. The decomposion solid wastes
imparts characteristics to the fill that are peculiar to sanitary
landfills. These characteristics require that the designer plan
for gas and water controls, cell configuration, cover material
specifications {(as determined by the planned use),and the periodic
maintenance needed at the completed sanitary landfill.

The examples of characteristics are as follows.

. decomposition

density
. settlement

1
2
3
4. bearing capacity
5. landfill gases

6

. corrosion

9.2 Uses

There are many ways in whiqh a completed sanitary landfill
can be used; it can, for example, be converted into a green area
or be designed for recreational, agricultural, or light
construction purpoées. The landfill -:designer should evaluate
each proposal from a technical and economic viewpoint. More
suitable land is often avaiable elsewhere that would not require

the expensive construction techniques required at a sanitary
labdfill.
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The examples of uses are as follows;
1. green area
2. agriculture
3. construction (See Fig 9.1.)

4. recreation

9.3 Registration ‘

The completed landfill should be inspected by the government
agency responsible for ensuring its proper operation.
Folloﬁing final acceptance of the site, a detailed description,
including a plat, should be recorded with the proper authority in
the country where the site is located. This provides future owners
or users with adequate information regarding the previous use of
site. The description shoud,therfore,include type and general
location of wastes, number and type of lifts, and details about

the original terrain.
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1 0 PROSPECT FOR FUTURE

The quantities of waste discharge have been increasing year
by year, and efforts to reduce the volume of wastes are being made
by intermediate treatment and resource recovery
The quantities to be finally éisposed of, however, will stay
unchanged or increase in future.

Since most of the areas suitable for landfill sites which are
located near the sources of wastes are earmarked for other
purposes, getting a landfill site is becoming very difficult.

In view of this, large-scale reclamation on seacoast technology,
should be developed in the future.

Also development of a method for excavating the completed
landfill site and reutilizing the excavated materials is under

study as a measure to secure landfill site.

10.1 Development of Large-scale Reclamation on Seaccast Technology
Wastes has been persued in some cities; thus it is not a new
development. Since it involves large scale and extensive
operations, this undertaking gives great and extensive impact to
the environment. To prevent pollution ofnear-by waters, secure
water cut-off is needed, and there is a need to study a
construction method that can lower the water level inside theshore
protection wall artificially below the sea level and prevent
outflow of stored water and others to near-by waters. As various
wastes are gathered from a wide range of places, it is essential
to perform research and development related to a system and a
method for inspection of wastes. at the time of operation, a
control 5y5tem to prevent congestion with transport vehicles and
alternative means of transportation. (TFig. 10.1)
In addition to considerations related to environment preservation,
studies should be made regarding development of methods for geting
reclamation and contrel plans based on the character of wastes and

from the standpoint of utilization of reclaimed land.
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10.2 Development of Efficient Landfill Technology

Studies of measures for early stabilization of landfill site
have to be made to develop an efficient landfill technology.
For that purpose, circulatory semi-aerobic landfill method
(Fig.10.2) is being developed as means for wutilizing processing

functions at landfill site. .

10.3 Development of a Method for Excavating the landfill site
and Reutilizing the Excavated Materials.

The purpose of the method is to reduce the cost of facilities
at landfill site and reuse the site by excavating the compleated
site, and reutilize organic materials turning them into compost,
and soil, sand, rubbish, etc. into filling materials respectivily.
(Fig.10.3, 10.4)

The technology and methods to be developed for this purpose
include the following;

(1) Technology for excavating an existing landfill site.

(2) Technology for picking out and crushing excavated wastes.

{3) Method of reusing the materials picked out.

(4) Method of temporarily storing the materials picked out.

(5) Method of finally disposing of the materials picked out.

{(6) Method of transferring the materials picked out.
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Fig.10,2 Structure of Circulatory Seml-aeroblc Landfill Site
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1. DEFINITION OF SANITARY LANDFII.I.

1«1  The SANITARY LANDFILL is delined by the American

Society of Civil Engineers as :

A method of disposing of refuse on land without
creating nuisances or hazards to public health or
safety, by utilizing the principles of engineering to:
confine the refuse to the smallest practical area, to
reduce it to the smallest practical volume, and to
cover it with a layer of earth at the conclusion of
each day's operation, or at such more frequent

intervals as may be necessary.

162 Such a landfill is a well-controlled and truly sanitary
method of disposal of solid wastes upon land. It consists of

four bhasic operations ¢

(1) the solid wastes are deposited in a controlled

manner in a prepared portion of the sitey

(2) the s0lid wastes are spread and compacted in

thin layers;

(3) the solid wastes are coveraed daily or more

frequently, if necessary, with a layer of earth;

(4} the cover material is compacted daily,
1.3 . The final result cen be a golf course, tennis court,
playfield, botanical garden, municipal riding ring, or what-

ever not-too~heavy activity the éommunity wants.



2. ACTUAL SITUATION OF PROCESSING AND
FINAL DISPOSAL IN MATLAYSIA

2.1 Solid wastes in Malaysia do not go through any
processing activities except in the case of Kuala Terengganu.
Those brought to the disposal sites are salvaged by scavengers
and the rest left to mother nature for disposal. The market for
compost 1is very low thus making composting not viable here in
Malaysia although the City Hall of Kuala Lumpur is making use, of
the dried sludge from its central sewage treatment facilities as
soil conditioner for its beautification programme of planting new
trees and flowers.

2.2 Based on the sampling results carried out in 1978
paper constitutes the second highest percentage after putrescible
materials in the average composition of domestic refuse. Coupled

with favourable price of recycled paper, the paper recycling
activities have been reestablished recently. This had ceased for
a while possibly due to a much lower price of recycle paper. The

country is importing large amount of paper and cardboard to cater
for the needs of the information and paper—-based industries. The
Association of Paper Manufacturers of Malaysia 1is currently
carrying out a supply and demand study towards paper production
in general and the recycling paper industries in particular.
This shall provide the necessary information and foresee the move
towards paper recycling at a much larger scale. Simultaneously,
efforts are being made to persuade the Government to relax the
tax regulations which are prohibiting the export of waste paper.
All these would conclude that the recycling of paper could

look forward to better times. Other recycle items are hard to
predict. The ongeing practices give little indication that
systematic growth would occur. The returnable drinking bottles

system had long stopped because most manufacturers are adopting
the throwaway plastic bottles and other forms of containers for
their products.

2.3 In recent years, DBKL has been studying the
feasibility of energy recovery type incinerators to be
constructed and operated by the private sector with no charge to
DBKL. It has proved, however, that the continuous supply of

"burnable" wastes to the plants, one of the conditions set by
prospective contractors, cannot be achieved by DBKL especially
in the wet season. This shows that incinerators can be
introduced only by paying tipping fees whose level will be very
high compared with that of sanitary landfills.

2.4 However, many Local Authorities are not informed
correctly of the conclusion of the DBKL study and they are caught
by the thought that incinerators may solve the never ending
problem of finding new dumping sites. This mood has intensified
after the construction of a modern dincinerator in Kuala
Terengganu. This incinerator with a capacity of 100 ton per day
is the first plant of this nature in Malaysia and it has been in
operation since September 1987. The operation so far in this
plant shows, however, that Local Authorities are very likely to
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suffer from the lack of appropriate personnel to operate these
sophisticated plants.

FINAL DISPOSAL

2.5 Disposal is the final functional element in the
sclid waste management system and is the ultimate fate of all
solid waste. In most of the Local Authorities in Malaysia,
¢rude open dumping is practiced but in a few Local Authorities
controlled tipping is practiced. Many of these dump sites are
poorly located, in some cases too close to nearby housing units
and in other cases too far from the town centre. In these crude

open dump sites scavengers can be seen recovering recyclable
materials. Animals feeding on refuse and open burning can also be
observed. Table 1l shows scavengers recovering recyclable
materials, animals feeding on waste and open burning taking
place.

TABLE 1 : EXISTENCE O SCAVENGERS, ANIMALS AND OPEN BURNING
IN DUMPING SITES

Number of Dumping
Sites in District

Number of Dumping
Sites in Municipal

! f | I
i I | I
! | Councils ! Councils i
Iwith Scavengers : 15 (79%) I 68 (65%) i
IWithout Scavengers I 4 (21%) I 37 (35%) I
IWith Animals I 15 (79%) ; €63 (56%) :
IWithout Animals : 4 (21%) I 49 (44%) :
IWith Open Burning I 6 (32%) I B6 (75%) :
Ewithout Open Burning ; 13 (68%) E 28 (25%) E
i

. Questionnaire on Solid Waste Management, May 1987
This table covers all the releyant answers but not
all the dumping sites.

Source
Note

2.6 There are approXximately 230 official municipal
dumping sites in Peninsular Malaysia. In the case of Municipal
Councils, they have 1.8 dumping sites on average while District
Councils have 2.7 on average as shown in Table 2. In the c¢ase
of District Councils, more than one fourth have from 4 to 6
dumping sites. The size of these sites is small making the use
of conventional sanitary 1landfilling method technically and
eccocnomically difficult. On the other hand the reduction in the
number of dumping sites will increase the transportation cost
because of the existence of many small towns. By this reason,
it is necessary to develop unconventional sanitary landfilling



methods for small landfills to improve the final disposal in
District Councils.

TABLE 2 : DISTRIBUTICON OF THE NUMBER OF FINAL DISPOSAL SITES

' Number ! Municipal Councils | District Councils |
: 1 site/council : 11 (24%) ; 6 (55%) E
i 2 sites/council i 14 (30%) i 1 ( 9%) ;
i 3 sites/council i 9 (20%) ; 4 (36%) i
l 4 sites/council : 5 (11%) ; 0 ( 0%) ;
} 5 sites/council : 4 { 9%) : 0 { O%) i
E 6 sites/council E 3 ( 6%) ; 0 ( 0%) E

Source : Questionnaire on Solid Waste Management, May 1987

Average : MCs = 1.8 sites/council, DCs = 2.7 sites/council.
Note : This table covers all the relevant answers but not
all Local Authorities.
2.7 Through the field visits to 28 Local Authorities,

the 1landfills in Kuantan and Alor Setar have been classified as
possible candidates for model landfills in Peninsular Malaysia.
Kuantan's tipping site located at a by-pass is about 7 km from

the town centre and receives about 120 ton of wastes daily. The
access to the site is very good and the site is fenced to avoid
the entrance of strangers. The wastes are compacted by a
bulldozer and sprayed and covered daily. The cover material is

excavated on site. Alor Setar's tipping site at Jabi is about 16
km from the town centre and receives about 140 ton of wastes
daily. Final access from the main road to the site is not so
gecod needing improvement, but the wastes are compacted by a
bulldozer and covered daily using the materials excavated on
site. The operation in Alor Setar site is carried out by a
private contractor.

2.8 One more good example is Lebuh Bakau dumping site in
Pulau Pinang. Although the operation of the site is typical open
dumping, it is the only one site in Peninsular Malaysia equipped
with a weighbridge. The Municipal Council of Penang uses this
weighbridge to measure the waste amount collected by private
contractors and the payment is made on weight basis. Even in the
case o©of Local Authorities which do not use private contractors
for the collection of the wastes, the use of weighbridge is
highly recommendable to monitor and improve the collection work
productivity.



3. FINAL DISPOSAL IN DEVELOPING
COUNTRIES

3.1 Open dumplng remains the most prevalent form of
disposal witnessed in developing countries. Very little
of available budpet for waste manapgement is typically
allocated to dispogal. Since no monies are available for
disposal, proposals for sophisticated resource recovery
systems that "turn pgarbage into gold" are very attractive
to local politicians. In most cases, reality would not
bear out the promises and yet another *white elephantt®

would quietly stand as a tribute to poor planning analysis.

3.2 Landfill with special design to render the disposal
gsite sanitary nnd neat, and to minimize the potential for
gas and leachate pgeneration and migretion, is still the

most cost-effective means of dispossl available to most
cities, both in developing and in industrialized countries.
Only where there is vither a potentially strong economic
demand or intrinsic need for the by-products of resource

recovery should such waste processing be considered.

Be3 The resource recovery options which are probably
mogt appropriate in developing countries are based on
biological decomposition of the organic fraction of the
waﬁte. Because of climate conditions which generally allow
year-round outdoor treatment by biological systems, and
because of the organic moist nature of the wastes, developing
countries may find composting, biogas conversion, and methane

recovery from landfills technologically feasible. Careful

markel evmluation, which includes a pllot/dcmonstrsation step

for validation of market demand and acceptunce, is essential.
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3ol The number of publications presenting an array

of resource recovery options is extensive. DRNasically all
these references promote highly mechenized systems and

are directed toward audiences in industrialized countries.
Only incineration with energy generation is truly proven
smong the non-bioclogical techniques. Other systems using
technigues such as pyrolysis and refuse~derived fuel, remain
to be adegualely established in industrialized countries-

much less in developing countries.

2.5 The United Nations Development Programme, in
concert with the World Bank as executing agency, is
spongoring a global research and development project
starting in 1981 : to develop the state of the art of
approprinte technology for resource recovery in developing
counbries., Particular attention will be given to systems
thot integrate more than one type of waste stream, and

that integrate more than one type of technology.

3.6 Typically the main arpument for resource in g

city is lack of landfill space. Local government officials
may be willinpg to consider spending heavily for resource
recovery, but are often unwilling to spend a lesser amount
for equipment that reduce the amount of waste reguiring
disposal, or transfer systems that allow more distant

si£es to be utilized. It should be remembered that some
smount of landflill capacity would be needed [or any common

mode of disposal available.



L. NECESSARY DECISIONS FOR DISPOSAL
PROCESS DESIGN

L

o

SELECTION OF TINAL DISPOSAL METHOD
- DIRECT DISPOSAL WITHOUT PROCESSING

- SANITARY LANDFILL

- DUMPING IN RIVER OR S5EA
~ ANIMAL TEBDING

~ OPEN DUMPING

~ QPEN BURNING

NOT ACCEPTABLE FRCM
THE VIEWPOINT OF
ENVIRONMENTAL HEALTH

S Nt N N Vo

- PROCESSING FOLLOWED BY SANITARY LANDFILLING
~ SHREDDING
~ BAILIRG

- PROCESSING FOR MATERIAL/ENERGY RECOVERY FOLLOWED
BY SANITARY LANDFILLING

MECHANIC OR SEMIMECHANIC RECOVERY OF PAPER,
METAL, GLASS, ETC.

COHMPOSTING
INCINERATION
PYROLYSIS

1

SELECTION OF THE SANITARY LANDFILL SITE

~ GONFORMITY WITH THE LAND USE PLAN

- OWNER OF THE PROPERTY

- ACCESS TO THE SITE

- SIZE OF THE SIvE

- PUBLIC SERVICE AVALLABILITY

- COVER MATERIAL AVAILABILITY

- WATER RESOURCE CONSERVATICN

- DISTANCE FROM IIOUSES AND' FROM AIRPORT
- TOPOGRAPHIC AND CLIMATIC CONDITIONS

SELECTION OF THE AGENCY FOR THE TINAL DISPOSAL OPERATION

-~ DIRECT MUNICIPAL OPERATION
- MULTIMUNICIPAL OPERATION (SCALE ECONOMY)
~ OPERATION BY PRIVATE CONTHACTORS
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INVESTMENTS, COSTS AND INCOMES

PROCESSING AND INVESTMENT
FINAL DISPOSAL USS$/TON

OPERATION
US$/TON

COMPOSTING IN WINDROWS 3,000/ 5,000
MECHANICAL COMPOSTING  12,000/20,000
INCIN. WITHOUT HEAT USE 15,000/20,000
INCIN. WITH HEAT USE 25,000/35,060

SANITARY LANDFILL 1,500/ 3,000

SLF WITH TRANSFER STA. 3,500/ 5,500

(*) US DOLLARS OF 1976.

4.00/ 6.00
7.00/10,00
5.00/ 7.00
i0.00/lE.OO
1.50/ 2.50

4,00/ 6.00

INCOME
US%/TON
3.00/ 6.00
4.00/ 8.00
1.00/ 1.50

25.00/35.00

THE TABLE WAS PREPARED FOR THE CASE OF 300 TON/DAY.



5. POSSIBLE ALTERNATIVES OF PROCESSING
AND FINATL. DISPOSAL -
THEIR ADVANTAGES AND DISADVANTAGES

MANAGEMENT OF SOLID WASTES IN DEVELOPING COUNTRIES (BY FRANK FLINTOFF)
CHAPTER !3 TREATMENT AND DISPOSAL

Over 90% of the world’s solid wastes are disposed of in landfills. Sanitary
landfilling is the main method used in the West: crude dumping is very
common in the developing countries.

" There is no form of treatment that can entirely avoid the need for land
for final deposit. Trcatment often cnables a proportion of the wastes to be
utilized in some way, but there are residues from all forms of treatment and
the need for land space is rarcly reduced by more than 70% (Sce Figure
16). Thus sanitary landfilling is usually necessary, although on a reduced
scale, whatever form of treatment may be adopted. The most common
forms of trcatment are:

— size-reduction of the wastes by shredding or pulverization, in‘order to
improve the land-filling qualities of the wastes, or as a stage in a
composting process;

— composting, a system for controlling the natural decomposition
process to produce an organic fertilizer:

— 1incineration, the {Jrimagy purposc of which is to render the wastes
incrt, but which also reduces volume, and may sometimes provide a
source of cnergy.

All these forms of treatment provide opportunitics for recycling, because
facilities for the extraction of saleable materials can be incorporated in the
plants, .

13.1 Recycling

The constituents which are commonly extracted from domestic-trade
wastes for industrial use are:

— paper, for re-pulping;

— textiles for paper-making, machinery wipers, ctc.;
— metals for re-melting;

— glass for re-melting or abrasives manufacture, etc.;
— rubber for a downgraded use;

— plastics for the production of an inferior grade.

10



Extreme povci'ty may lead to the extraction of some kinds of wastes for
personal use:
2] -
— cinders, fragments of coal, coconut shells, etc., for use as fuel;
— metal cans for use as domestic vessels;
— vegetable wastes for animal feed.

The paradox of recyéling is that in the wealthy nations, where saleable
constituents may comprise 50% of the collected wastes, wages arc often
too high to permit the recovery, sorting and processing of these materials
to be carried out profitably, whereas in the poorer countries the proportion
of saleable materials may be negligible. This is partly because of low
consumption of paper, metal, glass and plastic, packaging materials, and
also because scavengers and refusc-handling workers extract almost
everything which is of use before the wastes reach the disposal site.

In most developing countries, therefore, there is very little scope for
recycling to be embodied as a planned stage of wastes disposal, because of
intensive private scavenging. This can be a serious problem at landfill sites,
which are often invaded, and sometimes pcrmanently inhabited, by
families of scavengers who support themselves in this way.

Planned recycling may, however, be profitable in countries where the
high value of recovered materials and the low wage cost of recovery and
recycling compensate for the relatively small proportions present in the
wastes. This appears to be the case in India at present. Ways in which
recycling can be operated in association with sanitary landfilling and
composting will be discussed later.

13.2 Pulverization

Because the wastes of the industrialized countries contain many bulky
and hollow articles, even pieces of furniture, pulverization is sometimes
used as a preliminary treatment before landfilling. By shredding cartons,
breaking bottles and crushing cans in a hammermill, a fairly homogeneous
mixture of wastes, of reduced particle size, is produced; this occupies less
space at the time of deposit and ultimately decomposes to form a
consolidated fill without voids, which could cause a protracted penod af
settlement.

The wastes of most developing countries, however, do not require this
form of treatment for landfill purposes: they contain few hollow articles
and in some countries up to 80 per cent of the crude wastes, as collected,
would pass a 50 mm screen; this is almost as good as the average product of
a hammermill in Europe. The most common bulky article in the wastes of
the intermediate countries is the fibreboard carton; these can usually be
extracted and sold. In tropical countries there may be bulky items of
vegetable wastes, but these will ulumatcly decompose w1thout pretreat-
ment.

11



Figure 15

THREE COMPONENT DIAGRAM ILLUSTRATING THE
UNSUITABILITY OF INDIAN WASTES FOR INCINERATION

(Adapted from ““Solid Wastes Management in India”, W.H.O.,
SEA/Env San/167, 1976; p. 34, Mr. A.D. Bhide, NEERI.)
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13.3 Composting

The wastes of S.E. Asian countries are often ideal for conversion into
organic fertilizer because of their high vegetable/putrescible content.
Economic forces aiso favour composting in those countries where high
food production is of great importance, while fertilizer imports are limited
by foreign exchange constraints.

There are five pre-conditions for successful composting:

— suitability of the wastes;
— a market for the product within 25 km of the city;

— the support of the agricultural authorities, particularly the ministry of
agr;culturc,

— a price_for the product which is acceptable to most {armers;
— a net disposal cost (plant costs minus income from salcs) which can be
sustained by the local authority.

When these conditions can be met, a developing country should closely
study the pussibility of composting because town wastes arc a significant
potential source of nitrogen, phosphate and potash as well as an organic
soil supplement.

13.4 Incineration

Modern incincration plants have the following features:

— automatic feeding of the wastes through a vertical chute which is
always full of refuse;

— automatic stoking of the burning wastes by mechanical grates;

-— ash discharge into a water-scaled pit.

The furnace is never opened for feeding, stoking or ashing, and thus smoke
cmission is avoided by this total control over combustion air. The gaseous
cffluent of these plants is usually treated by an electrostatic precipitator in
order to cxtract dust and grit.

The weight of ash is between 25% and 40% of the incoming wastes
and the volume between 109 and 15%. The high density of the ash makes
it.an cconomical material to transport and it can sometimes be used for
landfilling at sites where crude wastes would be unacceptable; however, it
does contain soluble inorganic salts which could cause water pollution.

In many European incinerators boilers are installed and the stcam is
uscd for the generation of clectricity, district heating, and sewage pumping, or
sold to industry. This is possible because the wastes are of high calorific
value, often one-third that of coal, and fairly low moisture content. As an
encrgy source, however, solid wastes arc of little significance. It has been
calculated that if all British wastes were utilized for this purpose (which is
impracticable), total encrgy production would be icss than two pcr cent of
current national consumption. Furthermore, it has rarely been demons-
trated that heat recuperation is profitable; in many cases the value of the
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steam is offset by a large mcrcasc in the capital cost of the plant and in
maintenance costs.

For most developing countries incineration can be dismissed firmly as a
rational solution to the problems of wastes disposal on the following
grounds:

. — wastes are too low in calorific value;

— they are probably high in moisture contcnt

— capital and operating costs are likely to be bcyond the means of most
cmes

In many countries calorific value is so low that, far from there being any
possibility of recovering encrgy by burning wastes, supplementary fuel may
. be necessary for at least part of the incincration process. This is
demonstrated in the three-component diagram, which shows that most
Indian wastes are unable to sustain their own combustion.

An argument which is used in Europe to justify the high cost of
incineration is that it reduces land space requirements and thus conserves
land in the vicinity of the city, thereby deferring the time when the wastes,
or the residues of treatment, have to be transported to much more distant
landfill sites. It is truc that space required for final deposit is reduced by a
factor of about three, compared with the decomposed volume of crude
wastes in sanitary landfill, However, it is likely that countries having wastes
of high density would not benefit to the same extent and that this factor
may be two or less. This is shown graphically in the bar chart, which tries to
compare land spacc nceds for low and high densities and for the main
disposal methods.

13.5 Cost

Given satisfactory standards for the protection of health and the
environment, cost will always be the criterion of choice of a waste disposal
method. It is necessary, therefore, to consider the probable comparative
costs of the main systems. There arc dangers in suggcstmg comparative
costs except for a specific city because of wide variations in labour cost and
other influences such as site conditions, economy of scale, and the
standards of buildings used to housc treatment plant.

When it is considered that current total expenditure on solid wastes
management, including collection of wastes and street cleansing, ranges
between Rs 5 and Rs 15/person/year in many developing countries,
incineration is ruled out simply on the ground that it would more than
double annual budget requirements,

Thus the following table cannot pretend to do more than indicate the
likely differences in scale of cost as between one method and another. It is
assumed that all transport operations take place within a radius of 8 km.

Sanitary landfill 1 "unit of cost
Pulverization/landfill S "
Incineration 15
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Compostmg
minimum mechanization S " minus income, say 2 nct
full mechanization 0" ” say 7 nct

At the time of writing, the cost unit for much of Asia could be taken to
be about Rs 10. This assumption makes it possible to measure the cost
impact of a disposal mcthod in the following way.

At a low rate of wastes pencration, 400 g/person/day, the weight to be
disposcd of/person/year would be 150 kg, The comparative costs per
person/ycar, at 1975 price level, are, thercfore:

Sanitary landfill Rs 1.5
Manual composting 3.0
Incineration 22.5

13.6 Environmental aspects

(a) Landfill. Every crude dump is an cnvironmental disaster causing

health risks from flics and rats, air pollution from deliberate or accidental
burning and water pollution through leaching by rainfall.
At a sanitary landfill vectors arc controlled by the operating mecthod.
Groundwater pollution is avoided by careful site seleetion and surface
water pollution is avoided by precliminary site engincering. Thus a
well-managed site involves no risks of pollution transfer to water or
atmosphere. Some short-term environmental degradation may be unavoid-
able in the form of traffic to and from the site, a scarred landscape caused
by carthmoving operations, some visible refusc at most times, wind-borne
litter during gales, and the noisc of tractors.

If a sanitary landfill sitc provides restoration of a former surface mincral
cxcavation, or improves a natural featurc by creating a park on cstuarial
mud, then it confers long-term: cnv1ronmcntal benefits which heavily
outwcngh the short-term problems.

(b) Composting. Composting systems, both manual and mechanized,
can be designed and operated so as to provide effective control over
discasc vectors, but it is rarcly possible cntirely to avoid occasional
offensive odours. The solution to this lies in careful site sclection. The
possible cconomic importance of composting to certain developing coun-
trics has already been stressed. There may also be significant advantages to
public health because it is often the custom for farmers to collect crude
wastes and to use them as fertilizers without any proper treatment or
control, thus causing risks which would be avoided if the wastes were
processed into a hygicnic product by the local authority.

(c) Incineration. Incincration has no obvious environmental advantages;
in fact, it sometimes presents environmental problems. A very tall chimney is
necessary to ensure that the efflucnt pases do '‘not descend over the
surrounding arca; water consumption for gas cooling and clinker quen-
ching may be very high; particle emission can scldom be controlled to

16



better than 99%, and even this is inadequate; large plants generate a very
high level of traffic.

13.7 Conclusions

In terms of both cost and environmental protection; sanitary landfiil and
composting emerge as the most suitable methods of solid wastes disposal
for developing countries. In the case of sanitary landfill, this conclusion is
the same as that reached by the great majority of cities in the industrialized
countries, Composting, however, has been rejected in most of Europe and
USA because of high production cost, due to high wages; high cost of
application on the farm, again due to high wages; but primarily because of
the ready availability, at acceptable cost, of artificial fertilizers of
guaranteed analysis. None of these factors apply at present in many of the
developing countrics. Thus, in most cases both sanitary landfill
and composting may be equally worthy of consideration. In the succeeding
chapters these two disposal methods are described in much greater detail.
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ADVANTAGES AND DISADVANTAGES OF
SANITARY ILANDFIILL

ADVANTAGES

1« Where land is available, a sanitary landfill is usually
the most economical method of s0lid waste disposal.

2+ The initial investment is low compared with other disposal
methods.

3. A sanitary landlill is a complete or [inal disposal method
ag compared to incineration and compostiing which require
additional treatment or disposal operations [lor residue,
quenching water, unurable materials, etec.

4, A sanitary landfill can be put into operation within a
short period of time.

5« A sanitary 1andfill can receive all types of solild wastes,
eliminaling the necessity of separate collections.

6., A sanitary 1landfill is flexible; increaced quantities of
s0lid wastes can be disposed of with 1little additional
personnel and equipment.

7. Submarpginal land may be reclpimed for use as parking lots,

playgrounds, golf courses, airports, etc.

DISADVANTAGES

1. In bhighly populated areas, suitable land may not be

available within economical hauling distance.

2+ DProper sanitary landfill standards must be adhered to

. daily or the operation may result in an open dump.

%. Sanitary landfills located in residential areas can

result in extreme public oprpositiocon.

he A completed landfill will settle and require periodic

maintenance.

5. Special desipgnh and construction must be utilized for buildings
constructed on ceompleted landfill because of the settlement

faclor.

6. Mcthane, an cxplosive pgas, and the other pgases producead
from the decomposition of the -wastes may become a hazard
or nuisance problem and interfere with the use of the

completed landfill,
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7. SANITARY LANDFILL SITE SELECTION

SELECTTION OF THE SITE

-IS THE KEY TO THE SUCCEGS S -

URBANISTIC
ECONOMIC BASES

SANITARY

THE SELECTION OF THE SITE IS AS MUCH OR MORE

Pl
ATTENT IOH IMPORTANT FOR SMALL CITIES !1!!
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SELECTION O F THE SITE

URBANISTIC BASES:

—— MAKE COMPATIBLE WITH THE URBAN DEVELOPMENT

— COMPATIBILITY WITH LAND USE PLAN
— FUTURE USE COMPATIBLE WITH THE URBANIZATION
— DIRECTION OI' URBANIZATION TOWARDS THE SITE

EXISTING OR PLANED PAVED ROADS

1

—— MAKE COMPATIBLE WITH OTHER URBAN SYSTEMS

-~ THERE SHOULD BE NO POSSIBILITY OF POLLUTING DRINKING
WATERS

~ AVAILABILITY OF ELECTRICITY AND TELEPHONE SERVICE
- AVAILABILITY OF' SEWAGE SERVICE

20



SELECTTION or THE SITE

ECONOMIC BASES:

—— INTERNAL ECONOMY OF THE SANITARY LANDFILL
- AVAILABILITY OF COVER MATERIAL IN THE SITE OR IN ITS
VICINITY
—~ LIFE QF THE SITE COMPATIBLE WITH THE INFRASTRUCTURE

=— GLOBAL ECONOMY OF THE SOLID WASTES MANAGEMENT SYSTEM
~ RAPID AND SECURE ACCESS T'OR THE VEHICLES

—— COST OF' THE LAND
- COST OF ACQUISITION OR COST OI" RENTING

~—— RESULTING SOCIAL COSTS AND BENEFITS
- UP-VALUATION OR DEVALUATION OF THE VICINITIES
- COST/ﬁENEFIT DURING THE WORK AND WITH THE UTILIZATION
OF LANDFILLED AREA
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SELECTTION oFr T HE SIT®E

SANITARY BASES:

CLIMATIC CONDITIONS

-~ PLUVIAL PRECIPITATION
~ EVAPORATION
~ DOMINANT WIND

SOIL
~ CHARACTERIZATION AND CIASSIFICATION
~ PROBABLE PERMIABILITY '
- GROUND WATER LEVEL

SUPERFICIAL WATERCOURSES
- PLOYW DIRECTION
- WATER USE AND REQUIRED WATER QUALITY

TOPOGRAPHY

~ AVAILABILITY OF COVER MATERIAL
- CAPACITY AND LITE

2



8. SANITARY LANDFILIL DESIGN PRINCIPLES

SLE Designers should always aslk
themselves the following UtThree basic
questions which will make 1t possible
Lfor Threm rTo woxrlc oul operationable
desighs: -

1) How to give refusc collection trucks reliable access to the working
face throughout the life of SLI' 7

2) How to get support for refuse compaction throughout the life of SLF ?

3) liow to get cover material at rcasonable cost throughout the life of
SLF 7

ADDITIONAL CONSIDERATIONS

ottt e e e bbby e 4 i 4y ot 7

1) Water management (Drainage, leachate collection and treatment)
2) landfill gas management

3) Structural stability

4) Laﬁdscaping

5) Special arcas for bad weather period and/or special wastes

6) Final land use of finished SLI
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IMPORTANYT' FACTORS THAT MUST BE CONSIDERED IN
THE DESIGN AND OPERATION OF SANITARY LANDFILLS

Factor

Remarks

Design
Accoss

Ce!l design and construction

Cover material

Drainage
Equipment requiremaonts
Fire prevention

Groundwater protection

Land areca

Landfilling method
Litter control

Operation plan

Sproad and compaction
Unloading area

Operalion

Communications

Days and hours of aporation
Employec facilities
E‘quipmont malntonance

Opcorational records
Saivago

Scalos

Pavod all-woathar access roads to landlill site; lemporary roads
to unloading areas. \ '

Will vary depending on whether gas is 1o be recovered; each
day's wastes should form one cell; maximum depth ‘of 10 {i;
cover at end of day with 6 in of carth; gravel gas vent should be
installed every 60 o 200 ft. .

Maximize usc of onsile earth materials; approximately 1 yd? of
cover material will boe required for every 4 to 6 yd* of solid
wastes: mix with sealants to control surface infiltration.

Install drainage dilches to divert surface water runoli; maintain 1
lo 2 percent grade on finished fill to prevent ponding.

Vary with size of landlill (see Table 10-15).

Waler onsite; il nonpotable, outlets must be marked clearly,
proper cell separation prevents continuous burn-through if com-
buslion occurs.

Divert any underground springs; if required, install soalants fer
leachate control; install wells for gas and groundwater monitor-
ing.

Aroa should bo large enough to hold all community wastes for a
minimum of 1 yr bul preferably 5 to 10 yr.

Solaction of mothod witl vary with terrain and available cover.
Use movablo fences at unloading areas; crews should pick up
litter at least once per month or as required.

With or withoul the codisposal of treatment plant sludges and
the recovary ol gas.

Spread and compact waste in layors less than 2 ft thick.

Keop small, generally undar 100 {t on a sideo; operale separate
unloading aroas for automobiles and commaerclal trucks.

Telephono for amergencios.

Usual practice Is 5 to G days/wk and 8 to 10 hiday.

Rastrooms and drinking walor should be provided,

A covored shod should be provided for field malntonance of
aquipmant,

Tonnaga, transactions, and billing if a disposal foe is charged.
No scavenging; salvago should occur away from the unloading
araa; no salvago storage onsile.

Essontial for record kooping I colloction trucks delivor waslos;
capacity to 100,000 lb.
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9. EQUIPMENT SELECTION

EQUIPMENT

A wide variely of equipmenl is on
the market today irom which lo select
the proper iype and size needed for an
elficient operation. The size, the type,
and the amount of equipment required
at a sanitary landlill depend on the
size and melhod of operation and to
some degree on the experience and
prelerence of the designer and equip-
men!l operalors.

Types. The most common equipment
used on sanitary landiills is the crawler
or rubber-tired tractor. The Iractor can
be used with a dozer blade, trash
blade, or a [ront-end loader. A Iractor
is versatile and can normally perlorm
all the operations: spreading, com-
pacling, covering, lrenching, and even
hauling the cover material. The deci-
sion on whether to select a rubber-lired
or acrawier-type iraclor, and a dozer -
blade, irash blade, or [ront-end loader,
must be based on the condilions at
each individual site.

Other equipment used al sanilary
landlills are scrapers, compactors,
draglines, and graders. This lype oi
equipment is normally found only at
large sanitary landlills where special-
ized equipment increases the overall
elliciency.

Size. The size of the equipment is
dependent primarily on the size of the
operation. Small sanitary landlills for
communilies of 15,000 or fewer, or
sanilary landiills handling 46 ions of
solid wastes per day or less, can
operatie successiully with one tractor of
the 5- 1o 15-lon range.

Heavier equipmenti in the 15- lo
30-ion range or larger can handle more
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waste and achieve beller compaction.
Heavy equipment is recommended
for sanilary landlill siles serving more
than 15,000 people or handling more
than 46 lons per day. :

Amount. Sanitary landlills servicing
50,000 people or [ewer, or handling
about 135 tons ol solid wasles per day
or less, normally can manage well with
one piece of equipment, but provisions
must be made for standby equipment.
I is prelerable that a second piece ol
equipment be purchased and used {or
replacement during breakdown and
rouline mainienance periods of the
regular equipment. Arrangements can
normally be made, however, with
another public agency or private con-
cern lor the use or renlal ol replace-
ment equipment on short nolice in
case of a breakdown of the regular
equipment,

At large sanilary landiills serving
more than 100,000 people, or handling
more ithan 310 {ons of solid wastes per
day, more than one piece of equipment

* will be required. At these siles, special-

ized equipmenl can be utilized to
increase elliciency and minimize costs.
In Table 1 a general guide is given

for the selection of the type, size, and

~ amount ol equipment {or various sizes

ol sanilary landfills.

MULTIPURPOSE
BUCKET




STANDARD LANDFILL EQUIPMENT |‘ l

RUBBER—TIRED
TRACTOR
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SPECIALIZED EQUIPMENT
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FACILITIES

A small sanitary landlill operation
will usually require only a small build-
ing lor sloring hand tools, equipment
parts, elc., and a shelter with sanitary
lacililies [or the employees. A single
building may serve bolh purposes.

A large sanitary landlill operation
should have a maintenance and
slorage garage lor equipment and an
administration building. Il the scales
are nol adjacent lo the administration
DRAGLINE building, a scale house may also be
necded. Sanitary lacililies should be
available [or both employees and the
public. In addition, it is recommended
that locker rooms and showers be
provided for the employees.

Table 1. AVERAGE EQUIPMENT REQUIREMENTS

s Equipmant
Populalion Daily tonnago No, Type S(:chln s Accossory .W:
0 1o 15,000 0to 4G 1 Tractor crawlor or 10,000 to 30,000 { Dozer blado
rubbor-lired Landlill blado
Fronl-end loader
{1~ 10 2yd}
15,000 to 50,000 46 to 1535 1 Tractor crawlor or 30,000 to 60,000 | Dozer bladoe
rubber-tired Landiill blado
Front-and loador
{2« {0 1-yd}
Muitipurpgso buckot
* Scrapor
Dragline
Walor truck
50,000 {o 100,000] 15010 310 1to2 |Traclor crawlor or 30,000 Dozor blade
. rubbor-Yrod ‘ or morg Land{ll} blade
Frani-ond ioadar
{2- to 5-yd}
Multipurposo bucket
' Scrapor
Draglino
Waler truck )
100,000 310 2 Tracler crawlor or 45,000 Dozer blado
or moro or more or moro | rubbor-tired or moro Landlill blado
. Front-and loader
Mulllpurposo bucket
* Seraper
Dragiino
Stoel-wiool compactor
Road grador
Waler truck

* Optlonnl. Dupuﬁdcn! on Indlividual need,
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10. EQUIPMENT CARE AND MATNTENANCE

Olten we only secc extra work when we think of cquipment maintenance.
Dul proper maintenance can prevenk costly delays and repairs, make
your job safcr, and is the most important insurance for successful
opcralion of a sanitary landfill,

PROPER MAINTENANCE PREVENTS EXTRA WORK

B A,
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Your rig is an important and expensive machine. Without it, the land-
{ill would become a dump--and complaints weuld soon roll in from the
public.

Il maintenance is neglected the machine will not do its best worlk, and
you, the operator, will have to de extra-work. On some landfills, all
maintenance is done by others. IEven so, you should have a basic
knowledge ol maintcnance requirements,

Taking carc ol your cquipment will help:

I, Reduce accidents
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2. 'Reducc coslts by preventing breakdowns
3, Make your equipment last longer
4, Improve public rclations

MAINTENANCLE PROBLEMS

Heavy equipment working in carth always nceds regular maintenance.
The severe working conditions at a sanitary land(ill are especially hard
on the equipment, thus proper maintenance is cven more important.
The waste can alfcct both track and wheeled rigs:

by ot
! 2 ‘;?;:' o

'?3'5:;“5"“ o by Tires

. Cutting or puncturc by sharp
objects

. Conlact with corrosive liquids

Tracks

. Wrapping with wire, stcel
strapping or similar material

o Jamming with brush and
debris

. Grouscr wear [rom slippapge
on wasle
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Air [ilter

. Cloggi'ug with dust

Radiator

. Clogging with dust, paper,
plastic film, and debris

. Puncturcs

. Overheating of coalant

Undercarriage :
., Damage by bulky wastes

. Excessive wear

TSR

£;_ L .:l
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PR R ; Fa
P A M TS R Y hi-a.l.n.m
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Bearinpgs and sprackets

. Excessive wear

Y ‘r?_ L4
PN Ny

i,
Fipes/

Accessories can help protect most equipment parts [rom damage.
These include stecl-guarded tires, guards for the sides and under-
carriage of dozers and loaders, and screens [or the radiator,

What Do You Know? {Rcad cach of the following statements, Mark
them true or falsc and compare your answers
with the correclt ones shown below),

1. The saying ""an ounce of prevention is worth a pound of
cure" summarizes the importance of maintenance.

2, Equipment operating problems on sanitary landl[ills are
more scvere than on many other construction projects.

3. Accessorics do nol help lo protect equipment [rom damage,

Answers: @51 ‘¢ onil "7 anal T

PREVENTION OF PROBLEMS

As the operator, you should know three aspects of proper cquipment
care:

[
.

Cleanup and shutdown
. Gheckout
3. Record kecping

[\
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Cleanup and Shutdown

At the end of the day, after all waste has been coverced by soil and no
litter is visible, follow a proper shutdown procedure for the landfill

cquipment. In addition to the manulacturer's recommendations, you
should;

1, Fill the fuel tank to prevent condensation

2. Clean debris out of tracks and off the cquipment

3. Ground the blade, bucket, and other accessories

4. Sct all brakes and transmission locks

5. Lock up the instrument panel if equipment has this protection
6. Guard against vandalism. Lock vehicles inside shelters

CLEANUP AND SHUTDOWN

a
\\\‘

TR \X\\\\\\\\\\\

Checkout

A walk-around inspcction is needed to spot any damage or sign of prob-
lems and to preparc the cquipment for usc on the [ollowing morning, Onc
problem cncountcred in northern climates is crawler tracks {rozcn to
ground which can lead to stripped gears when vechicle is moved., This can
be prevented by placing boards under tracks or simply parking vehicles
overnight inside a shelter,
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Check out the [ollowing items belore leaving f[or the day:

1, Checlk tires, sidewalls, and tread [or breaks and cuts
2. Clean radiator and air clcancr screens

3, Check all hydraulic [luid levels

4. Check undercarriage for damage

5, Cheek erankcase and Lransmission oil levels

6. Check level of coolant in radiator {alter cooldown)

7. Check for worn hoses and belts

A written checklist containing these items helps to make sure you don't
miss somcthing. Be particularly carcful in lubrication and greasing.
Follow the manuflacturer's puide to make sure you don't miss any

grecasc points.

CHECKOUT

Record Keeping

ORI,
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The operator can be sure his rig has reccived proper maintcnance if he

keeps carelul records on:

1, Lubrication perflormed

2, 0il additions and changes
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S

. Tilter changes

. Fuel usage
Repairs

. Operating hours

Gy od W

Take a recading of the equipment hour meter when oil and f{ilter changes
are made. Increasing use of fuel and oil can warn of possible break-
downs, Records can also be used to determine operating costs of
cquipment. This leads to better planning of the landfill operating bud-
get.

EQUIPMENT CIHECKS =
SATFETY 4 LESS MAINTENANCE

What Do You Know? (Recad cach of the following statements. Mark
them truc or falsc and comparc your answers
with the correct oncs shown below),

1.  Equipment should be carclully checked belore leaving for
the day.

2. Records have little practical valuc and usually arc kept
only to malke the bess happy.

3. All waste should be covered before shutting down the
cquipment and closing the landfill.

Answers: aniy, "¢ oasreq °‘z ouilg, I
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11. CONTROL OF SANITARY LANDFILI.

1161 Control of sanitary landfill should be carried

out on the following four (4) aspects :

Operation
Construction
- Cost

Bnvironmental Pollution

The control process should be carried out through

the following TIour (4) steps :

Data collection

]

Data processing and report making

]

Informotion analysis and evaluation

]

Action {preventive and/or correclive measures)

OPERATIONAL CONTROIL

11.2 For the purpose of operational contreol, the

following duta should be collected and analyzed :

~ Inflow of materials (solid waste and cover
material)
transportor, origin, quality (type of wastes),

quantity, time etc.

- Flow of vehicles and visitors at the.landfill
gate

- Workers time record

- Equipment time record (working time and idle

time)
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- Maintenance works carried out for each

equipment

- Extraordinary happenings

Appropriate data collection forms should be

developed and used tc collect the above mentioned data.

CONTROLS OF SLF CONSTRUCTION

1143 The progress of SLF construction should be
checked periodically refering to the original desipgn. For
this purpose, the reference levels established at the time
of topographic¢c survey can be used. The surfoce of the.
filled area should be surveyed periodically (every six
months, for example) and the devimtion from the original
design should be detected, evaluated and corrected if

necessary.

CONTROLS OF COSTS

1144 Analysis of SLF costs should be carried out in
the central office using various informations acquired at

SLF. This analysis can be done using the following pguideline:
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Guideline lor the Analysis of SLF Costs

(When the unit cost is higher than the pre-established level,
the factcrs shown in this table should be analyzed.)

Cost ILtem (C) Unit Factors for Anamlysis
Manpower i/ton of waste. Efficiency

Extra hours

Total hours

Cover §/ton of waste Type and origin of
Materinl cover material

Cost of cover material

Equipment #/ton of waste Type of equipment

Eflficiency ol equipment

Indirect Costs §i/ton of waste Quantity of received waste

Unloreseen costs

1.5 Usually the final disposal of municipal snlid wastes
in sanitery landfills needs [rom 5 to 10%¥ of the total cost of
public cleansing services. If this figure is applied, 5 - 10
M8/ton is necessary to carry out sanitary landfill in Malaysia.
This cost depends very much on the size of OSLF, availability

of on-site cover material and the life of SLF.

CONTROI, OF EMVIRONMEMNTAL POLLUTION

11.6 Monitoring of groundwater and surface water pollution
should be carried out monthly at the first stuge. lowever,
monitoring frequency ceon be reduced lgter after confirming

that no pollution is csused by SLF. thpling of proundwater
should be dome in both upstream and downstream with different
distances from SLF until 200m. This sampling should be carried
out before, during and ofter the construction of 5LF. Parameters

to be analyzed should be the ones required by NROE.



11.7 Monitoring of influent and effluent of leachate
treatment facility should be done more frequently (daily,

for example) to check the conformity with effluent standard.

11.8 It will be convenient to measure the pluvial
precipitation in SLF and the amount of leachate produced.
The correlution observed in these two factors will be

useful for future SLT' design in Maluysia.

119 Effective gas emission by landfill pgas vents
should be confirmed at least in areas where building projects

are foreseen,



12. PUBLIC OR PRIVATE OWNERSHIP AND

OPERATION OF PROCESSING FACILITIES.

In planning for new solid waste processing
facilities, whether they are shredders, balers,
or resource recovery plants, communitics will
be considering not only which types of facili-
ties to choose but who should own and oper-
ate them.

ALTERNATIVES

The instilulional allernatives available
range from tolally public to Lotally private
ownership and operalion with variations in
between.

* Public Ownership and Operation. A
publicly owned and operated facility ean
be operaled cither by an established city
department or by a public authority
which is financially self-supporting and
administered separately from other
agencies of city government.

o Pyblie Ownership and Privaie Opecre-
tion. A publicly owned facility could
be operated privately either by the sys-
tem contractor who built the facility for
the city, or by an independent setrvice
contractor who hnd nolhing to do with
plant design or construclion.

* Private Ownership and Public Opera-

tion. This is a rarc option but ean take
place under what financiers eall a lover-
aged lease, Therein the cily could lease
a plant from investors who help the
city finance Lthe facility in exchange for
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formal ownership of it and the tax ad-
vantages such ownership brings (sce
chapter on Capital Finaneing).

* Private Ownership and Privale Opera-
tion. TUnder this approach a system
contractor has full responsibility for
financing, design, implementation, con-
tinued operation, and ownership of the
{acility. In reality, this Lull-service con-
tractor is offering Lthe city a service in-
slead of a facility. He will usually charge
the cilty a dump fee for delivered solid
waste.

ADVANTAGES AND DISADVANTAGES

While solid wasle processing may be car-
ried out by cither the publie or private see-
tor, it is the responsibility of the government
{usually at the loeal level) te ensure that
needed facilities are available, that they are
environmentally acceptable, and that future
needs are planned for. As processing techs
nologies become more sophisticated, cities
must take into eonsideralion such things as
technological risk and the degree of manaye-
ment expertise requived for a given project,
as well as availability and cost of eapital,
Cities must examine these factors in deeiding
whether to own and operate their own fa-
cilities or have a private firm provide these
services. The following discussion presents
the advantages and disadvantages to a cily



of involving private firms in waste process-
ing.

One advantage associated with private
ownership and operalion is that the local
community does nol have to finance the sys-
tem. This is important if the city’s borrow-
ing power is limited. The involvement of a
private firm also cnsures that a community
does not bear the cntire wisk associated
with implementing new kinds of technology.
A cerlain degree of visk to the cily will al-
ways be present, however, since impiement-
ing a particular process, through private or
public means, usually implics forgoing some
other approach. Thus, if a system owned and
operated by a private firm fails, the city
may not lose any wmoney directly bul may
find itself in a position of not having ade-
quate disposal facilitics,

A polential advanbage of privale operation
lics in the fact that there are privale firms
which have greater expertise in manzgement
of capilal-intensive processing facilities than
mosl public agencies. Also, private manage-
ment tends to be more adaptable Lo the needs
of new systems. In some cities, the operation
of such facilities by public employces has
been unsatisfactory for n number of reasons,
including: union and civil service rules and
pray scales Lhalt make it dillicult Lo hire and
promote only motivated and competent em-
ployces, the city's lack of necessary technical
and marketing sophistication, and the lack
of profit incentives to run an cfticient opera-
tion. Also, restricted budgetary policies often
affect equipment vepliucement and mainte-
nance,

The primary disadvantage of privale
ownership and operalion is the limiled con-
irol Lhe cily has over the facility. There is
the danger Lthal privile interests may pursue
profits in lieu of service, and that subsl(and-
ard disposal practices or possible plant shut-
downs may result,

Oritern CONSIDERATIONS

Conditions favoring public ownership and
operation would include:

s« An cconomic study shows this to be
more cost-effective,

* The creation of public jobs is desirable.

* Implementation may be casier because
governinent ownership fits in with cxist-
ing policy.

¢ Government employces are available for
operating the facility.

Conditions favoring private ownership and
operation would include:

* Commercial markets arce availabie for
recovered products,

® Private financing is preferred and can
be obtained more cflicientiy.

« An cconomic study shows it to be the
most cost-ceflective,

* Local policy favors private operation.

, » A proprictary technology is involved.

* There is a desire lo bypass civil serv-
ice regulations.

* The operation requires people with ex-
perience in that particular type of fa-
cility.

CoNCLUSIONS

It is the responsibility of the public scetor
lo ensure that needed processing facilitics
are provided and are operaled in an environ-
mentally acceptable manner, whether or not
they are actually owned and operated by a
unit of government. In deciding between pri-
vate and public operation and owucrship of
a given Tacility, & cily must evaluate factors
such ns ability to raise capital, the degree of
technological risk involved, Lhe management
experbise required, and the expeeled oper-
ating cost,

Binrlograrny

Practical puidelines for nequisition of resource recovery systems., Bedford,
Mass,, MITRE Corperation, Mar. 1975, 148 p., app, (Unpublished

report.)

SmiLersy, A. MHescurce recovery implemenlation; an inlerim report, Environ-
meutal Protection Publicalion SW-162. Washington, U.S. Environ.
mental Protection Agency, 19756, (In preparation.}
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13. COSTS

The cost ol a sanitary landlill consists
ol the initial investment lor land,
equipment, and conslruction {ealures,
and the operating cosls.

Inilial Investment. The magnitude
of the initial investment depends on the
size and sophislication of the landlill.
A typical breakdown of the major ilems
that normally conslitule the initial
investment is as [ollows: )

1. Land

2. Planning and designing
a. Consultant
b. Solid wasies survey
c. Sile investigation
d. Design, plans, specilications
3. Site development
a. Land development— clearing,
landscaping, drainage lea-
tures, elc.
b. Access roads
c. Ulilities— waler, electricity,
telephone
d. Fencing, signs
4. Facililies
a. Administration
b. Equipment maintenance
c. Sanitation
d. Weight scales

5. Equipmenl— tractor, scraper, efc.

Generally, the major porlion of the
initial invesimenl is [or the purchase ol
the land and equipment. Olten a
sizable part of the initial investment for
land and equipment can be recovered
through the development or use of the
land and the salvage value of the
equipment.

Il lunds are nol available [or the
proposed investment, consideration
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should be given to leasing land or
equipment, or both, to spread the cost
over the life of operation.

Operating Cost. The operating cost
ol a sanitary landfill depends on the
cost of labor and equipment, the
method ol operation, and the elliciency
ol the operalion. The principal items
in operaling cost are:

1. Personnel
2. Equipment
a. Operating expenses— gdas,
oil, elc. _
b. Maintenance and repair
c. Rental, deprecialion, or
amorlizalion
3. Cover malerial— malerial
and haul costs
4. Adminisiration and overhead

5. Miscellaneous lools, utililies,
insurance, maintenance lo roads,
[ences, lacililies, drainage
[ealures, elc.

Wages ordinarily make up about 40

1o 50 percent of the lolal operating cosl.
Equipment equals 30 to 40 percent;
cover material, adminisiration, over-
head, and miscellaneous amount to
aboul 20 percent.

The operating cosls per lon versus
the amount ol solid wasles handled in
tons and the population equivalent
may be charted {Figure 4).

The operating cosl of a small opera-
tion handling less than 50,000 tons per
year varies from $1.25 to approximately
$5.00 per ton. This wide range is
primarily due to the low elliciency of
the smaller operations which are
usually operated on a part-time basis.

Fu'l-time personnel, [ull-time use ol
equipment, specialized equipment,



beller managemenl, and other {actors
that lead to high elliciency are possible
at large sanilary landifill operalions.
The increased elficiency results in
lower unit cost of disposal. The unit cost
ol a large landlill handling more than
50,000 tons per year will generally

fall between $0.75 to $2.00 per ton.

To compare the irue cost of sanitary
landlilling with that of incineration or
composting, it is essential that the cosis
and relurns ol the initial invesiments
and the hauling cosis be considered
along with the {olal disposal costs
including the disposal of incinerator

residue and noncompostable materials.
The hauling cosis of a colleclion sysiem
that uses the sanitary landfill disposal
method may be higher than the haul-
ing cosls of a system using incineration
or composling, since sanilary landlills
are generally located farther from -

the wasle-generaling area than are
incineralors or composi planis. A sani-
tary landlill, however, may increase
the value of a plot of unusable land by
converling the sile lo a playground,
golf course, park. .. ., thereby oblain-
ing a major investment cost advantage
over incineration and composting.

FIGURE 4. SANITARY LANDFILL OPERATING COSTS
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' Based an 6-day work week.

? Based on national average of 4.5 lbs per person per calendar day.
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14. MODEIL CODE OF PRACTICE

With a master plan for disposal sites, a plan of operation and a detailed
schedule of operation practice, a fairly cffective model code of practice
could be laid down.

A. MASTER PLAN FOR WASTES DISPOSAL SITES

1. The solid wastes management agency should identify:

— Sources of solid wastes within its area,

— rates of wastes gencration,

~— constituent analyses and densities of wastes,

— projections for at least 10 years for populat;on growth, wastes
generation and characteristics,

and should make outline plans and comparative cost cstimates for viable
alternative disposal methods.

2. The land-use planning agency should review the arca within the city
boundary, and up to 10 km outside the boundary where necessary, and
identify sitcs, manmade or natural, which would be improved by
landfilling. The planning agency will cvaulate potential sites in terms of: -

— ultimate usc after filling; parks, playgrounds, sports grounds
agriculture, industry,

— the quality of environmental improvement which would result from
fillin :

— risk %Jf pollution transfer during filling,

— ccology of the area,

— social and economic factors,

and will submit selected sites to the water and river authorities.

3. The water supply and river authorities will evaluate potential sites in
relation to the hydrogeology and drainage of the area, and will reject sites
where underground source of water would be at risk. Where appropriate,
the water and rivers authority will define the measures that must be taken
to avoid pollution of surface water and to control the production of
Icachate. .

4. The solid wastes management, land-use planning, and water and river
authorities should maintain a continuing relationship with the aim of
cnsuring a 10-year rolling programme of landfill sites.

" B. PLAN OF OPERATION

'I. Site survey. Each sclected site should be surveyed and a plan .
prepared on a scale of about 1:2 500 showing:
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— water courses,

— 2 m contour lines,

— boundaries,

— buildings within 200 m of the area to be filled,
- approach routes,

~— prevailing wind direction.

2. Site protection plan. Detailed plans will be prepared for the
cxccution of (inter alia) the following cngineering works:

— diversion of surface drainage,
— culverts,

- — formation of bunds,

- — pumping out of static water.

3. Site operation plan. The site operation plan will designate:

- area to be filled,,

~— depth of fill and total volume,

— grading of final lcvels, ‘

~ depth and quality of “final covering material, in reiation to the
ultimate use of the site,

—— any necessary :mpfcvement of cxternal roads,

— location and specifications_for internal roads,

— where appropriate, a specification for fcncmg and gates,

— the design of the control area and facilitics which may include:
office, welfarc, garage, stores, sitc designation and information
board,

~ soil stripping programme and stockpile areas,

~— sources of covering materials, internal and 1mportcd

- filling programme in precise terms such as numbered strips and
direction of filling for cach layer,

~ fire control measures,

-— rodent control measures,

-~ use of insecticides,

~ designation of reserved area near entrance for deposit of wastes
during emergencies. :

C. OPERATING PRACTICE

1. Unloading wastes. Wastes should be delivered in tipping vehicles and
they should unload only at a decfined “working face”. For manual
operation the unloading point should be immediately over the working
face or within 2 metres; during mechanized operation an unloading area up
to 15 metres back from the face is necessary to permit a bulldozer to
opcrate, '

2. Approach to the working face The approach to the working face
should be made safe for vehicles by covering the necessary areca with steel
sheets, old railway sleepers, or a sufficient thickness of ‘““hardcore™, unless
the character of the wastes is such that they can support a vehicle without

1.
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thesec measures. The width of a prepared approach should be single or
multiplc track according to the frequency of traffic movements.

3. Formation of wastes. Wastes unloaded at the working face should be
formed into a continous cmbankment 2 metres high after initial compac-
tion, and having a width of approximatcly 6 metres per vechicle when more
than one vehicle has to unload at the same time. The side slopes (or flanks) -
of the strip being filled should be 45° for manual operation or 30°, or less Lo
the horizontal, for mechanized operation.

4. Covering of formed wastes. The top surface and the flank(s) of thc
strip being formed should be covered progressively with a layer of soil or
other suitable scaling matcrial not less than 20 cm thick. This should be
.beaten flat and smooth if applicd manually, or consolidated by repcated
traverses if a machine is uscd. At the end of every working day, covering
should be complcted on the top and flank(s) of the fill. At intcrvals, which
may be daily, or not less frequent than weckly, the forward slope of the
working facc is (o be formed and covered in the same manner as described
for the flanks, in order to achicve a cellular construction.

3. Deep sites. If the required total depth of fill exceeds two metres, then,
the site will be filied in muitiple layers, and to facilitate natural scttlement
and the dispersal of pases, a long interval, ncver less than threc months,
should be ailowed to clapse before onc iayer of wastes is covered by
another.

6. Hollow articles. Articles such as large hollow containers should be
crushed by being placed in the path of a tracked machinge, or should be put
at the toc of the working face in an upright position and filled with other
wastes. This is to minimize the crcation of voids within the fill, which
would icad to uncven sctticment. '

7. Offensive wastes. Any load which consists mainly of fish wastcs,
abattoir wastcs, carcasses of animals or medical wastes*, should be
deposited at the lower level, immediately in centre front of the advancing
face, and should bc covered with other wastes so that no part of the
offensive wastes is within one metre of the top surface of the hill, and is not
less than two mctres from a flank.

8. Litter control. Portablc wirc mesh s¢reens should be prcclcd in an arc
of sufficicnt length to trap airborne litter blown' from the working facc.

9. Manning levels. Adcquate staff should be provided to cnsurc
compliance with all requirements of this code. For manual formation of the

*Hospitals and clinics should be cquipped with properly designed incinerators for the
trcatment of pathological wastes, and sanitary landlill should not be regarded as a normally
acceptable disposal method for such wastes, In the abscnce of proper [acilitics the above
mcthod may be uscd provided that the wastes are delivercd to the site in impermeabic
disposablc packages which arc not opencd. Hypodermic syringes should always be broken
before being discarded. ‘
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fill, and the spreading of covering material delivered to the working arca,
not less than two labourers for the first 10 tons/day and one labourer for each
- further increment of 10 tons/day are necessary. Additional staff must be
provided to keep the whole of the site clean, including the removal of litter
from screens and the daily removal from the surface of all hollow articles
such as cans and motor tyres which may have been dropped accidentally.
Further staff arc needed for traffic control, inspection for rodents, etc.

10. Welfare facilities. Staff required to stand in wastes should be
supplied with protective clothing: boots, gloves and overalls, for which
suitable laundry arrangements should be made. Washing and toilet
facilitics should be maintained in a clean condition.

11. Salvage. Only organized and controlled salvaging should be
permitted and must be confined to the sloping forward surface of the
working face. Portable containers are to be provided to contain salvage
which has been picked out of the wastes, and full containers shouid be
immediately transfcrred to an enclosed store or to -a vehicle.

12. Fire. No fires are to be started deliberately. An emergency supply of
water should be available and staff must be trained in fire control.

13. Dust control. When nccessary, dusty roads will be sprayed with
water or an alternative trcatment, such as the application of uscd cngine
oil, will be adopted.

14, Vector control. A daily inspection will be made and the location of
rodent burrows or insect infestations will be recorded and appropriate
control measures taken. Salvage stored on a site for periods exceeding two
days will be sprayed with insecticide daily.

15, Progressive cultivation. As soon as a convenient arca has been raised -
to the final level and covered with topsoil, it will be brought into cultivation
by sowing grass or another suitable crop, in order to prevent the
establishment of weeds, and also to preserve the visual amenities of the
area,
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ACTION PLAN FOR THE IMPROVEMENT

F FINAL DISPOSAL

r—

Date :

Name of Local Authority:

Name of Study Team Members:

1. oObjectives
2. Brief Description of Present Final Disposal System

.  Number, name, location, distance from town centre, size,
remaining life and ownership of landfill sites.

Condition of access rcad
. Availability of cover material

~ on-gite

-~ off-site (How far is it? How much does it cost?)
. Type, number and condition of equipment
. Perscnnel

. Basic infrastructures {fence, gate, weighbridge, drains,
ete.)

Eﬁistence of open burning, animal feeding and scavenging
. Population served
. Eétimated amcocunt of disposed waste {t/day)
. Use of contractors for landfilling operation
. Complaints from nearby residents

. Water and air pollution cases recorded by DOE



User charge
. Recording system
. Estimated cost
- capital cost (land, equipment, infrastructure)

~ -operation and maintenance cost (wage, supplies,
cover material, overhead, etc.)

. Overall evaluation of final disposal systenm
~ sanitary landfill
~ controlled tipping
- open dumping

3. Preliminary Identification of Problems in Present Final
Disposal System.

Examples :
. Very short remaining life of actual landfill site.

. Difficulty to get future sites within reasonable
distance.

. Lack of town planning with due consideration on the
siting of future final disposal facilities.

. Lack of cover material/High cost of cover material.
. Fregquent breakdown of egquipment.

. Lack of trained operators.

. Lack of the design prepared by professionals.

. Encroaching residential areas.

. Lack of contreoel on the inflow of industrial solid
. wastes.

. Poorly designed contracts and/or poor supervision on
private contractors. :

. Difficulty to convince decision makers of the
necessity of assigning more resources to final
disposal.

. Long distance and/or bad access Lo landfills.

Environmental pollutions.



4.

5.

. Complaints from nearby residents.

. High cost of final disposal.

Possible Measures to Overcome Identified Problems.

Note : All possible measures should be 1l1listed up
through a ‘“"brain-storming session" by study
team members, Both the improvement effect and
the implementability of each measure should be
evaluated and the result of the evaluation
shall be classified as follows :

Improvement effect : Large, Medium, Small
Imprementability : High, Medium, Low

Preliminary Identification of First Priority Project.
Project A : Improvement of Existing Landfills
Project B : Preparation for New Landfills

Note

.

Both projects are considered to be equally
important. Therefore action plans should be
prepared for both projects and at least one of
the action plan should be completed during the
Workshop.

Action Plan

6.1 Action Plan  (combination of measures with large
improvement effect and high implementability).

6.2 Necessary Resources

. Existing resources
Additional resources

5.3 Implementation Schedule

Expected Benefits of Action Plan Implementation



EXTRA WORK

Each study team is required to prepare its own strategies
and tactics to convince its boss, colleagues and workers of the
necessity, possibility and benefits to implement the Action Plan.

Your Plan to Convince Boss, Cglleaques and Workers :
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A GUIDE TO GROUP DYNAMICS

Workshop on ke Sanitary Landfilling of
Murpicimal Soldid Waslboes, 1-6 August 1988

Frobblem-salving and Ehe KJ Melhod

L Lheir warks  of  munlcipal  solid waste meragemnenl
paptbicipants  may Tace wibth o variely of prololoms. L Ehis
Gt Lyrnomien, sane ol Che problomns are zolecloed and shearec
oy I | IOt ol parbicipants as Eheit COmMmoN prolylem{s) .
Ao Lhe arounn, the seloected problem(s) should hoe solverd oy
eomplovinag o spoecltfis mrablem-solvimg Cechnicuee .,

Tlwere have boen peoposed @ numbor of methoolology Toir aclviryg
oty ons i1 wmyshaemal e way - The KJ Meliwodd, tradmed atior
reaf . SAMAKLTEA Jiro; aurrernt bty ob Chdbu Undvesrsiby, Japorn is
o o sanshy o ol em- solving Eecluidionans  wlaleh Irn widde Ly
el Loy e Sired ey pooplilae irn Jdapar adnone QC {ousd d by Connbkrol)

IO W TS ASEY st it PO e d cnaal et T Lhvin (NTRTR N RTIEMIN

peow D bty e exponbold | qs Lesis Lhoio meel voddo d any Ly
exerchsing an oa solecled Lypical piecollem Do e encoutnbzrod Dn
muarr e beard ot ied won b o mnmimtonuei i,

The basic  concepl af EBhis method (KJM) is  an inkoractive,
slhagewise Lntegratiaon ol all idess Ffor problew-solvirg, AT Y
Lo be preseiibecd and conibribubed systemoatically by all members

ST Lhe group In a series of dizcusslon seosions. Fach bil of
Rpvowloedge o ideas is Lo be wrikbten  down Doy Lhe
participating  wmember  ofn o plcecce oF special Labol sheel el
shared by all bhe wenbheirs. I praclice, Clae K3 procedurs

counnlabas of Tour soduerl izl ceaslaolis: irnbraduct ory, Bieairm—
stormiing, oeamizing, sl concluliing.

Thee KIM cioersn rest roedguire any sopbhisticatbted spocial bool such
acs a rargce compiber, insiead only needs & ety oF  delachuain e
Lodhe ) aheoebs  of Jifferent size, pens ancd  colour parkers,

clipa, rudsioer bands, ared o Large sheet of paper ol
prrosenbinag the senulb: all of bthe astabioncry are availoabioe ot
S e labively Dower aosl o annvwers 1 Bhe waire Lok I oededs L

TR e A Ll OAM, rrarLiclipamis must Tollow a coertase fortaal
Farecrcechnte ol de cleserdbed iy Be Followig.

"inbroduchory Scasion”

Iy his Senaioh Wwatoh usasaily bakes First 10 Lo 30 mimaben, o
e Lstally of severgl parbiciponlis will select o specitTic
"meobilom” ., arn which Bhe members will  ciaouss,  share,  and
search Tade [ 2Th salubion in d coaperabive LI TR TR TAI N e
Tollowimg Froar polnits must e clorciticd in this order before
Ll oo sroeceeds Bo e nexlh Session.



1) Gelk-acquaintance of All Members:

Members of the droup muslt kprnow each other well so  that
Lhey can Trecly discuss bhe problem in laker Sessions.
Introduce yoursaself Lo others briefly 1ln turn, giving vyour

haclkatrounds, Your specifTic inkerest(s) in YOour
profession, cte. Make a Tfriendly, cooperative, and

constructive abtmosphere of Lhe groun.
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Degignaltion of Lthe Work-leader:

Members of Lhe group will Tirst elect and name Lhe ‘work-
leader. The work-leader~ 1ls expected to lead the Sessions
by LCaking bthe initiative and encouraging Lhe members in
discussion and work. Members cooperalte wilkh Uthe work-
leader and support him or her in Cheir own capacity.

a) Submission of Problems Lo Be Discussed:

Each member will submilb a problem by writing down on @
prrepared label sheelk to be discussed. Make onc enkry on
cach label sheel. Be concise. Une line stalbement ot the
proplem descripbion Wwill sufftfice. For example, "How to
phase out the activities of scavengers in dumping sites”.

4) Determination of the Theme to Be Dlscussed:

Among: problems Cthat have .been proposed, seleck and
evernlbually pick up ohne, by discussing, that c¢an be
interesting Lo many and shared by all member:s. The theme
chioseri  nust be as practicoble as possible in  your
pProfession.

"Braln-storming Session

Purpose of this session is to produce as marny written
original labels as possible that will be informative on the
theme and helpTul in solving the problenm.

5) Colleckion of the Information:

The group will discuss the relevant informalbtion on  the
Lheme  and, if necessary, talke "some Lime for collecting
and making information materials (llterature and obher
sources) handy before Lthe discussion session.

&) Production of Origimal Labels:

The Lleader will conduct a brain-storming session on  the
theme among the group for a certain period of time, say,
one hour or Ltwo hours. During the session, each member,
imcluding the leadet, is expected to jolbL down his or her
icdeas, suggestions, elbec., each on a picce of label in an



explicit and legible manner, while participating in the
ori~going discussion. The leader Wwill try Lo urge every
member of the giroup bo speak oul and keep bhe discussion
bothlh stimulating and excitlng to all the group mnmembers.

In the course of dilscussion, members shall (=753
constructive and refrailn from criticizing okther’s ideas
or apinions. Near the end of Lhe first period of Eieme,

the leader will make sure Lhat the number of labels
produced per member will reach around 15 on average, and,
it nrmot, continue the scassiorn Tor anolbher additive period
of Lime until Lthe enough rnumber of original labels will
be sccumulated.

"Organizing 3es=ion”

Based on  the original labels obtoined i the previous
sessjions, Lhe resull of the discuszssions will be atganized ard
integratbed by following and repesting o specific procedure on
a large Lable in Bhis session.

7) Categorizabtion ang Classiticalbion of rigimol Loblez by
Deal ing:

The following proceduire will be taken to cotegorize ond
classifty Lhe original labels:

al The leader will ceollect all the labels and shuffle
and deal themn just like plaving cards. Each member
of the group will then carefully examine the content
of dealt labels ond accordingly artraonge LKhem in front
of him on the table, (This will take some btime).

b) Starting from the leader, a dealer will read loudly
arc place his Ffirst label at an appropriate position
in the center of the Lable, while ofher members, in
turn, will place theitr own labells) of similar or
related conbtent with the back side up at @ posilbion
close to it. Members without any label whose conkeont
is in Lhe same or simlilar cabeognry of Lhe dealer’s
will simply "pass’ their turn.

¢) The dealer will Lturn out the right side of cach
“attached” label, see how it is related to his own,
and  Jucge LT il belongs Lo the same cabtegory by
asking other members’ opinions.: IT he judges Uthat it

Loes ot belong Lo his, e has right Lo retursin il

d) In EHis way the dealers will collectk and slip the
labels wlith his own on the Lop. Uswually tinee Lo
Tive labels will e clipped alf mosk; nobt too many.



c¢) The dealer will continue this process from (b)Y ko (d)
from one label Lo another until Ehe last of his
labels. Naturally some of his labels will remain as

singles. A single label wilthoubt any abbtached labels
is called a "stray wolf" label ofbenrn showing a very
unigque 1dea or suggestion. Never disregard or

ciscared it.

) The process from (b) Lo (e) will be repeatecd wuntil
every member of the group will become a dealer-. Lt
practice, some of the members will yse up all his
labels by alktaching before they Lhemselves become .
cdesler.

8) Prreparation of Clipped Labels:

By this stage of worlk, the number of original labels of
aboul: 120 (assuming an eighlb-memnber  group) wlll e

reducecd to arounc 50 by carbegorization and
classiTicalbion. For eachh bunch of clijpped labels,
prepare o cover label and, on it, Jdot down in red (or in
colouwr being different from the original wrilting) a

statement summarizinmg the contents of all clipped labels.
ALl  Lthe clipped labels wilh Lhis summary label placed on
the top of trhem will be bundled with a rubber band and
Lhereatter treated just as a single label. Neecdless to
say, Lhe cover  summary label is not rnecessary fTor
originally single "wolr" lubels.

9) Further Integration of Labels:

The group wWill Lhen repeal Lhe processes of 7)) and  8)

untill reduction of labels by &a Turther stage of
integiration will become impractical. Uswtally a three

stage integration will be enough, which will take about
9} minubtes.

"Concluding and PFPresentaltion Session”

In Lhis Session, reviewing the organizakbion work so far, the
group will arvange @all the labels on a larde sheet of white
paper  according to a scenario bthat lead o a conclusion or
solution of the posed wroblem.

10) Bpatial Configuration of lLabaels:

On & larde sheel of white paper placed on the toble, the
grour Wwill arrange, by discussion, Firrsk Lhe bundles of
labels of laslt stage inteuration,’ carcelfully consicerling
Lhal evenlually all Lthe labels will be arranged on Lhe

Same paper. Then the group will proceed Lo arranging
labels of nexkt lower inbtegratlon. In this way, Lhe
aroup will contirwe Lhe work until every label wlll be
arranged properly  on thhe paper. Perhaps an agreed

scenario leading to a conclusion which might have been

.



11)

12)

Refoererice

Kawakitna,

tfigured oul by Lhen during the earlicer discussions will
be helpful Ffor this conflgurational work. ATker having
confirmed the right positiort of each lahel, the group
willl peecl off Lhe base and pastcec Lhe labels,

Preparatiom of an Illustrative Sheet:

The sheet of paper ol which every label is pasted will
be used for presentaltion of the result. TherefTore, some
artistic preparatory works on this sheel will be
necessary Tor this purposc:

a) The Lheme or problem sbtatement s clearly wribten in
large letters at the uppermost portion of the sheet,
Also a corresponding conclusion in Lhe next line.

) Using different colou~ markers, encirele Lthe labels
of same calkegory al different levels of integration.
(A set of labels chncircled is customarily called an
“island".) Many olther illusbtyative drawings and Lhe
Tollowing relaotional symbols may be inserted to make
Lhe whole sheel alblbractive Tor prescntation:

a close relatlion exisls belween labels or
islands.

> @ casual relation exists from one label to
another.

> arn lnteractive relation exists betweer
labels or islands.

p ¢ @ conbradictory relalbtion exists betwecon
labels or islands.

an equality has been identified between
Lhe statbtement of labels.

e it e et

c) In the lower right portion, ‘identifty the name of
A oup, hamnes or initials of members, working cdate
anc place for keeping the record.

FPresentation of the Group Woric:

bBefore pregenting  Lthe resull based on  Lthe preparcd

sheetlt, the group will select o speoaker or Lwo among

membors and possibly prepare a note for oral
presentation. Arrange @ special presentation meeting.

During presentation and the following Q’s and A’s, all

the members will assist the speaker.

J. = Hassouhou (Way ot Creative Thinking), Chuko HBooks
#1135, Chuo Koron Pub. Co., Tokyon, Jure 1967.

w



PROBDLEMS TO BE DISCUSSED
IN GROUP DYNAMICS SESSIONS

VYorkshop on the Sanitary Landfilling of
Municipal Solid Wastes, 1-6 August 1988

Group A : How to ensure the availability of future
SLF site?

Group B : What are the basis of a SLT and how to
ensure that they are incorporated in the
design, construction and operation?

Group C : How to improve the existing landfilling
operation?

Group D : How to use the weighbridge to improve
the productivity of refuse collection?



EXERCISE I

VISIT TOC THE PRESENT DUMPING SITE AND FUTURE
LANDFILL SITE OF THE DISTRICT COUNCIL OF KULIM

OBJECTIVE

The objective of this exercise is to give a practical tralnlng to
the participants of the Workshop on :

- How to didentify the points to be improved in the present
landfilling practice;

- How to work out corrective measures to overcome the identified
problems;

~ How to «carry out the site selection for future landfilling;
and

~ How to design the sanitary landfill.

INFORMATIONS

Each participant, or each group, has to collect all the necessary
informations through :

- Briefing by the Workshop organizer;

- Briefing by the staffs of the District Council of Kulim;
- Reports and drawings prepared by the Technical Section;
-~ Field visit.

DUTIES

1. Evaluate the characteristics of the present landfilling
practice on the following aspects :

a. Site selection

- Land use plan

- Distance from the town

- Access condition

-~ Wind direction

- So0il characteristics

- Cover material availability °
- Utility

- Life, etc.
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Design of periferal infrastructure

- Peripheral drainage system
- MAccess, etc.

Design of landfill infrastructure

- Internal access

- Special lot

- Internal drainage system
- Gas vent, etc.

Design of auxiliary constructions

- Gate

- Qffice

- Toilet

~ Weighbridge

— Workshop

= Depot

- Fence

- Notice bcard, etc.

Design for pollution control

- Leachate
- Landfill gas., etc.

Landscaping

Operational plan

— Excavation, transport and storage of cover material

- Sequence of cell construction,

Identify the problems of the present landfilling practice.

Examples :

Very short remaining life of actual landfill site.
Difficulty to get future sites within reasonable distances

Lack of town planning with due consideration on the siting

of future final disposal facilities.

Lack of cover material/High cost of cover material,

Frequent breakdown of equipment.

Lack of trained operators.



~ Lack of the design prepared by professionals.

~ Encroaching residential areas.

~ Lack of control on the inflow of industrial solid wastes.

~ Poorly designed contracts and/or poor supervision on
private contractors.

~ Difficulty to convince decision makers of the necessity
of assigning more resources to final disposal.

~ Long distance and/or bad access to landfills.

-~ Environmental pollutions.

- Complaints from nearby residents.

~ High cost of final disposal.

Propose corrective measures to overcome the identified
problems of the present landfill practice,

Evaluate the appropriateness, as the future site, of the
visited site £rom urbanistic, economic and environmental

points of view.

Evaluate the usefulness of a weighbridge for the efficient
and effective municipal solid waste management.



EXERCISE IT

VISIT TO THE PRESENT DUMPING SITE AND FUTURE LANDFILL
SITE OF THE MUNICIPAL COUNCIL OF SEBERANG PERAI

OBJECTIVE

The objective of this exercise is to give a practical training to
the participants of the Workshop on :

-~ How to identify the points to be improved in the present
landfilling practice;

- How to work out corrective measures to overcome the identified
problems;

- How to carry out the site selection for future landfilling;
and

- How to use a weighbridge for the efficient and effective
municipal solid waste management.

INFORMATIONS

Each participant, or each group, has to collect all the necessary
informations through :

- Briefing by the staffs of the Municipal Council of Seberang
Perai.

- Field visit.

DUTTES

l. Evaluate the characteristiecs of the present landfilling
practice on the following aspects :

a. Site selection

- . Land use plan

- Distance from the town

- Access condition

- Wind direction

-~ S0il characteristics

- Cover material availability
- Utility

- Life, etc.



Design of periferal infrastructure

~ Peripheral drainage system
- Access, etc.

Design of landfill infrastructure

— Internal access

- Special lot

-~ Internal drainage system
- Gas vent, ete.

Design of auxiliary constructions

- Gate

- Office

- Toilet

- Weighbridge

- Workshop

- Depot

- Fence

— Notice board, etc.

Design for pollution control

— Leachate
— Landfill gas, etc.

Landscaping

Operational plan

- Excavation, transport and storage of cover material.

- sSsequence of cell construction,

2. Identify the problems of the present landfilling practice.

Examples :

Very short remaining life of actual landfill site.

Difficulty to get future sites

distances.

within reasonable

Lack of town planning with due consideration on the siting

of future final disposal facilities.

Lack of cover material/High cost of cover material.

Freguent breakdown of egquipment.

Lack of trained operators.
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-~ Lack of the design prepared by preofessionals.
- Encroaching residential areas.
- Lack of contrel on the inflow of industrial solid wastes.

- Poorly designed contracts and/or poor supervision on
private contractors.

-~ Difficulty to convince decision makers of the necessity
of assigning more resources to final disposal.

- Long.distance and/or bad access to landfills.

~ Environmental polluticns.

- Complaints from nearby residents.

- High cost of final disposal.

Propose corrective measures to overcome the identified
problems of the present landfill practice.

Evaluate the characteristics of the future landfill site on
the aspects a - g shown in 1.

Tdentify the points to be improved in the design and
coperation of the future landfill site.
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1.

REPORT ON THE PROPOSED SANITARY LANDFILL
FOR MAJLIS DAERAH KULIM, KEDAH

INTRODUCTION

1.1 Kulim town is the largest urban centre within the administrative
area of the Majlis Daerah Kulim. The 1980 census shows that in 1980
Kulim Town had a total population of 27,067 residing in 5,604 dwelling
units. DPased on an estimated annual growth rate of 2.5%, Kulim is
estimated to have a Lotal population of about 30,000 in 1985.

1.2 Like many other similar towns in the region, agriculture and
other agro-based development have the greatest influence on the local
cconomy in Kulim., However, Kulim has also embarked on industrial

development with the setting up of the industrial estate near Kulim.

1.3 Accompanying the population growth and the industrial develop-

ment the solid wastes in Kulim, both Municipal and industrial, have increascc
over the yYears both interms of volume as well as complexity. As a

result, the Majlis Daerah Kulim, belng the local authorlty responsible for
the management of s50lid waste in that area and with limited man-power and
financial resources has been under tremendous pressure to cope with the

so0lid waste management problems.

1.4 At present, all solid wastes, both municipal and industrial, from
and around Kulim township are disposed of in the landfill at Junjong.
However, the existing landfill at Junjong will be filled up.'very 500N.

As such, the Majlis Daerah Kulim has been searching for other suitable
landfill sites for the disposal of municipal as well as industrial solid
wastes, In 1984 a piece of land about 3 km north of Kulim town on Lot 671
Mukim Kulim gituated along Sg. Kulim, was identified as a potential landfill
sike by Majlis Daerah Kulime It is also the intention of the Majlis

Dacrah Kulim to use part of Lot 671 as a trenching ground for the disposal

. of excreta from bucket latrines and sludge from individual septic tankse

1e5 In early 1985, Majlis Daerah Kulim requested the assistance of

the Tecchnical Branch of the Docal Government Division, Ministry of Housing
and Local Government to evaluatc the suitability of the proposed landfill
site and subscquently Lo recommend appropriate measures and actions to be

talken by the Majlis Daerah Kulim.
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146 In response to the request of Majlis Daerah Kulim, two Public
Health Engincers from the Technical Branch were sent to carry out a
preliminary study with the objective Lo -
(i) Evaluate the suitability of the proposed site to be used as
sanitar& landfill;
(ii) Recommend appropriate actions to be taken by Majlis Daerah

Kulim based on the findings of the preliminary studye

1.7 This report outlines the investigations carried out in the course
of the preliminary study, the findings of the study and the recommendations
and actions to be taken.

INVESTIGATIONS CARRIED OUT

241 Site inspections of the proposed landfill on Lot 671 Mukim Kulim

were carried oul by the two Public Health Engineers from the Technlcal Branct

to ascertain the topographical and geoleglcal characteristics of the
proposed site as well as to determine the landuse of the surrounding areas
and the bencfical uses of the surface and ground water which may be

affected by the operation of the proposed landfill.
242 Subsequently, discusslons were held with offlcers of the relevant
agencies in Kedah and Penang as well as Federal Agencles to gather

relevant informations and data which are needed in the study.

THE FINDINGS

3.1 Under the existing legislations, the Majlis Daerah Kulim is
responsible within its area of jurisdiction, for the collection, treatment
and disposal of Municipal and industrial solid wastes as well as the
collection, treatment and disposal of the excreta from bucket latrines and
sludge from septic tanks. Munlclpal wastes includes both domestic as

well as commercial solid wastes.

3.2 At present the municlpal wastes are collected by the employees of
the Majlis wlth four open trucks and one modern compaction vehlcle. Data

on the amount of municipal waste being collected per day was not available.
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However, based on an average percaplta generation rate of 0.6 kg/day, the
total amount of Munilcipal waste belng generated l1s estimated to be
approximately 18 tons per day. The Municipal wastes collected are disposed
of in the cxisting landfill at Junjong which is about 10 km away from Kulim

townshipe

3.3 According to the records given by the Majlis Daerah Kulim, at
preseni: there are a total of 23 factorles operating in the Kulim Industrial
estates A list of these factorles is glven in Appendlx I. There is a
complete lack of data on the industrial wastes being generaked from the:
Kulim Industrial Estate. However, judging +from the size and the number

of the factories located in the Kulim Industrial Estate, it is expected
that the total amount of industrial wastes generated could be substantlal.
Furthermore because of the nature of the various processes involved in

the operationz, the characterlstics of the industrial wastes being produced
is expected to he complex. The possibility of some hazardous industrial
wastes being generated cannot be ruled out unless a detailed study is

carrietl out and proved otherwlsc.

3.4 At present, the industrial wastes produced in Kulim Industrial
Estate are being collected elther by the owners themselves or by the
contractors employed by the owners and disposed of ' at the Junjong landfill
together with the Municipal wastes. There 1s no control or supervision on

the disposal of solid wastes at the Junjong site.

3.5 At present therc are 642 bucket latrines and 2167 individal septic
tanks and 19 communal Imhoff tanks in District Council of Kulim. Excreta
collected from the bucket latrines and sludge collected from the septic

and Imhoff tanks are being disposcd of in three trenching grounds located

at Junjon¢g, Mahang and Naga Lilit.

3.6 The Junjong solid waste landfill : has almost reached the end of

its life and would have to be phased out as scon as possible. The Majlis
Daerah Kulim has selected a potential new landfill site about 3 km ecast

of Kulim on Lot 671 mukim Kulim. The total area of Lot 671 is approximately
40 hectares. The Majlis also intends to use the same site as the central
excreta and sludge trenching grounds and phase out theé 3 exlsting trenching

grounds stated earlicr.

[y
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3.7 It was reported that Majlis Daerah Kulim selected the proposed
landfill site at Lot 671 based on the following reascons :-—
3.7.1 The proposed site is only about 3 km from Kulim towmship
and therefore would greatly reduce the transport cost
of solid waste.
3.7.2 Since only a single land title is inveolved, the acquisition
of Lot 671 would be relalively easy.
3.7.3 No development has been planned at the nearby arcase.
Further more, the high ground in part of Lot 671 will
acl: as an effective barrier between the proposed landfill
and the Kulim township. Therefore public complaints on

the operation of the landfill is expected to be minimal.

3.8 The localtion of the proposed landfill site at Lot 671 in relation
to Kulim Tovm Centre is shown in Appendix 2. The boundary map of District
Council of Kulim as well as the location of the present dumping site in
Junjong is shovn in Appendix 3. The location of water trecatment plants
that treat water from Sungal Kulim and the proposed landfill site is shown
in Appendix 1. Appendix 5 shows the existing condition of the proposed
site vhen the site inspection was carried out. The proposed site consists
of an undulating land formation with the higher parlk of the land at the
southern lol boundary facing Kulim town. From the soulthern boundary it
slopes downwards towards Sq. Xulim near its nerthern lolt boundary. Lot 671

therefore falls wilthin the catchment of Sg., Kulim.

3.9 The soil formation of the proposed site consitts of mainly sandy
clay with high porosity. Detaill ground water survey has not been carried
out al: the proposed site. However, judging from the water level in the
wells of the ncarby residents the ground water table at the lowest part of
Lot 671 was egtimated to be about 5 meters below ground surface. It must

be pointed out, however, that the ground water table of thc areas may

" be considerably higher during the rainy season. It was reported by the

residents in the area thal during rainy seasons, the ground water level

could rise up to less than 0.5 meter below ground level.

3.10 The existing land use of Lot 671 as well as the nearby areas are
rubber plantationss. As shown in Appendix 2, a laterilke road runs along
S5g. Kulim and cuts across Lot 671. According to JKR this road will be
upgraded into metalled road in the near future. AL the moment it was
reported that there are 60 odd wooden houses with as méﬁy households

scattered ab the necarby arcas along the existing lAaterite road, The
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nearest house from Lot 671 was barely 60 meters away.

J.11 The houses found in this area are typical of the estate houses
having no JKR potable water supply. The residents of these houses

mainly rely on shallow weélls for water supply. Due to its shallow nature;.
water from these wells are from the first acquifer and therefore are
easily subjected to pollution originating from the contamination of

land surface and sub-scil. Appendix 6 shows a typical shallow well

within a dwelling near the proposed site.

3.12 Sg. ulim which is one of the upper tributeries of Sg. Peral
flows in an east to west direction at about 150 meters from the boundary
of Lot G671 which runs along the laterite road mentioned earlier. The
strip of low land in between Sg. Kulim and Lot 671 was covered with bushes
and swamp and patches of rubber plantations. Since this strip oflland

is so narrow it cannot offer any significant purification effect on the

leachate run off from the proposed landfill should it be allowed to cccur .

3,13 According teo the information given by JKR and Penang Water
Authority, there are two water treatment plants having wakter intake points
at 5g. Kulim downstream of the proposed landfill site. The nearest of the
two is Dukit Toh Allang Filtration plant which has its raw water intake

at Sg. Kulim approximately 8 km downstream of the proposed landfill site.
Another walker intake point at 5g. Kulim is called Mengkuang Mok Suleng Pumping
Station and is located about 2.5 km down stream of the first intake point.
The second intake point supplies raw water to the Sg. Dua Filtration Plant.
The Dukil Toh Allang Filtration Plant has a capacity of about 60,000 m3/day
(13 million gallons/day) is supplying water to residents in Kulim and
Seberang Perai arcas. Whereas the Sge. Dua Filtration Plant has a capacity
.of approximately 230,000 m3/day {50 million gallens/day) subplying water

to Scberang Perail and Penang Island.

3.14 At the beginning of 1984, on the request of the Majlis, the
Northern Regional Office of the Department of Environment studied the
proposed site and concluded that it has no objection on the usc of

the proposed site as a landfill for solid wastes provided a number of
conditions are met. A copy of the reply of DOE is glven jin Appendix 7.

The conditions stated arc -~
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Only normal refuse may be allowed for disposal at the

proposed site. Toxic and hazardous wastes must not be
disposed of at the proposed site. Disposal of hospital
and patﬁglogical wastes must be closely supcrvised and

buried immediately.
Open burning should not be permikted ak the proposed site.

Sanitary landfill practices must be followed. GSolid wastes
must be compacted and covered with suitable covering
materials. If 'cut and cover' melthod is to be used, the
base and walls of the trenches should be lined with
impervious materials to prevent polluting the ground watcr.
The procedures outlined in the 'code of Practice For

the Disposal of Sclid Waste On Land’ prepared by the
Department of Environment must be followed. At the same
time, vehicles and equipments needed for the sanitary
landfill operation should be made available to facilitate

the operation.

The invert level of the trenches should be at least 30

cms above the highest ground water table.

The nearest residential dwelling should be at least 500
meters away from the proposed landfill. It was suggested
that the residents in the surrounding areas should he

notified about the use of the proposed site for landfill.

Disposal of solid wastes at the proposed site should be
carried out in such a way that wastes wlll not be spilled
into Sg. Kulim.

The proposed slte should be made a security area and should
be fenced and guarded round the clock to prevent undesira-

ble events from taking place.

All water accumulated at the proposed site should be
drained before disposal of sollid wastes can be carried

oute
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EVALUATION OF THE TFINDINGS

1.1 There is a drop of about 30 meters in heilght from the highest

point to the lowest point. However, there is a strip of land in Lot 671 alo
the cxisting laterite road where the slope is not as steep. It is

believed thal only this strip of land can be used for the landfill

operation without having to involve elaborate and costly engineering
measures for slope stabilization. As the compacted solld wastes takes
considerable time to ‘consolldate it will be totally uneconomical to do so.

The usefulness of Lot 671 as landfill is therefore greatly limileda.

4,2 As stated earlier the soll formation in Lot G671 is predeminantly
sandy clay with high porosity. Therefore the lining of trenches to
prevent the escaping of leachate must be carried out properly. Suitable
lining material such as clay within economical distance from the proposed
site has to be found. In anycase the stringent lining requirement will

definately push up the overall cost.

1.3 In addition to the unfavourable soll characteristles, as has been
reported earlier, majority of the 60 odd families residing near Lot 671

are relying con shallow wells for potable water supply. Since the nearest
house is only GO meters away from Lot 671, the risk of contamination of

the well water is very high. Therefore, it may be necessary to consider
relocalting some of these households 1f Lot 671 is to be used as landfill.

If = the social-political problems invelved in relocation cannot be accepted,
alternatively, piped potable water supply must be made available to these

houscholds. However, both alternatives involve consilderable cost.

1.4 As reported earlier, Lot 671 falls within the catchment of Sg.
Kulim upstrecam of two major potable water supply intakes at Sg. Kulim, The
water from thesc two points are treated and supplied to the population in
Kulim, Seberang Peral as well as Gecrgetown. In view of the possible grave
consequences on Public Health, comprechensive engineering measures and
operating procedures beyond what has been prescribed by DOE in Appendix 7
should be stricltly implemented. Toxlc and hazardous wastes must  not be
allowed for disposal on Lot 671. Unfortunately even with these expensive
measures no one can be absolutely certain and rule out the public healkh
risk because no one can be absclutely sure that human-error or negligence
will nolt occurr in the whole operation. This is e;pccially critical since

Majlis Daercoh Kulim intends to allow the disposal of industrial wastes
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as well as excreta and sludge on Lot 671. Ewven the most elaborate and
comprehensive control system can only reduce the risk to the minimum but

cannot completely eliminate the risk.

4.5 The existing lamd use on Lot 671 is rubber plantation. To use

an existing productive land for landfill can only be justified if it

has been proven to be the most cost-effective solution after all possible
sites have been evaluated. The advantage of sanitary landfill operation to
turn useless land into usefull land should not be over look?d let alone

reversed.

RECOMMIZNDATTIONS

Sal Based on the above study, it is cbvious that Lot 671 1s not
satisfactory to be used as landfill. Though costly engineering measures
can be implemented to overcome some of the unfawourable condition ‘of
the proposed site, it cannot eliminate complelely the Public Health risk
involved in using Lot 671 for the intended purposes. It is strongly
recommended that Majlis Daerah Kulim should endeavour to lock for

alternative sites for these purposes.

542 The 'Guideline on the Selection of Landfill Site' propeosed by
the Department of Environment should be used in the selection and
evaluation of potential landfill site. The Northern Regional office of
the Depariment of Environment should be approached to assist Majlis
Daerah Kulim in the process. Technical Branch of the Local Government

Division will provide technical assistance should the nced arise,
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LIST OF WHACTORIES OPERATING IN THE
DISTRICT COUNCIL OF KULIM.

NAME OF FACTORIES

Scansia Sdn, Bhd,

Goldon Metal Industries (M) Sdn. Bhd.
Kelga Sdn. Bhd,

Hesi Saw Chain (M) Sdn. Bhd.

Ontex Woollen Mills Sdn. Bhd,
Polylkin S5dn. Bhd,

Maica Wood Industries Sdn. Bhd,.
Body Fashion (M) Sdn. Bhd.

Telina Bevelopment Sdn. Bhd.
Franklin Porcelain Sdn. Bhd,
Optical Glass Sdn. DBhd, |

MUDA TIBRE MANUFACTURING SDN,.BHD
NIKE (M) Sdn. bhd,

Trallfa (M) Sdn. Dhd.

HARPER DTR. Industries Sdn. Bhd,.
Heng Leong Industries

Hitachi Semiconductor (M) Sdn. DBhd,
Asiamax (M) Sdn. Bhd,

Goneral Mlectric (USA) Audio (M) Sdn.
Unioncon Bntorprise Sdn. Bhd.
Amirwood Sdn. Bhd.

Singatronlics (M) Sdn. Bhd.

Malaysia Industrial Estate Sdn. Bhd,

APPENDIX 1°

& Goodfriend Cutlery.

Bhd,



Al

pr .M. d

9{[‘: tin : 16 chain APPENDIX: 2
|

!

J we \

I \

” N /

EI‘. \\1‘ >

i UMGA ¢
\ /Wz

. e ue pa.‘v‘ _,—'
JAMARS . xﬁﬂt;f
BUICIT AW e X A
\ SUEOLAR

MENENGAH »
CHIO MG &

SRi KULIM
}‘\, 4

," )\\Z:ls )

eun It i

PROPOSED
% LANDFILL
,\SITE ‘

s S e e A et e Sl

ek !

; * CAWANGAN TEKNIKAL
" BAHAGIAN KERAJAAN TEMPATAN
KEMENTERIAN PERUMAHAN DAN KERAJAAN TEMPATAN

[ V. . )
THE LOCATION OF PROPOSED
LANDFILL: SITE 1IN RELATION

. - T0 KULIM® TOWN CENTRE.

LLESPS AR s, , Yt N e Jruiig




.
g s

LT meichber o ST N B b e i e i & ..'_....-L§g ey REeu s dnpemey sy
.
. A

S AT M T |

S
\

*a

. —

\c
™

APPEMDIX 3

T
. 77 JMERBAU N
7N el . PULAS.,
J . —- L
—~T Py
‘ %
-\-, SCALE - 2in:dmics,
!
N
..
\.
!
N
D
(
)
'r"'
/
Y
1
SNtn
\
N
3
4
A\ _KARANGAM \
o
.‘\-1
R O
-
e by
£.Kulrn ) g
/ S MAHANG 9
/ ! /"/
{ L N
"\..'}
; :GEND
) / LE
{."\_.\} ="~ ldajor Road.
o _3 === Baundury of District
Ca Council.
P o
2 e e Slote Beundory.
a o\ _f
poSs -
s CAWANGAN TEKHIKAL
7 ™ DAHAGIAN KERAJAAN TEMPATAN
~ ; * KEMENTERIAN PERUMALIAN DAN
i | ' KERAJAAN TEMPATAN,
by TN 3
~. |
T BOUNDRY MaP OF KULIM
DISTRICT COUNCIL

O SRR
[




G

AT Y

e

poe R

zuﬁ...h\n Cning

SZITA AT CRIUS Word
ESIA pavu pielel RN

AT TR

B3 MYEY

- rvdadd

ENTY3

]
[

2
2

TTTINGS S

<

=
=

S




AFELINULA 9

R
s AN . \_-.\}__ i
AR
R

'2§$hﬁ§fﬁ
2

o e

A

Daidet

'nﬁ. N“"’I" o .'71.. i f ,%
v A e S PO TR W2 10y

AT e K

e LS iR

RICHRE:

Vi
g L S

e

e

LA (RN 8

by
R
Ny

:“
Ee T

% [ 1 5 a4, - “
R e : % : %f'.
Ny s LEA AR gl Hha B
RN e

ilx.

=
.

Houses around the proposed ground for sanitary lznd

A ' h‘.“,’,ﬁé}ﬁ‘:&a %

d O

P 5

/

R i % o }S{%ﬂ.s

Ll A
Nt «.3131 Ly
B o R

o rl % 41

R

3= SN

73
X5

TR FRsa
Crive) Ehs

= DI
fif vt

RN
s

T

IERNRE




A=

APPENDIX 5

ENTZLTR TN

Part of the Proposed Ground For Sanitary Landfill



APPENDIX 6

Z
o ‘g o
Rl

Well water being used for consumption



fJABATAN ALAM SEKITAR

{(WILAYAH UTARA)

NTERTAN SATINS, TEKNOLOGI . APPENDIX

SDAN ALAM SEKITAR ™

[F4768-A, JALAN BAGAN LUAR _

BUTTERWORTH . Telefon: 340441
SEBBRANG PERAT.

d\%“.-
ok

Q’:i;\'l RUJ- Tuan:

9, .

%Xaﬁq Di Pertua Ruj. Kami: AS(WU) 1045/¢( (
1haj11u Dacrch Kerajacn Tempatan

%‘hulim .

YKEDAi. , Tarikh: 11 Jun 1984

'sv

5‘1 '

‘Cadangqn Tapak L'elupusan Sampah Di Dacrah Kulim
Bnoi lMajlis Deerah Kera jaan Temnatan Kulim

i ) |

hdaluh saya diaroh merujuk kepeda surat tuan MDKT(K)995/(2) bertarikh

25 Felyruari 1984 berhubung dcnqun perkara yang terscbut di atas.

.

f2. i Jabaton Alam Sekitar (Wilayah Utara) tiada mmeunyai apa-apa~
hclangun tcrhadup cadangan di atas tertakluk kepzda syuraL-ujurat ber—~
iLuL i- e

i) Sampah sarap biasa suhaja dibenarkan dilupus
di tapak yang dicadsngkan. Felupusan buangan-—
buangan toksik dan merbahaya adalah dilarang
sama sekali. Pelupusan busngan-buangan hospital,
'pathologyical waste! hendaklah diawasi dengan
ketat agar buangan~buangan terszcbui ditimbus
dengon segera seboik sahaja pelupusan dibuat;

ii) Pcmbakaron terbuka tidak boleh diamalkan di tapak
nelupusan terscbut;

iii} Pelupusan hendaklah dilakukan secara ‘"ﬂnltdry
landfilling® di mana sampah sarap dirata, dimampat
dan kemudian ditimbus dengan bahan penutup dengan
sempurna. Sckiranya kaedah 'cut and cover' hendak
-diamallkan parit yang digoli itu hendaklah dilapisi
‘dengan Ltancsh liat pada bahagian lantai dan dingin-
dinding prrit terschut. Ini dapat menghalang dari-—-
berlaltunya pencemaran terhadap air bawah tanah.

"Kaedeh ini telah diterangken dalam 'Kod fmalan

Yong Disyorkan Untuk Lupusan Busngen kepejal

Ke itas Toeneh' yeang telabpun diedarkan ke Yejabat
tuon.  Silanujuk garis panduan terzcbul untuk
keterangan selanjutnya. Di samping itu jentera
pengorek tanoh dan trektor perlu disediakan ‘
di Ldnak terscbut bagi memudahkan kerJaﬁL&rJa pe-
lupuaun sampah sarape co
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iv)

v)

vi)

viil.

viii)

Behagian lantail parit yang akan digali itu mesti-
lah sckurang-kurangnya 30 sentimeter dari paras
permubaan air bawaly tonah yong paling tinggl yang
dopat dijangkakan;

Tapak terschbut mesktilah sekureng-kurangnya 500
mecter dari kawason periempitan penduduk-penduduk.
Disyorkan supaye penduduk-penduduk di perseki taran
diberitahu terlebih dahulu mengenai tapak pe-
lupusan yang dicadangkan itu;

Pelupusan hendaklah dilskukan dengan cara supaya
soampah tidak akan masuk atau boleh masuk ke dalam
aliran Sungai Kulim;

Tapck Lerscbut hendaklah dijadiksn sebagai kawasan
lirangan, dipagar dan dijaga sepanjong meésa agar
perkara-perkora yanq tidak diingini tidsk berlaku;

Sebarang tokungan air mestilah dikeringkan dahulu
sebelum pclupuaun sampah sarap dilakukan.

% Sekian dimoklumkan, terima k1 ih.
i3

“BERK}‘IDi 1AT UNTUK NEGARAM

rSEAH M

’5:1’-

’%
i‘Kotua Pengarah
ﬁJabatan rnlam Sckitar
TTingkat 1, MUI Flaza
‘Jalan . Ramlee

KU LA LARIPUR .

gu a yang menurut perinteh,

)

Pm . chawal Kaual;n Konan Alam Sckitar
»Uilayah Utara
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NECESSARY IMPROVEMENTS IN KULIM LANDFILL DESICN

Date : ©& August 1987
Author : Dr.Kunitoshi Sakurai, JICA Expert.

INTRODUCTION

The field visit to the future landfill site for the Majlis Daerah Kulim
(MDK), which is located on Lot. 67, Mukim Kulim, Kulim, Kedah, was made
by Mr.Ridhuan and the author on 16 May 1987. Then, the following two
documents were studied by the author:

- Report on the proposed sanitary landfill for Majlis Daerah Kulim,
Kedah; April, 1985; Technical Branch, Local Govermnment Division,
Ministry of Housing and Local Government.

- Proposed Sanitary Landfill on Lot. 671, Mukim Kulim, Kulim,
Kedah; Cawangan Teknikal, Bahagian Kerajaan Tempatan, Kuala
Lumpur.

After the field visit and the study, the author feels the necessity and
possibility of the improvements in the design and operation concepts
shown in the second document above mentioned. These improvements will
not only make the landfilling operation easier but also reduce the
capital cost and the undesirable environmental impact.

. NECESSARY IMPROVEMENTS

2-1 In the original design, the traffic routes of lorries within the
site are not clear and some proposed concepts seem to be technically
unfeasible. lUse of ramps having a slope of at least |:6 from one
platform fill to the next is proposed, but the unpaved ramps with this
slope (16.7%) are not negotiable for lorries especially in rainy seasons.
A twenty feet wide laterite peripheral road is proposed, but it is not
clear why this road is necessary and how it will be used when ramps are
proposed on the other hand. To give the lorries a reliable access to the
working face with the minimum cost, it will bé better to abandon the idea
of ramps and construct only the half (probably the right half = south-
west half) of the laterite peripheral road with some unloading platforms.
The refuse unloaded from these platforms will be pushed to the working
face by the proposed buldozer. The road construction can be done in
stages using the idle time of the buldozer. The width of the road can
also be reduced to ten feet because the MDK has only six lorries in
operation. The junction design should also be improved so that the
driving of comming-in and going-out lorries will be more smooth,

2-2 The final topography of the proposed fill is cocave, It is
preferable to establish covex topogaraphy to direct the run-off towards



peripheral drain. Otherwise, the peripheral drain will work only to
intercept the run-off from outside the fill area and the run-off in the
fill area will go down towards the drain along the existing laterite road
travelling a long distance on the fill surface, and increasing the
infiltration of rain water and the production of leachate.

2-3 Section c¢-c of LF-5, Section b-b of LKF-6, Section a-a of LF-7 and
Section d-d of LF-8 are inappropriate because the elevation difference
caused by two percent slope is neglected. This difference is too large
to be neglected (400 ft distance means 8 ft elevation difference). Lift
design should be made taking into account this slope effect. -

2-4 In the original design, it is not clear how and where to get the
cover material. Ome of the main reasons why in many Local Authorities in
Malaysia open dumping method 1s used is the difficulty to get the
continuous supply of cover material with reasonable price. Therefore,
this point should not be neglected in the design. Maybe, the outer area
along the proposed right half of the laterite peripheral road will be the
best place to get the cover material because of the convenience of its
transportation to the working face. The fill area with the elevation
higher than 100 ft should also be excavated to get extra cover material.
The best place foe this excavation will be the slope in the south-east
corner of the proposed landfill area. This excavation should be made
before the landfiiling in that area. Therefore, the cover material
derived from on-site excavation should be used before that from the outer
area.

2-5 The concept of bund cum road acting as filter of leachate seems
to be inappropriate because main pollutants of the leachate are the
soluble ones which are not likely to be removed by the sand filter.
Therefore, this bund should be modified into a simple earth bund without
sand filter. The width can also be reduced to 6 ft because this bund is
only expected to contain the refuse and is not expected to function as an
access road in new design (see 2-1). However, the side slopes of this
bund should be reduced to }:2 to improve its stability. The intermal
side of this bund which wil{ have contact with refuse may be treated with
clay soil to enhance the impermeability. The best place to get the
material for this bund construction will be the high elevation area just
along the existing laterite road and next to the proposed site.



REFPORT ON THE DESIGN OF SANITARY LANDFILL
FOR MAJLIS DAERAH KULIM,KEDAH.

SEPTEMBER 1987

TECHNICAL SECTION
LOCAL GOVERNMENT DIVISION

MINISTRY OF HOUSING AND LOCAL GOVERNMENT




1.

INTRODUCTION

1.1

The problem of disposing solid waste in Majlis Daerah
Kulim has become acute as the present dump site 1in
Junjong is now full and its continous operatien is a
danger to public health especially to the surrounding
pepulatieon living adjacent te the site.

With the problem, Majlis Daerah Xulim has acquired a
site nearby Kulim town to be converted to a sanitary
landfill. However preliminary report done by the
Technical Unit at the Local Government Division,
Ministry of Housing and Local Government concluded
that the proposed site is unsuitable for disposing of
solid waste as the area is in close proximity to a
river from which water is taken for domestic use. The
report also recommended +that Majlis Daerah Kulim
should look for an alternative site for the purpose of
disposing solid waste.

The Majlis Daerah then responded that no other land is
available from the State Government for the intended
purpose and that the already acquired land on Let 671
Mukim FKulim must be used and that the Ministry should
assists the Majlis in preparing the design for the
disposal of solid waste on the area.

The Technical Unit was again involved with the wvisit
of 1its Director and a Senior Engineer to the proposed
site in Kulim followed later by a team of an engineer
and 2 technical assistants to survey the site in
preparing the engineering design.

The design was completed in 1986 and then sent to M.D.

Kulim for project implementation. However with the
arrival of a JICA expert attached te the Technical
Unit, he was requested to review the design and make

appropriate recommendations so as to improve on it.
The new design was completed in September 1987 and
this report outlines the concept of the design, with
the cost estimation of the project.

In the design, precautionary measures in minimising
the pollution of water courses was considered and only
through proper operation that polution could be
controlled and life of the landfill be prolonged.

It is hoped that Majlis Daerah Kulim would adhered
strictly to the operational procedures of a sanitary
landfill in order to obtain the best result of the
design and a model for which all other Local
Authorities could follow.



2.

DESTGN CONCEPT

2.1

It was firstly thought that the operation of the
landfill could start at the furthest end of the ravine
from the existing latrite road. However this idea was
not taken up in the design because it was £felt that
procedure of creating a cell would be difficult since
the slope is rather steep and that ensuring all the
refuse dumped reach the bottom will be difficult.

Furthermore the mancuvreability of a dozer cum
compactor will be 1limited and an access to the
operational area would have to be constructed. This

would +then incur additional cost to the preject.
Filling shall thus begin c¢lose to the latrite road
progressing inwards as indicated in the drawings.

It is utmost important to minimize the contact of
surface water to solid waste at disposal site and as
such peripheral earth drains would have to be
constructed enclosing the site. The drains shall
cater for surface runoff in the catchment.

The £i1lling shall begin with the first cell running

parallel to the existing latrite road. The cell then
shall progress perpendicular to the bund and shall
cover the whole 90' contour. The ¢ell built up
procedure is based on a 18 ton daily refuse being

disposed by Majlis Daerah Kulim.

The second phase will start at the furthest end of the
100' contour with the first cell being pressed to the
face of the whole ravine. The cells progress side
ways until the whole face ¢f ravine at the 100°
contour is covered then the next row of cells shall be
constructed behind the first and the creation of cell
progresses backwards.

The filling continues similarly at the 110' and 120'
contour. Tt 1is estimated that the wheole ravine could

be used as a sanitary landfill for a period of nearly
6.5 years.

For the first portion of filling operation the cover
material should be obtained from the cell construction
area. After exXxcavation, the earth should be stored at
the side to be used later to cover the cell at the end
of the day's operation.

As the «c¢ell construction’ continues, more cover
material should be obtained from nearby hilly portion
of the area. Such operation of obtaining stock for

cover material could be done during idle time of the
bulldozer.



3.

PROPOSAL

Jj.1

A 10ft wide latrite road with dumping platforms should
be constructed half-way round the site. However a
peripheral drain with dimensions given in the drawings
must be constructed before any filling operation could

be done. The drain should join the existing V' -
shaped side drain of the road though extension of the
V' - shaped drain is necessary as indicated in the

drawings.
For proper operation of the 1landfill a track—-type
dozer should be purchased or hired by the Majlis.

The proposed specifications for the equipment is as
follows :-

Jj.2.1 Horsepower B0 Hp
3.2.2 Weight 20,000 1b

The existing site at Junjong must be covered with at
least 9" of earth fill.



4. COST ESTIMATES

4.1

The estimates are done with total referal to the JKR's
schedule of rates. Though some job specifications are
not specifically stated in the schedule of rates,
the nearest available item is taken for the purpose of
cost estimation.

The estimated financial commitment for the project are
divided as below :

4.2.1 Construction of road, dumping platforms
and side drains

Cost 1includes the cutting and clearing from
site of all rubber trees planted within the
road pavement and drain. Also included is the
massive cutting for road formation level. The
estimated cost is $52,920.00

4.2.2 Construction of concrete drain along the
laterite road

The drain shall divert most of the runoff
resulting from the catchment so as not to come
in contact with the waste being disposed. It
will join the existing 'V' shaped concrete
drain. Estimated cost is $1,300.00

4.2.3 Buying of a track-type dozer

The machine shall spread, compact refuse and

cover material. It will alsoc be useful for
site preparation, rip cover material and
remove obstructions such as stumps. Cost of

the machine is $120,000.00
Summary of estimated cost is as below :

4,3.1 Road dumping platfornms
and drain

$ 52,920.00

il

4,.3.2 Conc. drain along latrite
road :

I

§ 1,300.00

4,3.3 Track-type dozZer 3120,000.00

TOTAL $174,220.00




FURTHER RECOMMENDATIONS

5.1

The clearing of rubber trees from site for various job
specification could be done without cost i1if not
revenue generating by tendering it out to the private
sector. Rubber trees are quite demanding around the
area for the charcecal production.

Majlis could avoid purchasing the recommended track
type dozer by hiring one instead. There are various
financial institutions which offer the hiring service.

Further reduction in cost could be achieved by
properly utilising the back excavator (backhoe) which
the Majlis had already purchased.



6.0 CONCLUSION

6.1 The non availability of other areas has
forced the Majlis Daerah Kulim to use the land on lot
671 Mukim Kulim as a landfill. BAdequate engineering
design would have to be done to prevent acute
pollution of the area. The proposed implementation

plans for the sanitary landfill are submitted with
this report.

6.2 The cost of preparing the site is gquite
expensive. However it is useful to note that the cost
estimation is based on the schedule of rate in -case
the whole project needs to be tendered. The Majlis
however could use its own resources in implementing
the project with minimal involvement from the private
sector in order to cut cost.

6.3 It is important to remphasise that only
through proper preparation and practice that a
sanitary landfill would help the overall management of
solid waste in the area.



A Time and Motion Study Report for the
Municipal Council of Petaling Jaya (MPPJ)

20 June 1988

Technical Section

Local Government Division
Ministry of Housing and
Local Government

Introduction

Time and motion studies of nine refuse collection
crews of MPPJ were carried out on 16 June 1988 by the
participants of the training course "Kursus Pengurusan
Pengutipan Dan Pelupusan Sisa-Sisa Buangan'. This report
summarizes the £indings made by these studies as well as
recommendations for MPPJ.

Methodoloqy

The methodology used in this study is the one shown
in the text of the training course and it is the standard
method of time and motion study for refuse collection. Each
study team which consists of three to four members followed a
collection vehicle by a passenger car covering one day's
complete work. During this field survey, necessary data were
collected using the Form 2 and the weight measurement was
done hiring a private wieghbridge located at 11, Jalan
Tadang. Collected data were analyzed later in the classroom
using the Form 3.

General Findings
3.1 The under utilization of working hours and of

vehicles' loading capcity was widely observed as shown in the
following table :



Study | Study | Area/System | Collection | Number ! Total Working | Working Hour | Amount | Loading
Group 1} Area ! Type | Frequency ! of Trips | Hours | UDtilization ! of Waste ! Capacity
i { H ! ! ! Efficiency {(%)! Collected | Utilization
i g H ] ! i H { Efficiency (%}
i ' i d ! ' i i
i g i } ! d i H
)1 ! Kl ! Commercial | Daily } 2 ! 4hrs 40 min ] 66.7% | 2.62 ton | 26.2%
B ! 290 | Residential/} 3 times/week | 1 ! 4hrs 12 min ! 60.0% ! 3,90 ton ! 39.0%
! ! Flat H ] i H } '
C 1 K8 ! Side Loader | Daily H 1 ! dhrs 20 min ' 61.9% !} 1.30 ton ' 52.0%
D ! Kl1 { Commercial | Daily i 1 | dhrs 57 min ! 70.7% i 2.20 ton ! 22.0%
E ! sU ! Residential | 3 times/week | 1 { 4hrs 04 min 1 58.1% ! 3.68 ton i 36.8%
F } u ! Residential | 3 times/week | 1 { dhrs 01 min ! 57.4% ! 3.64 ton ' 36.4%
G i 1léu ! Residential } 3 times/week | 1 ! 4hrs 55 min ' 70.2% ¢ 2.78 ton ' 27.8%
H ! - ! Roll-on i Daily ! 4 | 6hrs 12 min ; 88.6% f 6.56 ton } 54,.7%
i ! Roll-off H H i i H H
I ! - ! Mechanical | Daily ! 1 ! Shrs 14 min i 74.8% { 3.36 ton } 33.6%
! | Bin d i ! i ! i
i t ; ! | g i |
Notes : (1) Legal working hours = Thrs = 420 nin.
{2} Loading capacity of a compactor vehicle {13 vd3)
13 yd3 x 0.76 m3/yd3 x 0.5 ton/m3 » 2 trips/day = 10 ton/day
(3) Loading capacity of a side loader (8 yd3)
8 yd3 x 06.76 m3/yd3 x 0.2 ton/m3 x 2 trips/day = 2.5 ton/day
(4} Capacity of a big bin for Roll-on Roll-off wvehicle (20 yd3)

20 yd3 x 0.76 n3/yd3 x 0.2 ton/m3 = 3.0 ton/bin

—— e e e e WRAR MR dm e e M e e e S e e e



3.2 Collection workers were picked-up every morning at
the o0ld workshop and after the completion of the assigned
work they were released at the same point. This caused long
nen—~productive trips to all vehicles reducing the available
time for refuse collection.

3.3 Wide range of storage containers were used in MPPJ in
tgerms of type, size and material showing the insufficiency
in the standardization of steorage containers. Many of

storage containers were considered to be inappropriate.

3.4 Per capita waste generation rate was calculated as
follows :

Besidential Area

Group B (229 U) ..... 437 gr/capita/day

Group E (5 U } ..++-+ 426 gr/capita/day Average 414

— e b

Group T (7 U ) ve-+. 461 gr/capita/day gr/capita/day
Group G (16 u) vees. 331 gr/capita/day

Commercial Area

Group A (K1 ) v.--. 587 gr/capita/day ]

Group € (K8 ) c-veas 520 gr/capita/day ] Average 500
Group D {(K11) ..... 192 gr/capita/day ] gr/capita/day

Special Findipngs fer Each Study Area

Please see the attached Study Report Format (Form 3]
for each study area. There are some miscalculations in these
Reports because this was the first trial for the
participants. These miscalculations are left as they are.

Conclusion and Recommendations

5.1 For the participants of the training course, this was
the first trial of the time and motion study. However, all
the study groups could point out the possibility of
productivity improvement in their assigned area using this

methodology. This shows that the time and motion study is a
simple but very useful methodeology to identify the collection
efficiency improvement possibilities. If the participants

try this technique once or twice more in their own 1local
authorities with the data collection format (Form 2} adapted

to the 1local c¢onditions, the output will be much more
improved.

5.2 The usefulness of a weighbridge in the productivity
improvement of refuse c¢ollection work has Dbeen widely
recognized through the training course. It is recommended

that a local authority with 10 refuse collection compactors
{2 side-loaders are equivalent to one compactor)} would



consider the installation of a weighbridge before the
purchase of the eleventh compactor. In the case of MPPJ, a
weighbridge should be installed at the entrance of the
existing dumping site Kampong Pinang to carry out a
continuous control of loading capacity utilization
efficiency.

5.3 Under the present work system of MPPJ, it is very
difficult to expect two trips with full 1load for each
compactor vehicle {13 yd3}. To realize two trips with full
locad, the system should be modified as follows :

{1) The use of standard storage containers should be
promoted with stringent enforcement programme to
increase the collection efficiency.

{2) Roll call of workers should be carried out at
the new workshop to eliminate the unproductive
trip caused by the roll call at the old

workshop. Facilities such as a canteen,
changing rooms, toilets, etc. should be
installed in the new workshop for worker's
convenience,

(1) More workleoad should be assigned to each crew.
In the case of study areas K1, 29U, Kli, 5u, 77U
and 16U, their workload should be doubled at
least. Assigned area should be geodgaraphically
compact to avoid the unnecessary trips. In this
connection, the combination of residential and
commercial area collection as shown in the
following figure may be worth studying with the
aim of assigning more compact area.

Combination of Residential and Commercial Area Collection

I Y R !

! | H ! C = Commercial
' ' 1 Area

{ R ! R | F | !

i I Y{II) §__t I R = Residential
i ! | Area

' I N !

: c i i F = Flat

1 ]

] 1




Present System : Vehicle 1 ----~- Commercial Area (Daily)
Vehicle 2 ~-—-—-- Residential Area (I}
{Mon, Wed, Fri)
—————— Residential Area (II)
(Tue, Thu, Sat)

Vehicle 3 -——-- Flat
Proposed System : Vehicle No.1 ==——- C + RITI}
(Mon, Wed, Fri}
----- C + R{II) + F
{(Tue, Thu, Sat)
Vehicle No.2 -———- Commercial Area
{Sunday)

{4) Working conditicons of labourers should be
improved so that the labourers can alsc enjoy
the fair share of the improvement effects.

5.4 Loading capacity of the side lcocader i1is too small
{1.25% ton/trip} compared with a compactor (5.0 ton/trip)}.
Therefore, side loaders should ke used as stand-by vehicles

in conjunction with the improvement of loading capacity
utilization of compactors aforementioned in para 5.3.

5.5 This analysis is based on the study which lasted only
one day. Work measurement system should be established
together with the installation of a weighbridge t¢ monitor
continuously the performance of crews.

Attachment : Study Report Format (Groups A~I)






























MOTION PICTURE SCRIPT
"SANITARY LANDFILL--YOU'RE THIE OPERATORY

VIDEQO

AUDIO

Establish: Sirjc vicew of station
wagon in motion; Burrell at the
wheel. Pan down to Radio Station
Call Letters on the door, Car

enters landl[ill gate entrance,

CuT TO:

Burrell POV, The camera becomes

his cycs as we hear what he is

thinking.

Frceze, and cut to brief shot of
cnlry areca as it looked a yecar ago
DISSOLVE: TO:

This time lic sces

Burrell again,

houscs on the hillsides, some

finished, some undcer construction,

SOUND: BG OF CAR AND TRAFTIC,

BG MUSIC

BURRELL: (VOICE OVER} Well,
this arca has ccrtainly changed.
I don't remember secing anything

as attractive as that entrance a

year ago

BURRELL: {VOICE OVER)

Houses, too. Who would hdvc



expected to see home construction
this near a land[ill.

Burrell POV again. He is going

around a beud, just past the

i

cntrance gate, LS of fill area,

showing some bare ecarth, some

grassy areas, but clecan. No litter. BURRELL: (VOICE OVER) No
paper....no debris....no mess.

Freeze and cut to similar arca, What a difference a ycar makes!

littered with paper, cans, clc.

Thinks of area as secen onc year

previously.

CuT TO: BURRELL:; (VOICE OVER) I don'‘t

Burrell POV, know what I expeeted to find up here,
but [or surc nothing like this!

CuT TO:

POV [rom working arca. LS ol SOUND: BG SOUNDS O EQUIP-

Burrell car coming up the access MENT WORKING

road

16



The car arrivcés near the working
area,

CUT TO: Land[lill sitc activity
CUT TO: POVpis to onc side ol
the landfill [orc;;nan.

As they are shaking hands, the

camera [recczes on the [oreman.

When [rozen, roll the titles..
HSANITARY LANDFILL--YQU!'RE
THE OPERATOR, ' presented by the

Environmental Protection Agency.

POV [rom where the [oreman and
the narrator are standing, ncar
The dozer is

the working area.

pushing trash up the working face.
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NARRATOR: I!'m Larry Burrcell,

with KWLA; you're the opcrator?

FOREMAN: I'm Jack Johnson.
We're always happy to have visitors
to tell our story to., What's KWLA's

angle?

NARRATOR: Frankly, Jack, the
reason we're doing this story is
becausc a year ago this was a

pretty messy area. Pcople arc



Foreman paraphrascs the delini-

tion in a halting mannecr.
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very impresscd with how you've
brought it under control. I know I

sure am,

I gucss the place to start is for
you Lo tell me what a sanilary

landfill is,

FOREMAN: Well, Larry, the
official definition is that "SANITARY
LANDTILLING IS AN ENGINEERED
METHOD OF DISPOSING OF SOLID
WASTE ON LAND BY SPREADING
THE WASTE IN THIN LAYERS,
COMPACTING IT TO THE SMALLEST
PRACTICAL VOLUME AND COVER-
ING IT WITH SOIL BY TIIE END

OF EACIH WORKING DAY IN A
MANNER THAT PROTECTS THE

ENVIRONMENT, "

NARRATOR: I guess in plain

Inglish what you're rcally saying



He gesturcs over his shoulder,
Pan the opcration, then walk

toward pickup.

Jack and Larry get into Jack's

piclkup.

DISSOLVLE TO:
As they walk into the scale house,
Jaclk points to various drawings on

the wall,

is that a sanitary landfill is a sale
and efficient way of disposing of

reluse,

FOREMAN: Yes, a rcal sanitar.y
landfill opecration, like this onc,
is one of the best ways to dispose
ol nearly 1 ton of refusc from cach

person per year,

Over here is the equipment it takes

to operate a sanitary landfill,

I'1l show you later how cach picce
contributes to making this a prop-
erly operated landlill, but [irst
let's go down to the scale house for

an ovcrall loolk at what we're doing,

BG MUSIC
FOREMAN: This is a sct of plans

prepared by our engineecr to guide



the construction of our land[lill.
The enginecr selected this site
after a thorough engineering study

to protect against environmental -

hazards.
As Jack tallkks about the various The engincer prepared this site
things, he points them out on the plan to show the original topography,
site plan, finished grades and ditches and

culverts, and location of the cover
matcrials. The map also shows
our wet weather operation site,
roads, buildings, fencing, and
Show a simplilicd layout of the utilities. This other plan shows
ultimate site plan, how we're planning to usc the site
after [illing is completed. The
grades shown on the plan werc sct
50 the compleled site can be used

as a park,

20



CuUT TO:
Foreman introduces weighmaster

to Larry inside the scale house,

Daily truck weight record forms.

CcutT TO;
Onec or more trucks come through

and arec weighed as foreman speaks.

Weighmaster in action,
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FOREMAN: Larry, I'd like you to

meet Meyers, our weighmaster.

NARRATOR: Mr. Mcyers, how

are you? Nice to mect you.

FOREMAN: Every load of trash
brought in here is weighed and the
amount recorded on thesc forms.
Alter calculating the charges f[or
disposal, he instructs the driver
to follow the signs to the dumping

arca.

It's important for us to lcn‘ow the
rate at which the available space
in our 1and[.'111 is being used up and
to keep track of where our income
is coming from. The regulatory
agency here also requires us to

keep certain rccords on our

operation.
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We charge bascd on the tonnage of
trash delivercd, so we've got to

maintain accurale records.

We can determine from these
rccords where our costs lie in
order to minimize expenditures.
The Fedcral Government has
provided us with these forms to
help organize our records for this

purposec.

NARRATOR: By the way, Jack,
I've heard that sanitary landfills
have a very poor accident record.

What!s your expericnce in this arca?

FOREMAN: Actually, Larry, a
sanitary landfill is reclatively salc.
It is the dumps that have the poor
salety record. Our operating
practices help eliminate accidents,

We also have emergency procedures



to follow. A pickup is always on
Telephone in scale house duty at the [ill. In any emecrgency,
word can reach me herc in a matter
ol a [ew minutes. When it does, I
can get an ambulance here within

minutes.,
NARRATOR: No first aid?

FOREMAN: Yes, we have onc
trained first aider on the job., He
mainly treats for minor cuts and
bruises., TFor anything more
scrious we call on proflessional

help.

NARRATOB:: Does the landiill have
CUT TO: . to be [enced?

Exterior of 1IQ) building, Narrator
) FOREMAN: Yes, because we have

and forcman come out the door, '

to control access. The entrance
go to the-pickup truck, climb in

must have a gate so that vchicles
and drive to entrance,

can't get into the [ill when it is

23



CUT TO:
Entrance with dump boxes, fence,

and landscaping.

DISSQLVE TQ:

Pickup arrives at the working area.

They climb out.

CUT TO:
Bulldozer is pushing refusc. An

earth bank is' visible adjacent to

the exposed refuse,
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closed. This protects us against
the possibility of lawsuits from .

pecople who might wander in herc

and get hurt.

We have these drop boxes for
pecople who get out here after we
close., The drop boxes are empticd
back at the [ill each morning.

C'mon, let's go back there, and

I'll show you how we land{fill,

We're standing on a 30 [t refuse
fill, That mound over there is
yesterday's refuse covered with
carth, It's what we call a 'cell."
A cell is simply refuse surrounded
oﬁ all sides. by earth. And over

here is where we're building one

today.



CUT TO:

Establishing shot from the opera-
tor's POV, As the fo;‘c;nan talks,
intercut vario&s shots of the proper
spreading and ;:ompacting of

refuse,

FOREMAN: As you can sece, wefre

compacting on a 3 to 1 slope. We

spread the rcfuse from the bottom

25

up, keeping the working face as
small as possible, The trucks

unload right at the toc of the slope,

NARRATOR: Why can't they dump

at the top?

FOREMAN: They could, but un-
loading at the bolttom and pushing
up gives us better compaction,
leaves the top free for covering, .
reduces blowing litter, and is |
casicr on the operator and the

machine,

NARRATOR: How is the cquipment

allected?
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IFOREMAN: Well, tractors arc
designed to work more elficiently
when moving forward. That's
because the rear sprockets, which
do all the work, are pulling the
bottom of the track when it's

tightly held down by the weight of
the tractor. Whenin reverse, it's
pulling the loose part of the track,
Tractor wear is incrcascd when-
cver it moves in reverse. This
weal is increasced even morc when-
ever the tractor pushes refuse down
a slope and then has to go in

reversce up the slope.

NARRATOR: How do you get good

compaction?

FOREMAN: We get the best com-
paction when the waste is spread

in layers 2 ft thiclkk on a 3 to 1 slope




CuT TO:
Narrator and forcran are stand-

ing at or near the face of the fill.
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and then run over 3 to 5 times

before adding another layer.

NARRATOR: How do you know
when you're working on the right

slope?

FOREMAN: The do;'aer can climb
it with a blade-load without over-
worlking, If il's too steep, we have
to go to another gear and the tracks
start spinning and lose spced. It's

a matter of fcel.

NARRATOR: Before that refuse
is compacted, it looks pretty loose.
How do you kecep it from getting

away [rom you in the wind?

FOREMAN: Larry, I'm glad you
asked me that question, Becausec
it's here that the public loses con-

fidence in a landliil and where most



IForeman s]cctchﬁs cell face and
)
wind direction in dirt at their

feet for illustrative purpeses.

Camera PANS to both types of

fences.
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operators fail. Il's really quite
simple. TFirst of all, we make use
of the wind by working the lace of
the cell into it, In this way, the
wind presses the loosc paper
against the rough surflace of the

slopc.

FOREMAN: We know the direction
of prevailing winds here. So we
set up portable {ences downwind
of the working area, We use two
types: those 10 footers arc pulled
from spot to spot. Ilog fences are
used wherc we nced Lo cover a

relatively lal.rgc arca.

You've got to make surc the fences
arc keplt clean. Otherwise they act
as a barrier to the wind, which

then simply moves over them.



CUT TO:
CU of spotter directing trucks to
the proper place for dumping.

Spotter is wearing an orange vest.

Car with small trailer arrives;
spotter walks over to give
assistance in backing the trailer

to the fill.

Return to narrator
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Then too, we keep the working

face as small as possible,

NARRATOR: And how do you do

that ?

FOREMAN: First, by being awarc
that if left uncontrolled, the work-
ing face can earsily ret spread out.
That!'s the "spotter's' responsi-

bility,
NARRATOR: What is spotting?

FOREMAN: Spotting is like traffic
directing. When trucks ar.e coming
in heavy, thqy have to know wherc
to d.ump. We try not to delay the
trucks. The homecowner with his
small trailer can be a problem;
most don't know how to baclk up to
the fill,’ The spotter can be helplul

here and prevent collisions, During



CuT TO:

Burning of refuse.

Camera PANS to water truck

parked near the fill area,
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slack times he also {ills in as our:
laborer cleaning litter fences and
even goes oulside our property to
pick up litter. Ie also runs our.

water truck.

NARRATOR: Is that all there is

to spotting?

FOREMAN: No. Sometimes we
get a "hot load" ., ., . thatis a
truck with a [ire somewhecre in the
refuse. Wec have to pul him off in
a separalc area where he can dump

out of the way,

NARRATOR: Then what?

FOREMAN: The dozcr spreads the
load right out and we put out the
[ire with the water truck. Wec also

call the fire department.



A truck dumps its load of white-
goods, the dozer rolls over it a
number of times and then walks

it into the toe of the [ill,
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NARRATOR: Then does the refuse

go into the fill?

FOREMAN: Not until the end af,
the shift, when we're sure the [ire
is out and won't start again, It
could spread to the whole face,

you know,
NARRATOR: Anything elsc?

FOREMAN: Somectimes a load of
bulky stuff comes in , . . white-

goods, tree trunks, you name it

NARRATOR: And what do you do

with that?

FOREMAN: We have him dump to
one side of the working face, Then
the dozer smashes the stulf by
walking over it, It is then worked
ints the bottom of the lift, By

doing it this way, the dozcr won't



He points.

CuUT TO:
Wet weather site. We don't see
the narrator and foreman, but

cverything we do sce is [rom their

POV,
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dig it out the next time he comes

along.

NARRATOR: Whatother problems

do you have?

I'OREMAN: Well, we have Lo

operate 52 weeks a ycar in good
weather and bad. If we stopped
for rain, snow, or cold weather,

the entire [ill would get out ol

control,
NARRATOR: So what do you do?

FOREMAN: We have a wet weather

site, It's ogver here, Come on--

wel!ll have a look,

As you can see, most ol the roads
arc temporary dirt roads and the
refuse is covered with dirt, In
wel weather they get mudd{(. So

we do two things: we [ill in an



View illustrating proximity of [ill

arca to access roacds

Stockpiles of surfacing materials,

CUT TO:
Stockpile of cover material

adjacent to the wet weather site.
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arca ncar our all-weather black-
top roads, and surface the access
roads and dumping pad with asphalt
burnings, klinker [rom nea.rby.
powcer plants, or perhaps broken-

up rubble [rom construction sites.

We also stockpile cover carth near
the wet weather site to cover the

refusc daily. And by the way, it's
a lot easier to do this work during

dry weather,

NARRATOR: If you have to be that
prepared for wet weather, what do
you do during cold weather and

heavy snows?

FOREMAN: Actually, Larry, snow
and cold weathcr is not such a pro-
blem.' Do you remember last

wintcr ?



e

FLASHBACK: .

Clearing snow.

(Snow scenes shot at the Heaps
Peak site in the San Bernardino
mountains. The site to the extent
possible, resembles at least to the
movie watcher, the other sites

shown previously,

Show operations in the snow.

Show snow-covered stockpile, and

the machine pushing soil cover

over the landfill,
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NARRATOQOR: I'll never forget it;
I couldn't get to work for nearly

a week.

FOREMAN: Qur major problem -
was keeping the roads open. A

lot of time was spent by our opera-
tor clearing snow drifts from the
roads and dumping areas.. Aside
from this, operations were not
much different from any other

time,

Cover dirt is stockpiled near the
fill prior to cold weather setting

in, It is spread over the rubbish
every day. As long as snow covers
the stockpiled cover dirt, it doesn't
freeze. We've had problems in
years when we got cold weather

prior to the snows. The earth



Recturn to present time CU of

dozecr cab.
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cover [roze, and we had to rip

the earth to looscn it.

NARRATOR;: Idon't imagine the
equipment opcrators like winter

operations,

FOREMAN: Actually, they're
better protected than anyone else
out here. The machines have
heated cabs. Operator cfficiency
drops off duc to restricted visi-
bility mostly when the wind blows

snow,

NARRATOR: Scems to me that this

operation is rough on cquipment,

FOREMAN; Man, you're not wrong
there. All of our cquipment has
special accessories Lo guard
against’damage, and we still have

to check them regularly,



We housc our cquipment in that
building to protect it against
vandals and the clements. The
building is heated so that the
operator can perform routine
maintenance and minor repairs
anytime regardless of the weather,
We have to keep the machines
going to maintain a sanitary land-
fill. Preventive maintenance is
absolulely necessary., I insist that
repairs be made immediately
before a minor defect becomes a
majol breakdown which is costly
DISSOLVE TO: to {ix and can extend down time.
Dozecr and scraper going up to
FOREMAN: Well, it looks like
working arca {rom building areca.
we're ready to start covering,
NARRATOR: Why is cover

neccessary?

36



CUT TO:

LExcavation site. TIollow a pull-type
scraper as it picks up a load and
hauls it to the face. The same
dozer scen carlier on refuse is

pulling the scraper,

During this conversation intercut
various shots ol spreading and
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FOREMAN: Actually it’s onc of
the most important elements of a
sanitary landfill. By covering all
the refuse with carth, the site
looks ncat and the cover keeps

paper [rom blowing around,

Earth also helps lo prevent fires
by sealing off the combustible

material within cach cell. This
way il a {ire should brcalk out, it

won'l spread Lo adjacent cclls.

Without daily cover, the refuse

would draw rats and insects, You
want to get it scaled belore it gets
to rotting and smelling bad. Rats
won't come around or stay around
if there's nothing to cat. So cover

keeps the landfill sanitary.

The ideal cover is something that

can be cxcavalted easily an-site,



compacting operation [or cover,

Medium-distance shot of spreading
soil cover and then a CU showing
the working face with the [irst
course of soil and some paper
showing through; then zoom back to
MD and shc;w second thin layer be-
ing placed. No morec refusc shows

through.

spread and compacted cvenly, and
won't be too slippery when wet; yet
contains enough moisture to prevent
dusting. But you seldom have such
ideal conditions. We have to rip
some of our cover soil, and when

we use rocky soil, we've got to lay

down morc Lo get equivalent cover,

NARRATOR: THow do you know how
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much cover to put on?

FOREMAN: II you can sce reluse
through the cover earth, you need
more. Normally, it takes about

6 inches to cover the cell Lo hold
its shape and keep the relusc in.
It's sort of up to the operator’s
judgment . how much it takes to get
It's some-

this amount of cover,

thing he gots a feel for after awhile.



Then show dozer compacting soil When a [ill is completed--that is,
by rolling over it, when it is brought to [inished grade-~
we pul on alk least 2 [ect of [inal

earth cover.

NARRATOR: The refuse is worked
{rom the bottom up, but it looks
like you place the carth from the

top down, Why is that?

Show a shot of a machine pushing FOREMAN: Welll, flexibility I

stockpiled soil down slope. supposc. You want to kecp the
stockpiled earth out of the way of
the delivery vehicles but close
enough to where it's nceded, We
bring it during the day when
refuse deliveries are slow. Faving
carth at the top is especially help-
ful on windy days because you can
cover the refuse as nceded rather
than waiting Lill the end of the day.

Bear in mind that earth is heavy

39



comee gy

~

CuT TO:

Narrator and foreman

FLASHBACK TO:

Overall shot showing a small
trench landfill in opecration.

Tnough of the area is shown to

indicate that the land is flat with

ne hills for cover.

CU of rig working refuse in trench.
Show CU of truck dumping at

bottem of trench.

CU dozer spreading rcfuse and
then covering it with soil stoclk-

piled ncar facc,
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compared to refusc, and it's
easier to drift earth downhill

fcathering it as you go.

NARRATOR: Jack, when we talked
over the phone, you said you had

another site. Is it like this one?

FOREMAN: No, on that site I use

the trench method of landf{illing.
There are no available canyons for
filling, so I excavale a trench to

place the rcfuse in and usc the

excavated material [or cover,

For the l:rc:ncl_l method, the
refuse is placed in the trench,
compacted, and then covered with
carth just as it is in the arca

method used here,



DISSOLVE TO:

CU Narrator.

Equipment operator is walking

toward narrator and [oreman.

Shaking hands.
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NARRATOR: Well, I guess that

covers it for me.

FOREMAN: Belore you go, I'd
like you to mecect my cquipment
opcrator. He's a key man here on

our landfill,

Hey, Dick, do you have a minute?
I'd like to introduce you to Larry
Burrell. Larry is out here doing

a story on our operation.

NARRATOR: How do you do Dick.
I understand that you!'ve been on
the job quite some time. IHow do

you like it?

OPERATOR: Good. I know what
I have to do cevery day, and how
it's supposed to be done, I take
the attitude that it's semcthing

constructive, something to be



CuUT TO;
Shots of playgrqunds, parks, ball

field.
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proud of, Some of the operators
may think land{ill is just a fancy
dump. Me . . . I thinkit's a good
operation, and an important one.-
It's taking nearly uscless land and
making somecthing useful out of it.
When this fill is finished, I can
bring my family up herc for a
picnic, and let them share a little
of the pl:id(.‘. that went into making
this sanitary landfill one of the

best in the country.

FOREMAN: Many of the improve-
ments you have secn were the
suggestion of Dick and other men
out here. We may be the opera-
tors, but'I like to think that some
day the public will realize the
value of sanitary landlfilling, too.

Thanks very much, Dick.



CUT TO:
Narrater and [oreman arec stand-
ing outside the scale house., A

packer truck is traveling out of

the site.

CUT TO:

Narrator shalkes hands with Jack.

43

There's a [celing of constant
movement and progress on a sani-
tary landfill. No matter wherc
vou look, cverybody is on the job.
That packer's been here twice
today. We!ve got to hustle to keep
up with the deliveries. Ifforts
at resource recovery are helping
to reducc the amount, but there
will always bc some material lelt
over for land disposal. Nobody
within sight or sound of this pro-
ject can be offended by what he
sccs or hears.

Everybody who

worlks here understands that,

NARRATOR: Thanks a lot [or the
tour of your sanitary landfill, and
congratulations on the way you've
improvcd it. As far as I'm con-

cernecd, sanitary landf{illing is

here to slay.



View of car driving out of gate and

down the road.

DISSOLVE TO:

I'inished landfill, in use as a

public park, There is action

on the site, such as boys playing
catch. As we watch this action, a
scries of fast intercuts are shown,
"playing back' what it took to make
this landfill, Progressing {rom
building access road, truck traffic
at scale, sprecading refuse, spotting,

covering, and planting.

CuT TO:
Full screcen freezec of Lhe finished

landfill as botanical gardens, HHold
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FOREMAN: We're always glad to
have visitors. We're proud of

what we're doing,

MUSIC

MUSIC., HOLD UNDER UNTIL

END, THEN UP AND QUT.




on this picture as credits roll,

[ollowed by EPA logotlype,

AND OUT,



A Final Municipal Waste

Disposal Facility
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Collecting discharged wastes

Ql Every home discharges wasles daily, and Lhe amount of waste
seems Lo be increcasing everyday and ecvery year.

Q2 The disposal of wasles is gencrally Lhe responsibifity of
local city governmenls.

Some wastes can be burned in a plantl, but ashes still remain.

¥

»

" MAKITIWHT Ik

Conpression plant of Ml Ao

fi

Q3 Plastics or styro foam cannol be burned because lLhey produce
poisonous gas. Nefrigeralors, bicycles, and othersuch itens
cannot be burned eilther aruI.Lhcy are toq@ig tq&andlc
casily. These incombustible wastes are crushc?énd shreaded
Lo a4 wmanageable size. All of the ashes, crushed and
shreaded wasles must then be dumped and burricd somewhere.

But where? Thalt is Lhe problen.

bZ w25 T <L

Truck 1Is lcavinu.f

Q4 It is always very difficult to locale garbage disposal sites
because nobody likes to have one in Ltheir neighborhood, and
because it always creales conlroversy among the community

.people.
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A Final Municipal Waste Disposal Facility
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Abandoned quarry

Q5 This is an abandoned quarry which is in gamura-city beyond

(- Lhe suburbs of Tokyo.
. The quarry covers an aréa of aboul 21,000 square melers.
Nine cilties in Lhe surrounding areca cstablished a Wasle
' Disposal Management Union and recached an agreemenl wilh

Hamura-cilty Lo conslrucl a final municipal wasle disposal

facility here.

ST sithT5>RMD Dl

Unstable slope

Q6 In order to uwutilize Lhe abandoned quarry for Lhe
construcltion of a wasle disposal Iaci}ity, Lhe construclion,
must be done; in compliance with Lhe relevant laws and
regulations, and wilhout causing any conflicls with Lhe

' people in Lhe vicinily.
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Opening ceremony
Eacth ,bneakmg

earth b\‘ea.,k.'ﬂg.
07 An ep-on-ing cercmony for Lhe construction was conducled by

the Waste Disposal Management Union on May 15, 1980.

Q8 [IL's Dbeen three ycars since Lthe announcement of Lhe plan to
consbtruct Lhe facilily here. More Lhan [ifly meelings had
been held will the people in Lhe vicinily before an

cnvironmental proleclion agrecement was signed by the parlies.

2T Bk e

The environmenlal proleclion agreecnenl

9 The intenl of Llhe agreemenl is to prolecl the cilizen's
heallh and the environmenl {rom possible pollulion crealed
by the waste disposal facility. The agrecment consisls of
nine clauses which specifly Lhe facility's systenm and
mainlenance requircemenls, Lhe method of disposal, and Lhe

rights and the dulies of the citizens.

e 1 R P O {

Commencemenl of work, Drainage work
[

Q10 The construction work, done by Ohbayashi Corporation one of
the leading conlractors in Japan, slarted wilh Lhe
discharging of the waler in LlLhe abandoned quarry.

This abandoned quarry, a huge hole, will be changed to a.

new wasle disposal site.



Qll Afiter discharging the waler from Lbhe hole, the boltom I

needs Lo be compacted and graded.

A EEY - PFEBE LV

Grading slope, Removal of fioaling rocks

Ql2 Since Lhe slopec, ncarly Llwenty meters in height, had been
exposed Lo rain and weallhering for a fong Lime, loose

rocks had Lo be removed and uneven arcas samoothed off.

0 (e

Grading work

Q13 Soft alluvium in the boltitom of the hole is unsuitable Tor
the heavy loads cxpectlted from the wastes, and Lherelore,
must be mixed wilh suitable material Lo improve Lhe

bearing capacitly.

Ql4 Imporled material is used for Lhe mixing.

AWl PFTIRE ==L ES 5,

Dump Ltruck carrying waterial & Grading work by bulldozer

Qls The imported material is Lthoroughly mixed with the alluvium

and graded by bulldozers.

-{-
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Q7

In Lhis way., Lhe botlom of the hole is made [irm and stable

for supporting wasles of more Lhan 10,000 tons.

After wastes are deposiled here, however, rainwaler or
groundwaler will collecl in Lhe disposal arca and will be
contaminated by the wasles. The conlaminated water must
be pumped up and treated by a waste walter Lrealmenl plant

before discharge.

15 K S 3 b Bk

Wasle Water Trcalwenl Planl

Thus, the waste waler treatmenl planl plays an important

Qlg
role for this facilily. llere, Lhe foundation work of tLhe
planl lhas begun.

[ i

Drawings

Qig The slopes will be stabilized by reinforced sholcrete and_

then a Spq%ial lining will be p{accd Lo prevenl water
seepage and to properly conlain the wastes. The boltonm
will be paved wilh an asphall sealer.

Waler within Lhe disposal site will be collected by
drainage pipes to a sumpp pil and-lhen punmped up to Lhe

waste water Lratument plant before discharge Lo Lhe public

sewage systen.
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Inslallation of OV [ilter

G20 S0cm wide filter drains are Lo be inslalled under Lhe

sholterele for drainage.
Q21 This filter is wade of synlhelic fabric conlaining spirals
made of polyethylene. These fillers drain waler from Llhe

slope Lo the bollom of Lhe disposal area, prevenling

failure of the slope due Lo waler pressure.

ALY

Installalion of wire mesh
Q22 Afler Lhe installation of Lhe Tillters, wire mesh is placed.

Q23 Here, mass produclion of sholcrete has begun by wmixing

cemenl and sand.

T X E

Spraying shoLcrch;
Q24 Now, sholcreting begins,

Q2% Shotcrele is sprayed on Lo Lhe slope by compressed air.
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Conslruclion of Waler Treatmenl Planl

Q26 GConslruclion of the waler Llrecalmenl planl is progressing

as well.

T U T W& 4 ek

Shotereling

Q27 The Lhickness of Lhe shotcrclc is 6 cm. The workers are

equipped wilh life Jines on Lhe 13m high slope.
Q28 [n order Lo prevent waler scepage and Lo properly conlain

Lhe wasles, a double layer of water inpermcable lining

will be placed on top of Llie sholcrele layer.

HAE v I

Suop pil constructlion

0219 lerc you can see Lhe foundalion work of the sump pit for,

collecting conlaninaled waler.
1
QiG fe-bar has been jnstalled.

Q31 The shotecreling has now been compleled.
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Ol Sheel placing inilial lining of nonwoven fabric

Q32 AfLer Lhe sholcrelte is complelely dried, placing of the

initial layer of impermecable lining is slarted.

Qild This method uses a 2 mm Lhick chemically made nonwoven

fabric which will not decay when placed underground.

Q34 To provide waler scecaling, a synlhelic rubber and

asphaltic emulsion solulion is sprayed on Lhe fabric.

O A D44 fiik

Spraying work of OA

Qi5 Spraying of Lhe "scaling” saolulion has slarled. The fabric
and Lbe sholcrete are strongly bonded togelher. This
fmproves Lhe stabilily of Lhe surrounding slopes and

enhances Llie walerproofling.

The representalives of relaled regional groups also
observe .and supervise the work progress.

’
Local inhabilantls' cooperation and conscnt play an imporlant

parl in Lhe construclion of the facifitly.
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Construction of the pii

Ql6 Above the sump pilt, a chimney like structure has been
installed. From here comtaminated waler will be pumped Lo

the waler trealment plant.

037 The control building for Lhe waler trecatment plant has

started to take shape.

il B N 7 N G i

Placing scecond nonwaven [abric

Qla Now, placing ol Lhe second laver of impermecable lining has
started.

Qg Here, the cdges ol Lhe fabric are being overlapped.

Q4 The enlire slope wil) be covered completely wilhout any
gaps.

—EE DO AME I (Fage 6)
[

Second spraying of 04

Qdl The scaling solulion is carcfully sprayed in a vuvniforn

"manner Lo maintain high guality,.

Q42 (Deleted)
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Introducing slope prolection melhods using illustration.

Q43 This kind of melhod is usually applied on slopes of
various Lypes of projecls such as for reservoir slopes or

slime disposal pils.

Q44 Slope protection work by hardening Lhe slopes is compleled

in such a manner.

HEARE o 0 o fr

Filling work at tLhe sump pit side.

Q49 In Lhe arca around the sump pit, where installalion work
of inlets and drainage lines have been finished,

backfilling work proceceds quickly.

The conlaminaled waler will bLe transported Lo Lhe waler
Lrcatmenl planl Lhrough pipes coming oul of Lhe chimney-like

slructure.

_lu-
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Ffilling work at the lennis courl side

Q46

Q47

Filling work on Lhis final rewaining slope which
consists of soft ground is taking place. This slope would
likely collapse wilhoul iwprovemenlt Lo make Lhe slope more

stable. Here, Lhe sofl ground is improved by adding lime

Lo the (ill material.

0f course, Lhe same impermeable liner as was shown
previously wifl be placed on Lhis slope Lo form a

complelely impermeable slope proleclion wall.

fe e 0 55 16 {3

Grading work (Final slage of construclion)

Q48

Q49

Q50

Grading work at Lhe botltlom of Lhe abondoned guarry is now

mosltly coumpleled.
After grading Lhe bollow, an asphall scaler pavement is
placed and various kinds of catchmenl facililies are

provided as an exlra measure Lo ensure thalt contaminaled,

"water will not flow oul lo Lhe surrounding arca.

Work proceceds smoolhiy.

_.11..
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Wasle water Lrcatmentl flacility

.

Q5la The conlrol building fdr Llhe water Lreatmenlt planl is now
compleled. Hain facililies for the planl are arranged
underground. The only remaining work is to inslall Lhe

various required cquipment.

T

Car-wash

Q%1b A Lruck-wash pilt will also be completed soon.

B =) 7o

[nslailalion of drainage pipe

Q52 Drainage pipes for col lching.undcrground waler are
installed undernecath L(he hollom of Lhe disposal areca.
Unless Lhe drainage pipes are provided, the aspllaIL.
pavement wo?ld be lifted up duc'to water pressure when the

groundwater level is high.

Q53 The pipes are O80mm in diameler and are perforated wilh

small holes Lo allow inflow of Lhe waler.

_.12_
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Q55

All Lhe surrounding groundwaler which infillrales under
the disposal arca will be collected by Lhese perforaled

drainage pipe.

The drainage pipe is backfilied with gravel to prevent
clogging of Llhe small holes wilh soil. The total lenglh

of perforaled piping installed is 1,980 n.

TRZ w2

Asphall pavemenl

Q56

TFRARTZ el b7 429y —0LkobER

The asphall secaler pavement is placed above the installed

drainage pipes.

e

Work done by asphall [inisher

Q57

13,000m' of asphalt pavement is required to cover Lle
enbtire botlom of the disposal areca. The pavement is l0cm

Lhick.

.
i
[}

FLTCO— Roa—35 —~

Then,

Q58

work is done by a roadroller.
The asphatltl sealer pavemenl work is rigidly performed
under stlriclt qualily conlrol to prevent [cakage of waler

from the bottom-of Lhte facilily.

~-13~
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installalion of perforated pipe

59 After completion of the asphalt pavemenl work, 3100 amm
diameter perfrated pipes are installed with gravel
ecnclosed around the pipes.

Waler pooled within lhe disposal arca is collected and

Lransported Lo Lhe sump pit.

ou % 8 2

Ditches

Q60a AL the foolt of the slope, dilches filled wilh gravel are
prepared Lo cotlect waler coming from filter drains on Lhe

slope or from rainwaler.

Q60b Check valves arec installed in the dilches al 5w inlervals.

T

Check Valves

Q61 These check, valves, which allow undcrsggﬂrd water to flow
up, prolect Lhc asphall pavement fromAdamagcd by waler
pressure when Lhe groundwaler level becomes high., AL Lhe
samec lime, they also prevent contamingtcd.walcr in Lhe sump
frow. flowing down and out. I

Thus, careful consideration is provided in Lhe design to

avoid environmental pollution.

-14-
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Qvervicecw of compleled wasle disposal facilily

Q62

Q63

- U sk

All of Lhe waler from drainage pipes and perforaled pipes
is Lransported Lo Lhe sump pil and Lhen pumped up to Lhe

wasle walter Llrecalmenl planl.

A new wasle disposail lacilily is now [ilnished, complele

with a waler iwmpermcable liner and proper drainage.

S =T e

Tape culling Cercmony

Q64

LS

The tape culling ceremony of the Waste Disposal Facility

was held on Nov.1,1982.

S I X R A DH 4

Commencement of Operalion

Q65

The .expected usable period of thc.disposal arca is only 1
. ! N

years. By then, il will-&mthb&en filled to capacily.

The limiled and precious space will be used by nine cilies

and two Lowns. )

L is neccessary for pcople in the communitics Lo give

serious consideration to wasle disposal probleos and Lo

make eflforls Lo discharge less waste in the [uture.

-15-
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MAb &  Extlinguisher .

QGG For Lhe lTacilily, various [ire fighting equipwent have

been provided in case ol an emcrgency.

Q67 The waste waler planl tLrecats the conlaminated waler in

accordance wilh standards for discharging inlo public

waters.

Disposal

Q68 Only ashes frowm wasles which have been incineraled or
inconbuslible wasles whiclh have been crushed and shrecaded
arc allowed Lo be disposed al Lhis site.

iz LE

Compactltion

QG619 Wastes are compacted by a special compactor.

L

Q70a Various measures arc Laken to protect Lhe enviromenlt

around Lhe lTacilitly.

-16-
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Trucks are leaving.

Q70b llere, the wheels of Lhe lrucks carrying wasles to Lhe

sile are washed before leaving the facilily.

i A

Soil covering

071 For every 3m of compacled wasle malterial, a S50cm Lhick

cover layer of soil is placed,

Q72 Disposal, compaclion of wasles, and placing of soil cover

arce repeated in this fashion Lo manage Lhe wasle.

fe 2 28 K <

Trealmenl of wasle is conlinued.

Q73a Thus, the huge wasle disposal facility will be filled by

municispal wastes.

'i
Q73b The expense for Lhis facilily is paid by local Laxes.

-17-
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Lrucks are lecaving.

Q74 It is necessary

f[or all

of us Lo Lhink and Lo discuss how

to reduce Lhe amount ol waste.

Municipal wastes
problenm in our daily

We musl make an

arc

life.

ellfort Lo

it is important thatl we

problem we should all

T RAA BNV
End Title

Y-

becoming a wmore and more serious

produce less and reduce wasles.

all consider waste disposal as a

parlicipalte in solving.

-18-



Standard Section of Slope

Filter Drain

Shotcrete Layer
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INTRODUCTION

Inapppropriate management of hazardous industrial wastes 1is
becoming a very serious problem in many developing countries
because of their rapid industrialization. Malaysia is no
exception to this although the Government of Malaysia has
been making tremendous efforts to establish their appropriate
management system.

At present there are no specialized facilities in Malaysia
for the treatment and final disposal of these wastes. As
such they are requested to be stored by generating industries
until the time of installation and operation of - specialized
facilities.

However, bhecause of the soaring storage cost and weak
monitoring system, some of these wastes may be dumped in
muniecipal landfill sites or other clandestine places causing
irreversible damages to the environment, To make the
situation worse, Local Authorities are not prepared to deal
with this situation technically and institutionally. The
experiences in other countries show that even after the
installation of specialized facilities this undesirable flow
of hazardous wastes cannot be easily wiped out.

So far in Malaysia, almost all discussions on hazardous
wastes have been had from the viewpoint of Federal
Government. However, as understood from the above mentioned,
it is also important -to analyze this preoblem from the
viewpoint of Local Authorities which are responsible for
municipal solid waste management. And this new approach will
pave Lthe way to the close coordination between hazardous
waste management and municipal so0lid waskte managemont.

Under such circumstances, the Government of Malaysia through
the Ministry of Housing and Local Government (MOHLG) and the
Department of Environmental (DOE) , and the Japan
International Corporation of Welfare Services (JICWELS) which
is now taclkling the issues of industrial solid waste
management in developing countries from the standpoint of
technical cooperation have agreed to have a meeting
entitled "Malaysia—Japan Meeting On The Industrial -
Municipal S5o0lid Waste Management" in order to analyze the
hazardous wasltes bproblems from the viewpoint of Local
Authorities.



Considering that the first master plan study for municipal
solid waste management is being carried out for the Municipal
Council  of Penang (MPPP) and the HMHunicipal Council of
Seberang Perai {MPSP) by JICA Penang Study Team and that the
State of Penang 1s one of the most industrialized states in
Malaysia with urgent necessity of appropriate hazardous waste
management, this Meeting will use the case of Penang as an
example with the aim of making the discussion more practical.

OBJECTIVES

2.1 To identify the ‘"grey area" where the managemant
responsibility or capability is not clear or sufficient
through the review of both the hazardous and municipal
solid waste management systems to be established by DOE

and Local Authorities respectively.

2.2 To achieve the transfer of Japanese experiences both
positive and negative in dealing with this grey area.

2.3 To develop general consensus about the actions to be
made to deal with this grey area in Malaysia.
TOPICS TO BE DISCUSSED

1A : DMNational stragegy for municipal seolid waste management

1B : HNational strategy for hazardous waste management
1C : Tdentification of "grey area" {discussion only)
2A : Conceptual Iframework of municipal s0lid waste

management master plan for MPPP and MPSP

2B : Actual situation of hazardous waste management in the
State of Penang

2C : Positive and negative experiences in the control of the
inflow of hazardous wastes into municipal 1landfills
including the control of illegal dumpings

3 : Question of co-disposal of industrial and municipal
solid wastes

4 : Experiences on hazardous houschold waste management

Monitoring of environmental pollution caused by
municipal landfills

[#7]
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METHODOLOGY

4.1

This Beeting will be carried out using the following
methods :

4.1.1 Paper presentation {At least one paper will be
presented on each topic aforementioned except the
topic 1cC.)

4.1.2 Round table discussion under the chairmanship of
moderators

4.1.3 Drafting of conclusions and recommendations
{(Drafting will be left to the drafting committee.
The members whereof will be appointed during the
Meeting.)

Ten (10) papers will be nresented by the agencies and on
the topics as shown below :

4.2.1 HMinistry of Housing and Local Government (MOHLG)
(Malaysia} ..... 1A

4.2.2 Department of Environment (Malavsia)
sresrrrse.aae 1B, 2B

4.2.3 Municipal Councils of Penang and Seberang Porai
({MPPP and MPSP) ...... 2C

4.2.4 JICWELS ....... 1A + 1B, 2A, 2C, 4, 5

4.2.,% PEPAS/WHO ....... 3

Four (4) moderators from MOHLG, ©DOE, JICWESLS and PEPAS
{one eachj will chair the Meeting (half day each).

Rapporteurs will be assigned from the staffs of WOHLG
and DOE.

The Technical Section of the Local Government Division,
MOHLG will work as the Secretariat of the Meeting.

The ' tentative programme of the Meeting is given in
Appendix.
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PARTICIPANTS

5.1

Twenty (20) persons will be invited to sit at the round
table including the moderators and speakers. The
breakdown is as follows

5.0.0 MOHLG v svvesssseesmessaesmannnnnns 3

5.1.2 DOE ...... Cheaeees et e eas 3
5.1.3 MOH ........... e |

5.1.4 EPU (Social Section) ......veoeveeva.. 1

5.1.5 Penang State Government ........... .1
5.10.6 HMPPP .1ttt ertnnananrnanassannasnanss 2
5.1.7 HMPSP ....... e A 2
5.1.8 JICWHELS ........... e e e e e mue 5
5.1.9 PEPAS/WHQ ........... et 2

Approximately thirty {30) observers will be invited Ffrom
Federal and State Government, Local Authorities and
other related agencies. Obsexrvers may bhe allowed to
participate in the discussion if the moderators think
it ig convenlent.

The total number of participants will be arocund fiftcy
(50).

AND PLACEH

This Meeting will be held from 26 to 27 Qctober 1988 at
United Nations Room, Regent Hotel, Kuala Lumpur.

DEADLINE FOR PAPER SUBMISSION

7.1

All papers should not exceed thirty (30} pages (A4
double szpace). Malaysian writers should submit their
papers to the Secretariat by 30 August 1988.



Programme of
Malaysia-Japan Meeting On The Industrial -
Municipal Sclid Waste Management

Kuala Lumpur, 26 - 27 October 1938

I
Time ]
Date ' Morning Afterncon
]
i
26 October 1988 ~ Registration ~ Tapics 1C and 3
(Wednesday) ~ TInauguration

- Topilcs 1A and
1B

27 October 1988
{Thur=sday)

- Topics 2A, 2B
and 2C

- Topigs 4 and 5
- Closing
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(First Draft)

SEMINAR/WORKSHOP
ON
THE FORMULATION AND IMPLEMENTATION OF
MUNICIPAL SCLID WASTE MAWAGEMENT MASTER PLANS
27 - 31 March 1989

June 1988

st

Technical Section
Lutnl Government Division

Ministry of llousing and Loc¢nl Government



INTRODUCTION

S¢lid waste marvice ié the most expensive service
in many Local Authorities in Malaysia. Although substantial
amount of reaourcés are committed to this service every
year, its cogt-effaectiveness is very doubtful because of
the lack of appropriate planning at short-term, middle=-

term and long-term levelas.

As such, the fcrmulation and implementation of
municipal solid waste management master plans has beun
adopted ag one of the most important strategic programmes
in the recently launched Action Plan for a Beautiful and
Clean Malaysia (ADBC).

Through this programme {(Programme 3 : Master Plans

for all Municipal Councils), ABC tries to formulate and

implement master planc in all Municipal Councils in Peninsular

Malaysia (15 in total) by 1995. The firat step of this
programme is the formulation of a model master plan which

is now being carried out by a JICA Study Team for the
Municlpal Councils of Penang and Seberang Perai. Also

in the first step, a part of the immediate improvement

plan will be put into practice even before the completion

of the study. The. second step is to traafer this valuable
experiences and know-how of master plan formulation and
iﬁblamentation.&om the aforementioned two Municipal Councils
to the remaining thirteen Municipal Councils and from

foreign consultants to local consultants.

As a part of the above mentioned second step, a
five~day seminar cum workshop will be held in Georgetown
in March 4989 in conjunction with the submission of Draft
¥inali Report of the Study under the auapices of Japan
International Cooperation Agency (JICA) and the Maluysian

Government,
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OBJECTIVES

2.1

2.2

23

2.k

To publicize through one day seminar the conclusions
and recommendations of the Solid Waste Management

Study for Pulau Pinang and Seberang Peral Municipalities.

To convince the delegations of fourteen (14) Local
Authorities with the imminent necessity of macter plan
formulation and implementation through a four-day

workshop.

To glve a practical guidance on master plun formulation
and implementation to the delegations of fourteen (14)
Local Authoritles as well as local consultants through

4 four-day worlksahop.

To get the delegations of fourteen (14) Local Authorities
to prepare respective action plans for the formulation

and implementation of master plans.

VENUE AHD DATE

3.1

3.2

Venue ¢ An international hotel in Georgetown
Date ¢ 27 - 31 March 1989

Seminar (27 March 1989)
Yorkshop (28 - 31 March 1989)

PARTICIPANTS

b1

Seminar (27 March 1989)

-~ Member uagenclies of the Stecrlng and Technical
Comml ttees of the Master Plan Study for MPPF &
MPSP

~ Delegations of all Municipal Councila and Dewan

Bandareya Kuala Lumpur
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- Local universities

~ Vehicle and equipment manufacturers

- Mass mediam

(100 - 15C in total)

k.2 tVorkshop (28 - %1 Merch 1989)

= Delegations of all Municipul Councils &nd DBKL :
Fach delepgation consists of the Secretary (or
Deputy Secretmry) and the Diractor of Health
Dapartment (or Urban Services Department).

(16 x 2 = 32)

- Local congultants (8)
(40 4in total)

PROGRAMME

A tentatlve programe of the five-day seminar
cum workshop ios wshown in ANNEX 1

HANDOUTS AND TRAINING MATERIALS

In the seminar, the copy of executive summary of
the Draft Final Report will be distributed as a handout.
(Subjected to the approval of EPU and Penang State Government)

In the workshop, a 50 page manual for the formulation
of municipal solid waste management master plans will be
distributed to the participants. This manual will be developed
by JICA Study Team and thelr Malaysian counterparts basgod
on the experience of the Study.
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GROUP WORK

Fourteen (14) delegations will be requested to

work out actions plans for the formulation and implementation

of master plans for thelr regpective Local Authorities
thvough the group work. The .staffs of MPPP, MPSP and the
Technlcal Section as well us JICA Study Team members and
local consultants will be attached to these delegations as

regource persons forming fourteen (14) groups in total.

The puideline for the preparation of action plans
will be slhown in the first session of 28 March 1989
(Mechanism of tne Workshop). Because of the limitation
of time, only four (4} groups will be given a chance to
present thair action plans in the last session of 31 March

1989,

FINANCING

It 1s hoped that ull the costs of the flve-day
seminar cum workshop except the oneg for travel and accomo-

dation of Malaysian participants be kindly covered by JICA,.



1989 (Mondav)

27 March

08B : 0O - ©9 : 00
09 : 00O - 09 : 3C
09 : %0 - 10 : 00
10 3§ 00 - 410 1 30
10 3 30 - 11 ¢ 00
11 : 00 = 11 3 45
11 3 45 « 42 1 30
12 3 30 - 1% : 00
1% 1 00 - 1% 3 10
1% 3+ 10 - 14 : 20
1% : 20 -~ 14 ¢ 30
M4 ¢+ 3¢ « 14 : 4O
1% : 40 - b ¢ 5O
%4 ¢ 50 - 15 ; 00
15 § G0 = 15 35 15
15 ¢+ 15 = 16 3 00
16 3 00 - 16 3 15

ANNEX 1

PROGRAMME

Registration

Inaupguration : Speeches by
- JICA Resident Representative
- Penang State Secretary

- Secretary General of the
Minletry of Housing and
Local QGovernment
Coffee Break

Presentation of ABC (by the Technical
Section of the Local Covernment Division
Ministry of Housing and Local Government)
An overview of JICA Study

(by Prof. Nalto, Chairman of JICA
Advisory Committee)

Prosontation of the Master Plan
(by JICA Study Team)

Presentation of the Feasibility Study
{(by JICA Study Team)

Lunch

Comments from MPPP

Comments from MPSP

Comments from P;nung S5tate Qovernment
Commants from the Ministry of Health
Comment from DOE

Comments frum the Ministry of Housing
and Local Government

Coffee Break

Q & A

Closing



Mechanism of the Workshop (by the
Tachnic¢al Section)

Lecture 1 : Tlow-diagramme of master
plan formulation and implementation
(by JICA)

Coffee Break

TI.ectura 2 : Presgent condition survey

by JICA)
Topic 1 : Solid waste analysis
(by the staffs of MPPDP)

Lunch

~J

Field visit (MPPP)

28 March 1989 (Tueséay)
08 : 30 -~ 09 : 00

09 ¢+ 00 -~ 10 ¢ QO

10 ¢ Q0 - 10 ¢ 15

10 33 15 - 11 ¢ 15
1315 - 123 15
215 - 13 : 45

1% ¢+ 45 ~« 17 ¢+ 00

29 March 1989 (Wednaesday)
08 : 30 - ©C9 : 30

09 : 30 - 10 : 30

10 ¢+ 30 - 10 t 45

10 ¢+ 45 - 11 : k5

1M1 : 45 ~ 13 ¢t 15

13 : 15 - 18 : 00

Locture 3 : Identificatlon of problems

(by JICA)

Topic 2 ; Collection productivity
improvement baged on the use of a
weighbridge (by the staffs of MPSP)
Cuffee Break

Lecture 4 : Projection of planning
Tremework (by JICA)

Lunch

Fiold visit (MPSP)



March

30 1989 (Thursday)
08 : 30 « 09 3 30
09 : 30 -~ 10 3 30
10 3 30 = 10 : 4s

10 : 45 ~ 11 : 45

1M 45 - 123 45

12 ¢ 45 - 14 : 00

14 : 00 ~ 15 : 00

15 ¢ 00 -~ 47 : 00

31 March 1989 (Friday)
08 : 30 - 09 : 30

0Y : 30 - 10 s 30

10 ¢t 30 - 10 1 45

10 ¢ 45 -~ 12 1 15

12 : 15 - b ¢ 45

M4 3+ 45 - 15 : 45

15 1 45 - 16 : 15

Lecture 5 : Determination of reasonable
serv¥ice level (by JICA)

Lecture 6 : Possible syotem alternatives
and their advanteges and disadvantages
{by JICA) :

Coffee Draalk
Lecture 7 : Selection of the cost-effective,
technically feasible, environmentally sound
and socimlly implementable combination of
system alternatives (by JICA)

Lecture 8 : Formulation and implementation

‘of the Immediate Improvement Plan (by

JICA)
Lunch
Lecture 9 : Feasibility Study (by JICA)

Group work ¢ Action plan formulation

Lecture 10 : Implementation plan
(Institutional and financial arrangement,
personnel .training, eguipment procuremunt,
etc,)

Lecture 11 : BIA of strategic facilities
cf solid waste management {by JICA)

Coffee Break

Group work (continued)

Lunch

Fresentation of Action Plans (4 examples)

Closing
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