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Landfilling as a Necessary Element of modern Sustainable
Waste Management

Paul H. Brunner, Vienna University of Technology, Austria

Every year, millions of tons of materials are being exploited from the earth crust, and
processed into consumer and capital goods. After decades to centuries, most of these
materials are ,lost*. With the exception of some pieces of art or religious relics, they are not
engaged in the consumption process anymore. Where are they?

This question is both of economic and environmental relevance. Except for gold, plutonium
and a few others, we do not know the answer. It is amazing, how little is known about the
metabolism of the anthroposphere, a newly emerging discipline relevant to environmental
science and pollution control. In order to make best use of materials and to prevent long-term
environmental pollution, comprehensive information is needed about the flows of materials
into, within and out of the anthroposphere. In particular, it must be ensured, that only such
flows leave the anthroposphere, for which there are appropriate final sinks available.
Compared to the well known millions of tons of minerals exploited from the earth crust, the
amount of corresponding materials which have been disposed of in appropriate final sinks is
hardly known and estimated to be quite small.

For future materials management in view of resource conservation and environmental
protection, the following first assessments of today’s anthropogenic metabolism have to be
taken into account:

¢ The rate of anthropogenic utilization of many materials exceeds the natural, geogenic flow
rates of erosion and weathering. This rate is still increasing despite global recession and
efforts of ,dematerialisation®. Thus, regionally and in some cases even globally, the large
man made flows interfere with geogenic flows and stocks. It can be assessed, that for
some materials, the limits to consumption are set rather by the need for dissipation and for
appropriate final sinks for the residues than by the scarcity of the resources. Examples are
carbon and the corresponding greenhouse gas CO2, CFC’s and the depletion of the
stratospheric ozone layer, the use of lead in gasoline and others.

e Because of the introduction of cleaner production, emissions from final consumption are
becoming relatively larger than emissions caused by production activities. In the long run,
the abatement of emissions from consumption processes will appear more important and
more difficult than from production processes. This is due to their non-point source
character and because of the need for completely new systems, e.g. for energy supply,
transportation or surface protection.

¢ The input of goods into the anthroposphere is much larger than the output, resulting in a
rapidly growing stock of materials in urban areas. Today’s emissions to the environment
(including wastes) are small when compared to the input into the anthroposphere. Most
materials, which have been exploited in the past centuries, are still
»hibernating“ somewhere in the anthroposphere. This huge stock will have to be managed
carefully, because the potential for future flows to the environment as well as for future
resources is high. An example of this large stock is, that even after twenty years of
prevention and avoidance strategy, the amount of heavy metals flowing through urban
waste management is still the same.

In summary, a first rough answer to the question posed in the first paragraph is, that most of

the materials ever exploited are still within the anthroposphere. They will be determining our
future as resources as well as pollutants, too. If the bulk of these materials is dissipated to
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4 Management of Leachate and Gas in Landfills

water, air and soil instead of being transported to appropriate final sinks, the future loadings
of the environment will be unacceptably large and increasing.

As a consequence, a new material management is needed. Environmental science must
become an essential part of material science. Ecological evaluation of materials should
include potential changes in the speciation during the life-time of a product as well as during
storage of the material in the intermediate or final sinks soil, sediment and landfill. They both
may change considerably over long time periods due to natural as well as anthropogenic
impacts, e.g. acidification and eutrophication. Hence, a sink may not be a final sink in long-
term perspectives!

The new goals for the design of products, processes and systems are, that only three kinds
of residues are generated: ,Clean” products for recycling, sustainable emissions (which
eventually will be mineralized or transported to final sinks), and residues with final storage
quality. All stocks and pathways including dissipative flows and waste flows, flows to
intermediate sinks etc. have to be taken into account in future design. Decisions about
material alternatives can be taken only if the fate of a material from the source to the final
sink is known. Analysis and modeling of total material flows and stocks for long time periods
needed. The search for the final sink for all materials used in goods, processes and systems
will be an important design consideration. If no appropriate final sink can be assigned to a
material, it should be phased out and replaced.

Recycling is only an intermediate solution for such materials. It does prolong the residence
time in the anthroposphere, but for thermodynamic reasons, recycling cannot prevent the
final need for an ultimate sink. Recycling can be an excellent means to reduce the overall
environmental impact of those materials, for which an appropriate sink can be assigned to.
The primary production of a material is usually the most energy and materials intensive step
in a production chain. Thus, the increase of the use of a material by extending the lifetime
and/or by recycling can decrease both emissions and the need for new primary energy and
materials, as well as the need for final sinks. So far, recycling has been looked at from a
process technology point of view. In future, it has to be integrated on a large scale into the
design of new goods and systems. The minerals in a modern urban system can be extracted
efficiently only if there is information available about the density and location of these
minerals. As in geological exploration of natural resources, specific tools are needed to
identify and locate valuable ,urban ores®. Future urban areas may well develop their own
methods to design and manage their material resources, including appropriate final sinks.

The most important “final sink” for many materials are landfills. It is one of the main
objectives of sustainable waste management to direct materials that cannot be recovered to
such landfills. However, ordinary landfills containing municipal solid wastes (MSW) are not
final sinks (see papers by Ddéberl and by Fellner), they leach materials such as organic
carbon compounds, nitrogen compounds, salts and under certain circumstances heavy
metals for very long time periods (>1000 years). In order to become a “final sink” (or “final
storage landfill’, as they are sometimes called), a landfill has to fulfill the following
prerequisites: 1. Wastes have to be mineralized and transformed prior to landfilling so that
they become immobile, non-soluble, “stone-like” materials that cannot be transformed to
soluble substances in a landfill environment. 2. The landfill has to be located in an area that
is not subject to heavy erosion or other geological and tectonic activity. Such “final-storage”
landfills are able accommodating pollutants and residues that either cannot be recovered or
that are products from waste management not suitable to enter a next economic cycles.
These landfills are a necessity for any modern economy since these economies are based
on the production and utilization of hazardous materials, too, and since these dangerous
materials have to be disposed of safely and environmentally sound.
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Ideal Feature of Landfill in Recycle Oriented Society -
Japan's Strategy -

Yasumasa Tojo, Waste Disposal Engineering (WDE), Hokkaido University, Japan

ABSTRACT

"The Basic Law for Establishing the Recycle-oriented Society" was enacted in May 2000 in
order to change Japan to the Recycling-based Society in the 2Ist century. Quantitative
national target regarding reduction of waste disposed of into landfill has been set clearly.
Hereafter, various attempts will certainly be made for achieving it. However, waste to be
disposed of into landfill will never be eliminated completely, so landfill will exist as an
indispensable infrastructure even in recycle-oriented society. As a matter of fact, to construct
landfill has been becoming extremely difficult in Japan, today. This is because severe
opposition from resident always arises despite the condition that candidate site is limited.
Dealing with current situation by conventional concept of landfill is no longer promising. A
drastic paradigm shift is requested to us. The landfill research group in Japan Society of
Waste Management Experts (JSWME) conducted a research aiming at establishing future
concept of landfill suitable for recycle-oriented society. This report is intended for introducing
outline of the research. Therefore, after showing current state of waste management in
Japan, various issues we are facing now are explained. Then, important conditions that
future landfill should fulfill are provided, and new concept of landfill proposed in this research
is presented, finally.

1. INTRODUCTION

The waste problem had become a big social issue in the end of 20th century in Japan,
because many unfavorable incidents became obvious, such as illegal dumping of industrial
waste, improper waste treatment, emission of dioxin from incinerator, suspicion of leachate
leakage from the controlled-type landfill site, etc. These incidents made the construction of
waste management facilities more and more difficult. Especially, siting new landfill has been
put in an extremely difficult situation because of severe opposition from residents. Although
waste generation has been maintained at almost constant level in a last decade, capacity of
disposal site hardly increased. It was serious situation that there is only tiny exit for huge
amount of wastes generated. Interim measures of minimizing and stabilizing wastes by
advanced treatment technologies has been taken. However, these countermeasures were
quite costly. The issue was not settled fundamentally, better solution had been desired.

With this situation as a turning point, "The Basic Law for Establishing the Recycle-oriented
Society" was enacted in May 2000, in order to change Japan to the Recycling-based Society
in the 2Ist century. It aimed to switch social system of Japan from the society of mass
production, mass consumption, and mass disposal, to the society of appropriate production,
appropriate consumption, and minimum disposal. In this Law, the first priority is awarded to
reduce of waste production. If production of wastes is not avoidable, wastes are regarded as
recyclable resources. Then reuse and recycling of them are given second priority. If it is not
possible to reuse/recycle, recyclable resources have to be appropriately disposed of at
suitable treatment/disposal facilities. This appropriate disposal is located at third priority.
Such hierarchical concept is almost the same as the fundamental strategy of some other
developed countries.

Yasumasa TOJO

Ideal Feature of Landfill in Recycle Oriented Society - Japan's Strategy -

Waste Disposal Engineering (WDE), Graduate school of Engineering, Hokkaido University
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6 Management of Leachate and Gas in Landfills

Because the lack of landfill capacity is major issue particularly in Japan and landfill tends to
be considered as environmental burden, reduction of the amount of wastes going into landfill
is recognized as one of the most important problem so that quantitative national target was
set. In the past few years, the amount of waste disposed of in landfill tends to decrease
gradually. However, it is evident that entirely vanishing wastes from our world is not possible
even if its reduction is promoted along the national target, because some residues are
inevitably generated. In that case, how can we procure requisite landfill capacity? By what
means can we sweep away negative image held by citizen? What type of landfill is suitable
for managing the wastes generated from recycle-oriented society? In order to answer these
questions, it seems to be necessary to establish new concept of landfill different from
conventional one. It may perhaps include proposals for up-stream industry, or requests of
revolution to whole waste management system, because the system should be optimized for
fulfilling the condition of sustainability.

Landfill research group in Japan Society of Waste Management Experts (JSWME) had set
"Ideal feature of landfill in Recycle-oriented society" as a theme of research project in order
to find the solution to various problems now we are facing. And the project was carried out
from 2002 to 2004 by Japanese experts engaged to landfill. This report is intended to
introduce some parts of the project.

2. CURRENT STATE OF SOLID WASTE MANAGEMENT IN JAPAN

In this section, definition of solid waste and classification of landfill is described first, because
this information seems to be indispensable for understanding the current situation in which
we stand. Then, generation of waste, trends of waste treatment, and situation of final
disposal are explained, based on statistics of Japan Ministry of the Environment.

2.1 Definition of solid waste

By the Law, solid waste is classified into two categories; 1) Municipal waste, or General
waste, and 2) Designated industrial waste (DIW). The latter consists of 19 kinds of solid
waste generated from industrial activity and a stabilized waste of them for final disposal.
Municipal solid waste (MSW) consists of household waste, city cleansing waste and
business waste other than designated industrial solid waste. The classification of MSW is
different in each municipality. But typical classification is shown in Figure 1.

—Specially controlled Domestic wastes
—Household Wastes———

Human Excreta —>Recyclable Waste
Wastes— »MSW- ——>Bulky Waste
———Hazardous Waste
Other business wasti
J — > Common Waste
L Industrial Wastes:

—>Combustible Waste

LDesignated Industrial Waste(DIW) —Incombustible Waste

—»19 kinds of Waste specified in the Law
including (1)Cinder, (2)Sludge, (3)Waste oil, (4)Waste acids, (5)Waste
alkali, (6)Waste plastics, (7)Waste paper, (8)Waste wood, (9)Waste
textile, (10)plant and animal residue, (11)Residue from slaughter,
(12)Waste rubber, (13)Metal scrap, (14)Glass and ceramic waste,
(15)Slag, (16)Waste concrete from C&D, (17)animal excrement, (18)
Dead animal from livestock industry, (19)Soot and dust, (20)and the
stabilized waste of above 19 types of industrial waste.

L—»Specially controlled industrial wastes
Figure 1 Classification of solid waste in Japan under the "Waste Management and Public Cleansing Law"
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2.2 Classification of Landfill

There are three types of landfill in Japan according to the
degree of control: Least controlled type (Type-1),

Table 1 Acceptance criteria of waste
for the controlled site (Type-2)
Limit value

Element/Compound

Controlled type (Type-2), and strictly controlled type Unit: mg/L
(Type-3). Although each landfill is not numbered in the  Alkylmercuric compounc ~ N.D
Law, | assigned number to each for facilitating Igerc‘?ry 0.005
. T admium 0.3
identification. Lead 03
Organic phosphorous 1

As mentioned above, there are almost 20 categories in ~ Cromium(VI) 1.5
industrial solid waste. It is defined that each of them has érse‘?zic 0i3
to be disposed of into specified landfill. Among the 20 P(})/gfnclhleorinatedbipheny] 0.003
kinds of the DIW, five kinds of wastes are specified as  Trichloroethylene 03
having stable/inert characteristics in the Law. Only this Tetrachloroethylene 0.1
kind of wastes is permitted to be disposed of in the least ~ Dichloromethane 0.2
controlled site (Type-1). On the other hand, DIW, which %r%‘l’?htlztrrgg‘;;’:ede Oo'(f
has hazardous characteristics, has to be disposed of in | |_gichioroethane 02
the strictly controlled landfill (Type-3). Hazardous cis-1,2-dichloroethylene 0.4
characteristics of the wastes are judged by acceptance  1.l.ltrichlorocthane 3
criteria (Table 1) of Type-2 by conducting the leaching Bilcfltgr%hlro;";ha“e 8'83
test (JLT-13). Other industrial waste and municipal solid Thiuramp P 0.06
waste are landfilled in the Type-2. Required structure,  Simazine 0.03
operation method, and monitoring protocol are regulated = Thiobencarb 0.2
by technical standard for each type, respectively. Figure 2 g;‘giﬁ; 8;

shows the conceptual diagram of each type of landfill.
The outlines of each landfill are as follows.

Type-1: Least controlled landfill

Since inert and non-hazardous wastes are disposed of and they are supposed not to cause
any pollution, the least controlled landfill does not have to equip leachate collection and
treatment system. Moreover, they don't have to equip lining system. The following wastes are
allowed to be disposed of in this type of landfill: i) Waste plastics. ii) Waste rubber. iii) Waste
metals. iv) Waste glass and ceramics. V)
Waste concrete from C&D work. A dumping
yard to inspect waste characteristics has to
be provided to check wastes. Inside pore
water and outside groundwater should be
analyzed on a regular basis to monitor the
impact on environment. Wastes from C&D
work of which IL exceeds 5% is also
prohibited for landfilling.

Rainfall drain ditch

Dumping
yard for

inspection Sampling

equipment for

” Monitoring well
penetrating water

for groundwater

Type-1:Landfill for inert(stable) DIW, (Least controlled site)

Structure that Ca;l Concrete coy
be inspected by
=
Impermeable P
liner ' i
Mog:ntlprmg well for
Leﬁchate i storage pondy, | Liner with water—'proiof an, groqnlélwater
(cio lection an Pl ! corrosion resistanice : =, Pl
rainage pipe Groundwater Monitoring well for material [ VAV \

drainage pipe groundwater Outside concrete wall

Type-2: Landfill for non-hazardous DIW and MSW,
(Controlled site)

Figure 2 Conceptual diagram of each type of landfill

Inside concrete wall

Type-3: Landfill for hazardous DIW, (Strictly controlled site)
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8 Management of Leachate and Gas in Landfills

Type-2: Controlled landfill for non-hazardous waste (MSW landfill)

In this type of landfill, solid waste, which is non-hazardous but results in organic burden, can
be disposed of. Leachate collection and treatment is required whether or not there is a
chance of water pollution. Wastes which fulfill the acceptance criteria (Table 1) is allowed for
landfilling. If it exceeds the criteria even in no more than one item, the waste has to be
disposed of in Type-3. It is also necessary to equip the lining system and gas ventilation
pipes. Furthermore, leakage detection system is usually installed at recent landfill. Because
the disposal of wastes containing organic substance is allowed, semi-aerobic structure that is
thought of as suitable for early stabilization is widely used in Japan. When active operation
period comes to an end, landfill will be closed. However, post-closure care is obligated.
During post-closure care period, ordinary maintenance is continued, and leachate
constituents, gas composition and temperature within landfill have to be monitored. If these
indices fulfill the criteria for terminating post-closure care, maintenance will be allowed to
cease. However, it will be designated as "specified land which used to be a landfill" by the
Law. Hence, regular use will be restricted. As a matter of fact, it is considered that this
principle is one of significant causes making siting of new landfill difficult.

Type-3: Strictly controlled landfill

Strictly controlled landfill is a landfill to be isolated from water body and ground water
because waste contained in this type of landfill has hazardous characteristics. There is a
controversy over whether strictly controlled landfill is a landfill or not. Wastes contained in
this type of landfill will not be stabilized. Long-term maintenance is necessary to prevent the
occurrence of risk. Therefore, there is strong opinion that the strictly controlled landfill should
be considered as temporary storage.

2.3 Current situation of waste

)
management in Japan g * [ Directly Landfilled %)
=
Hereinafter, recent trend of generation and % ) I I Ikl I I I i ifnf il Hﬂl%)
treatment of MSW and DIW are described, & 4 LU HMRAHMADA
respectively. ?_,g iRIRIRRi Recycling
Trend of Municipal Solid Waste (MSW) R linininininininininininininti
generation and proportion treatment s &
described in Figure 3. g ol Ay
Generated amount of MSW has been keptat 2 |, Incineration 78%)
almost 50Mt/y, which is corresponding to ;
1.1kg in per capita per day basis. And from g 0 L LL
this figure, it can be said that nearly 80% of % 2§58 5355588258

MSW is incinerated and this level has slightly Figure 3 Trend of Municipal Solid Waste (MSW)
increased during the last 13 years. The generation and proportion of major treatment
proportion of direct landfilling has been
decreased from 20% in 1989 to 4% in 2002
on the one hand. In contrast, the proportion of
recycling increased. This tendency is thought
of as affected by the enforcement of various
recycling Law.

Figure 4 indicates the trends of generated
amount of DIW and proportion of
treatment/disposal.

Generated amount of DIW has been also kept
at 400Mt/y for last decade. The quantity of WH
DIW is almost eight times to that of MSW. As ‘
for treatment/disposal of DIW in fiscal year £ 53 55 2 £ £ 5 % §

o . ,
2002, 45% owere put into ,re?y,C“ng process, Figure 4 Trend of Designated Industrial Waste (DIW)
another 45% of them diminished through  generation and proportion of maior treatment
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30
Concrete 50 Soot and Dusts

Glass,Ceramic /— Slag
40

Metal
Plastic

25

20

15

10

Amount of Landfilled Waste [Mt/y]

Amount of Landfilled Waste [Mt/y]
Amount of Landfilled Waste [Mt/y]

1996
1997

1998
1999
2000
2001

Figure 5 Amount of MSW landfilled and its _ (Type 1) _ ~ (Type-2)
components Figure 6 Amount of DIW landfilled and its components

various treatment processes such as dewatering, drying, incineration, etc., and remaining
10% were disposed of in landfill directly.

The total amount of landfilled MSW has decreased gradually from 1989 as shown in Figure 5.
Especially, decrease of direct landfilling is notable, in contrast to the quantity of incineration
residue that has been kept at constant level (almost 5-6Mt/y). As described hereinbefore,
industrial wastes are designated to be disposed of in specified type of landfill by each item.
Figure 6 shows the composition of DIW disposed of in Type-1 and Type-2 landfill each other.
The total amount of waste disposed of in both landfills tends to decrease for the last few
years. In Type-1, concrete accounts for 60%.

And waste glass/ceramic and waste plastic 1g et capacity PP (MSW) T 1 OTW) |
account for 15% in 2001, respectively. In <Aalable vear (MSW) —0
Type-2, 60% of landfilled waste is accounted ~ _"* | s —/5 2005
for by sludge, and the remaining majority is Sif y Nn-nn g
soot/dust and slag. When paying attention to = L o _(y/f T A A ] 150 =
the amount of waste landfilled, both MSW and e 8 ;IYEY vl 2
DIW has become half within the last 15 years, % 6 100§,
though the amount of waste produced has & | vailable year (DIW BUIDN -
been maintained at the same level. This fact < * AL EARA T “ g,
indicates that promotion of recycling and 2 o g
various intermediate treatments brought about U LU L L 2
some advantages to the reduction of landfilled 0 s s -omzomeo2asza 0
waste. However, the remaining capacity of 222222222228 R%%

landfill is 12 years for MSW and 4.5 years for  Figure 7 Available year and remaining capacity of
DIW as shown in Figure 7. landfill

3. ISSUES THAT WE ARE FACING NOW AND WILL FACE NEAR FUTURE

The deficiency of landfill capacity is critical situation. But available land for siting new landfill
is limited in Japan because land area is narrow. Moreover, due to severe opposition from
residents, we can hardly have prospects that we will be able to keep on securing landfill in
future.

Since the conventional landfill is no longer applicable to tackle current situation, we may
need to convince ourselves that now we are being urged to review it. Therefore, to advance
toward the promising future, it is necessary to establish new concept of landfill. In order to go
for it, first of all, we have to identify the structure of the problem we face now, and find a clue
for solving problem. The one is to estimate how much capacity we should secure practically
in the future. And the other is to reflect on the reason why creating new landfill has become
so difficult. Hence, in this section, constitutive problems are assembled from four points of
view: 1) Quantitative problem, 2) Public concern, 3) Quality of wastes landfilled, and 4) Costs.

Landfill Management in Syria




10

3.1 Quantitative problem

In March 2003, the Government of
Japan established "Fundamental Plan
for Establishing a Sound Material-
Cycle Society" in accordance with the
Basic Law. It sets forth three
quantitative targets as shown in Figure
8. As for the reduction of landfilled
waste, it declares that the Final
Disposal Amount should be about 28
million tons in the year 2010 (almost
50 percent reduction from about 56
million tons in the year 2000). In
addition, the interim report presented

Management of Leachate and Gas in Landfills

GDP

(1) Resource Productivity =
Total Input of Natural Resources

=> increase to $3,714 /t (2,870 euro) in 2010 (40% up)
(RP =$2,000/t in 1990, $2,667 in 2000)

Amount of Recycle

(2) Resource Recycling Rate =
Total Input of Resources

=> increase to 14% in 2010 (4% up)
(RR =8% in 1990, 10% in 2000)

(3) Quantity of Final Disposal

=> Decrease to 28 million tons in 2010 (to make it half)

(110 million tons in 1990, 56 million tons in 2000)

Figure 8 Three quantitative national target set by
"Fundamental Plan for Establishing a Sound Material-Cycle

by 'Council on Economy and Fiscal —So¢eV"

Policy' indicated further target of 1000
decreasing the amount of final disposal to 900 |
1/10 (almost 5.6 million tons) until the year 800 | For disposal of DIW
2050. However, even if the amount of
landfilled waste is reduced along the target,
it is easily predictable that it won’t vanish
completely. Required capacity can be
calculated as shown in Figure 9, assuming
that landfilled waste will decrease along
the lines of the target. Lines in the Figure 9
indicate that the capacity of 240Mm® for 0 —
MSW and that of 890Mm? for DIW need to 19902000 2010 2020 2030
be ensured until the year 2050. At present  Figure 9 Requisite landfill capacities until the year 2050
situation, the remaining capacity is

145Mm?® for MSW landfill and 180Mm?® for DIW landfill. Landfill for industrial wastes is
absolutely scarce.

3
=3
=

600 |
500 |
400
300
200

For disposal of MSW
00‘0“006‘00‘0(00000(0

YXX¥
““““‘“
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—
(3
<

Required capacity of landfill [Mm?]

2040 2050 2060

3.2 Public concern

2
Limited siting space is a major issue for g o o
constructin_ganew facility, land soc_ial opposition by “% e ~§ g :13; TE § 5 3 E
neighbors is another. Particularly in Japan, where 3 S0 & & O 95

SWM (Solid Waste Management) facilities are 03

usually located not far from residential areas,
opposition of residents is vitally significant in siting 0 Tncinerator o
new facilities. Essentially, such opposition is
originated from demand for better environmental

Positivity
S

quality of people. But adverse sense (NIMBY) held )/J_/Landml

by them is also underlying as a principle cause.

Above all, important fact as background is that -1

landfill is disfavored from residents. So, the study to

investigate structure of resident's attitude was done. 15

The result of questionnaire survey regarding the 222 ES 3% 8
image of residents toward landfill is explained here 3 S 2 a Tg £ O 5z 3
as an example (Figure 10). The survey was =8§S 55

Figure 10 Image of SWM facilities held by

conducted to investigate difference of image toward .
residents

incineration facility and final disposal site. In the

figure, items in both upper and lower horizontal axis indicate terms associable from these
facilities. Terms at upper axis and lower axis have opposite meanings, each to each. The
term in upper axis has relatively positive image but it in lower axis has negative image. From
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this figure, it is obvious that the impression of landfill is rather negative for whole item
compared with incineration facility. And residents have images of worrying, dangerous,
offensive, dirty and unreliable with regard to landfill.

We have to perceive that changing present image of landfill and dispelling people's concern
are indispensable to increase people's acceptance level if we intend to build landfill further.
To that end, not only to elucidate the safety of landfill scientifically but also to make landfill
secure by freeing people from their anxiety has great importance. And condition of "secure"
must be recognizable by people intuitively.

3.3 Quality of wastes landfilled
Table 2 Soil

environmental

The Soil Contamination Countermeasures Law was promulgated in - .- - (content)

2002. This Law stipulates that the soil, which can't meet the (mg/kg)
environmental standard of soil, is regarded as "Contaminated Soil"  ,4mium 150
and the land containing contaminated soil is registered as  Chromium(vl) 250
"Specified Land". And it also stipulates that, if the soil is suspicious  Cyanide 50
to endanger human health or environment, appropriate  Mercury 15
countermeasure must be taken. Judgment on whether the soil is ~ Selenium 150
contaminated or not is determined by its leaching characteristics f;ead. 150

. I rsenic 150
and its content, so that there are criteria for both eluate and content. ¢ . - 4000
Table 2 indicates the criteria regarding the content. Boron 4000

Landfill has been driven to the wall by these criteria, especially concerning content. Because,
in contrast to the expectation on which eluate criteria will be satisfied (i.e. emission will
adequately decrease over the long-term), landfill is likely to not comply with criteria regarding
content. For that reason, final disposal site is not subject to this Law as long as it is controlled
as waste landfill (i.e. it is considered to be separated from natural environment). But this
paradoxically means that landfill has to “eternally” be controlled and be separated from the
natural environment, for not being identified as "Specified land".

This caused heated debates on whether disposing of wastes in landfill is the same as
creating contaminated land or not, when thinking about the state of landfill having terminated
aftercare. As for this regard, it can be said that fundamental problem comes from quality of
waste. In addition, people's anxiety is also caused by uncertainty of quality of wastes, such
as what waste is disposed, what substances are contained in landfill, and how much they are
contained. Namely, quality of wastes disposed of is significant from the viewpoint of both soil
contamination and people’s concern.

There are statistics on how much waste of each category disposed of. However, there are
not any information about kinds of substance being contained in wastes and overall amount
of these substances flowing into landfill. What substances and how much of them are flowing
into landfill should be clarified.

In this project, to grasp quantity of substance flowing into landfill, quality of every kind of
wastes was investigated at MSW landfill, and Type-1 and Type-2 of DIW landfill. Landfill of
Type-3 for DIW was not targeted. In the survey, special attention was paid on organic
content and metallic content. First, every kind of wastes was sampled at each landfill, and
then analyzed on physical composition, ignition loss, elemental composition, metallic content,
and leaching amount. After representative value of each category was obtained, overall
amount of substances flowing into landfill was calculated by multiplying analytical value to
the amount of wastes. In this report, only the results regarding metal content are explained.

Figure 11 shows metal content in waste disposed of in three MSW landfills. The data was
obtained from dividing the total quantity of each metal flowing into landfill by total amount of
waste disposed of. The total quantity of each metal was calculated by summing up each
product of metal content of each waste and the amount of each waste disposed of. In order
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to seize the difference between wastes and natural soil, Clarke Number corresponding to
metal content of earth crust was plotted. From the result, the following character were
identified: (1) Content of Ca, Fe, Al, Na, Mg, and K is almost the same as Clarke Number, (2)
Zn, Cu, Pb, Cd, and Se contained in wastes are one to two order higher than Clarke Number,
and (3) Content of Sb in landfilled waste is three order higher than Clarke Number.

Metal content in DIW landfill are shown in Figure-12. These results were obtained by the
same manner as MSW landfill. The patterns look similar to the result of MSW landfill. That is
to say, alkali metals and some metallic elements, which are major components of soil such
as Fe and Al, are contained at same level in both wastes and soil. However, hazardous
metals, such as Zn, Cu, Pb, and Sb are contained much in landfilled waste. Their contents in
Type-1 are slightly higher than that in Type-2, although least control is only required in Type-
1. These results imply that landfill, in which now we are disposing of waste, will be what is
different from ordinary soil. This can be said in common for both types of landfill.

1000000 1000000
100000 @ MSW landfill 100000 |

DIW landfill

10000 | 10000
1000 | 1000 |
100 | 100 L

10 10 t

A Landfill-A
1 r| O Landfil-B

A Type-2

total amount of each metal
/ total waste landfilled [g/t]

® Landfil-C O Type-l
0.1 —>¢— (Clarke number 0.1 —><— Clarke number
00 ——-~+—"— 4ttt 001 bl
Ca Fe Al Na MgK Zn Mn Cu Pb Cr Sb Cd As Se Ca Fe Al Na Mg K ZnMn Cu Pb Cr Sb Cd As Se
Figure 11 Metal content of landfilled waste Figure 12 Metal content of landfilled waste
disposed of in three MSW landfill disposed of in DIW landfill

Each landfill type was defined by taking into account active phase of the landfill including
operation phase and aftercare phase. Also, kinds of wastes acceptable for each landfill as
well as technical standards for operation procedure were defined from the thought of
minimizing environmental impact during the life of landfill. In other words, they were not
basically defined from the viewpoint of future prospects. Namely, definition of landfill was to
have had to be established with taking into account the aspect of when landfill ultimately end
its life. Waste landfill is not a transient facility, but will be to remain at that place forever.

In the past when every waste was to have been assimilated to soil, end of life of landfill
meant reacquisition of natural land. However, today, many wastes are different from soil so
that assimilation of them into soil is hardly expected. Therefore, we have to reconsider
definition of landfill in combination with characteristics of waste that should be disposed of.

3.4 Cost N Lin $/]
& R” = 0.4801,n=40
=257
An environmental impact assessment (limited to o /o -1200
air, water pollution, odor, noise, and vibration) has g 20 Jiso
been mandatory for all landfills regardless of size 215
since 1997. For environmental protection, "The E J100
standard of landfill structure and maintenance" z T
was revised and became stricter. Effluent quality % 5 =50
must be lowered enough than standard and higher g 0 0

performance is required in order to receive a
1970 1980 1990 2000

subsidy from the government. As consequences, Year
construction costs have soared recently as shown Figure 13 Increase of initial cost as for MSW
in Figure 13. landfill (Type-2)
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Administrative and maintenance expense is also going up with increase of construction cost.
Therefore, the charge for disposing of waste in landfill is soaring. For example, it costs from
10,000 yen to 40,000 yen ($90-$360) at landfill of Type-1 for disposal of 1 ton of waste. And
it costs more in Type-2: from 20.000 yen to 50,000 yen ($180-$450) for 1 ton of waste. This
charge has to be paid by person who is brings wastes to landfill. As results, such a sharp rise
of disposal charge has caused illegal dumping.

4. CURRENT MOVEMENT

Various measures are being taken to contend with serious situation explained hereinbefore.
In this section, current movements of these countermeasures are outlined.

The crucial deficiency of landfill and severe opposition from residents for construction of new
landfill are forcing us to choose the following two alternatives: 1) To provide over-
instrumented landfill, 2) To eliminate waste to be landfilled. Both approaches are being taken
nowadays.

4.1 Feature of landfill recently accepted by residents

From the planning phase at when explanation to local residents is mandatory, there is no
hope for conventional type of landfill to receive acceptance from residents. Thus, recent
landfill has to be heavily-loaded
facility, such as to install over-tight
liner system, to equip excessive-
stringent monitoring system, and to
have a roof and wall made of steel.
Figure 14 shows external and
internal view of facility with roof, so-
called "Closed system landfill". The
number of this type of landfill is
increasing little by little at the place
where demand for environmental
conservation is high. Kinds of
wastes disposed of are not
hazardous one but ordinary waste
commonly disposed of in Japan,
such as incineration residue,
shredded residue, etc. The disposal
site Of, this ty_pe IS aiming at Figure 14 External and iternal view of landfill with roof, so-called
decreasing environmental burden  «ciosed type landfil

by covering the site with the roof

and the artificial ground so as to form the
closed space from the surrounding. The
feature is to promote waste stabilization
and to wash off constituents contained in
waste by supplying artificially controlled
rainfall. Moreover, it is said that the upper
part of the facility is available for various
applications even when landfill work is in
operation. Figure 15 shows conceptual
diagram.

Ventilation

Spraying

Control working spac
ircumstance

Promote stabilization
. L ‘Washing off constit
Figure 16 shows state of the art lining

system which is comprised of seven
geosynthetic liners. Nowadays, Figure 15 Conceptual diagram of closed type landfill
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combination of two impermeable
membrane liner and leakage detection
liner between them are usual. Leak-
proof layer which has capability of
patching up by itself is also becoming
popular one.

However there is a question whether
those landfill and equipments are
really necessary for disposing of
ordinary waste.

4.2 Efforts to eliminate landfilled waste

One of the approaches is to conduct
thorough recycling. Pouring much
energy, wastes are turned into
resources. One example is vitrification
process. In this process, substances
inputted in furnace are melted at high
temperature and turned into slag. It is
intended that the slag can be utilized in
construction  work. Heavy metal
vaporized and is condensed in fly ash. It
is also expected that valuable metal
resource is able to recover by bringing
fly ash back to the smelter. The concept
of waste management and recycling
system on which melting-process is
centered is shown in Figure 17. The number
of ash-melting furnace and gasification-
melting furnace are increasing recently.
Figure 18 shows recent trend of their
increase. Especially, gasification-melting
furnace are being favored by small
municipalities which had to shut down their
small incinerator due to dioxin problem. But,
in fact, many furnaces are encountering
trouble concerning operation. Also, the
quality of slag is not better than having been
expected so that utilization of them is not
spreading at present.

Cement industry and iron industry are
interested in waste management. Cement
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Protection layer (light blocking)

Impermeable membrane liner
Geotextile

Conductive mat (Leakage detection)

Impermeable membrane liner

Leak-proof sheet (Self patch-up)

Geotextile

Base ground (Low permeability)

-

Figure_ 16 State of art lining system in Japan
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Figure 17 Schematic diagram in which melting process is
centered
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Figure 18 Number of melting facility constructed in
Japan

industry has been treating several industrial wastes, such as blast furnace slag from steel
plant, coal dust from thermal power plant, etc. as feedstock of cement. They are promoting
receiving of other wastes, like incineration residue. Iron industry is receiving waste plastics

as alternative reductant of coke.

Promotion of recycling is thought to be suitable for recycle-oriented society in one side.
However, too much recycling with pouring a lot of energy is being asked whether it is

sustainable, in another side.
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5. PROPOSAL FOR IDEAL FEATURE OF LANDFILL

In section 3, the important points that have to be kept in our mind on searching for ideal
feature of landfills in the recycling-oriented society were discussed. These points are as
follows;

1) It will be necessary to secure required capacity of landfill even if the amount of waste is
decreased along national target.

2) It will be necessary not only to prove safety of landfill scientifically but also to offer the
resident the sense of relief.

3) We should never make our landfill a kind of land equivalent to contaminated land.

4) In order to make the society sustainable, the cost and energy pouring into waste
management system should not be disregarded.

Landfill that can satisfy these conditions is thought of as the ideal landfill favorable to the
recycling society. If so, what sort of landfill do we have to create practically? To answer it, we
had discussed future landfill concept in detail, and finally proposed several concrete types of
landfill in this project.

5.1 Requirements that should be met

First of all, what should be emphasized on the establishment of future concept is thought to
be the following two: 1) whole system including landfill, waste management system and
social system should be sustainable, and 2) we should not leave the adverse heritage to next
generations. These two conditions are absolute necessary to be fulfilled. So, these two
points were set as important requirements in the concept of a future landfill.

5.2 Definition of fundamental role and function of landfill

Next, what should be considered was to define the essential role and function of landfill. It is
thought that there are two ideas in the concept of the substance cycle. One is a large
substance cycle by the ecosystem of nature, and the other is a cycle artificially driven by
human being. Reuse and recycling belongs to the latter, and landfill is likened to the restoring
process by which material is returned to the large cycle of the former. Thus, so to speak,
landfill should play a role of an interface of a natural cycle and an artificial cycle. When
thinking like this, the role and function of landfill is definable as the soil restitution (substance
restitution to nature). If we define the role of landfill as such, the quality of waste able to
dispose of to landfill is naturally determined. That is, it is the one that is returnable to nature
(assimilation into soil is possible). In other words, substances which are never assimilated
into the soil or which are eternally aliens to the surrounding soil must not come to the
entrance of landfill. Such materials should be recycled within an artificial cycle, or should be
stored in the facility with controlled condition (this facility is not regarded as landfill) if
recycling is not possible.

Moreover, substances which cannot be recycled even within an artificial cycle or which must
be kept for long time in the facility until a suitable recycling method is developed, should not
be produced. It may seem that this kinds of thought looks a bit radical. But we concluded
that to make a suggestion from the standpoint of landfill against upstream social system is
important in order to overcome the current situation and to create ideal society.

5.3 Separation of landfill and storage facility

Assuming that substances that enter landfill certainly return to nature, landfill will never be a
contaminated land because it means that landfill will become normal land comprised of
natural soil in future. For the sake of realizing it, to define the scope of the quality of
acceptable wastes is necessary. And the unacceptable substance other than acceptable one
should be kept in controlled storage facility and then be merged into the flow of artificial cycle.
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Hence, the definition that clearly separates the role of landfill and storage facility is needed.
Storage facility plays one part of artificial substance cycle. From the past experience
represented by the issue of PCB, it is unfortunately evident that human being can hardly take
the responsibility for the long-term storage. Therefore, the storage facility should be intended
to store substance only for short-term or middle-term. Moreover, it should be a structure that
can be clearly distinguished from nature.

5.4 Types of future landfill and their concept

The conditions that should be fulfilled by landfill are the following; contained material in it will
completely return to a soil, and it will not be a contaminated soil in future; and such landfill
will not impose a burden of maintenance for next generation. So, the acceptable wastes to
landfill should be what have similar characteristics of soil from the initial state or be what will
be the same as soil during a generation, i.e., during 20-30 years. To meet this requirement,
some landfill can be proposed.

One is a kind of inert waste landfill. But it is not the same as conventional Type-1 landfill. It
accepts only wastes similar to the soil at the time of acceptance. The kinds of acceptable
waste might include inert waste and waste of final storage quality. But the waste is restricted
not only by its emission potential but also its content.

The second is a landfill, which can make wastes stabilize during 20-30 years by using
microorganism activity and let wastes assimilate to normal soil. For that purpose, wastes
acceptable to this landfill are as follows: 1) wastes should be crushed enough, and recyclable
materials such as metals should be removed; 2) amount of plastics should be minimized; 3)
organic matters should be controlled at several percent to keep biodegradation active; 4)

Table 3 Outline of proposed landfill

Class | Acceptable waste Landfill type Explanation
Acceptable wastes are limited only to inert or stable wastes.
. Least controlled type / . .. .
1 | Inert/Stabilized Waste . Their characteristics are almost same as those of the natural soil.
Landfill for inert waste . .
Landfilling is regarded as land formation.
Only waste that This landfill accepts wastes to which the amount of the organic
corresponds to non- | Landfill for early matter is limited so that the early stabilization is possible and the
2 contaminated soil as a | stabilization: wastes that don't correspond to the contaminated soil as a content.
content with low Controlled type aiming at | Stabilization should be achieved within 30 years from 20 years. It
degradable organic early stabilization will be realized by utilizing semi-aerobic bioreactor landfill
content. structure.
This landfill accepts wastes that don't correspond to the
Waste that . . . .
corresponds to non- contaminated soil as a content. But organic content of them is not
. . Landfill for accelerated restricted. So, various measures for promoting waste stabilization
contaminated soil as a R . e
3 . stabilization: are taken. Landfill has to be designed to equip instruments to
content but contains . . . .
comparatively a lot of Bioreactor Landfill accelerate biodegradation, such as aeration system, leachate
. circulation system, etc. Stabilization should be achieved within
organic matter
30 years from 20 years.
This landfill accepts waste corresponding to the contaminated
soil as a content but non-hazardous as a leaching characteristics.
Waste that It means that prevention of harmful impact to environment is
corresponds o Long-term storage facility: | possible during operation/maintenance period as long as emission
4 P . (Only necessary for potential is low, but assurance of safety is not possible after it
contaminated soil as a " - . . . .
transition period) ends its operation/maintenance. Long-term management is
content e
necessary. It should not be landfill but storage facility.
Conventional controlled-type landfill (Type-2) is corresponding
to this.
. This landfill accepts waste equivalent to hazardous waste. Strict
Hazardous waste but | Containment storage . .
.. i control is necessary. This is absolutely not a landfill but a storage
not containing facility: Isolated type e .
5 biodegradable organic | (Only necessary for facility intended to use for short-term. Conventional type-3
y ry . . . .
& & ”,n - landfill is corresponding to this. We should shut down this kind
matter transition period) e . . . .
of facility and convert them into the facility recovering materials.
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hazardous chemicals such as heavy metals and DXN should be minimized. At present,
incineration residue is thought to be a major target to be disposed of. A lot of studies from the
elucidation of process such as mineralization, soilification, weathering, etc., to the
development of pretreatment system such as washing, separation, etc., are in progress to
examine the feasibility of this type of landfill. And semi-aerobic landfill that is major landfill
structure in Japan is expected to function effectively for early stabilization of waste. We
named this type of landfill as "Sustainable semi-aerobic bioreactor landfill with low organic
matter".

The third is similar to the second one. It does not accept wastes containing hazardous
substance, and materials that are alien to natural soil. But it accepts organic substance
without limitation and accelerates their stabilization by active method. This type of landfill is
corresponding to the "Bioreactor landfill" where the stabilization of the organic substance is
artificially achieved in a short term by the forced aeration, the leachate circulation, etc.

To our regret, the technologies are not advanced enough for us to make complete definition
of waste which should be excluded from landfill at present, i.e., even if landfill exclude
unacceptable waste, it is not always ensured that there is a way putting them into artificial
cycle because adequate recycling method is not available. Therefore, ambiguous facilities
(though this is almost the same as conventional containment type landfill) standing at the
middle of landfill and storage facility are inevitably needed for the transition period.

Arranging of above concepts, five types of landfill/facility can be proposed taking into account
the transition period as shown in Table 3. Overall image including the relation of the
landfill/facility with the society is shown in Figure 19, conceptually.

5.5 Concrete image regarding whole life of proposed landfills

RECYCLE-ORIENTED SOCIETY —l

Atrtificial substance cycle APPROPRIATE DISPOSAL <«

\ Required condition:
Natural PROMOTION OF 3R Not leave adverse heritage for next generation
substance . | L
Definitive categorization Remediation of:
cycle Strict control of input «Contaminated land
«Past landfill

LANDFILL
STORAGE FACILITY _
ROLE:Return substance to ROLE:Return substance to the large
artificial cycle of social system material cycle of nature

Short-term, middle-term 7
_-~~ REQUIREMENT: It is assured that
e it will never be a contaminated land
it will be assimilated into surrounding soil
Only necessary for

transition period
Storage for future recycling -

-
-

Early stabilization for one generation)
Criteria of stabilization is indispensable

! !

Early stabilization Accelerated stabilization
( Semi-aerobic landfill with (Bioreactor landfill)
low organics)

S _
—

Important points taken into account when these three X
types of landfill are planned and designed are: REQUIREMENT:
1) “What quality” is the wastes [Quality]

2) “How” waste is landfilled [Method]

3) “What structure” is the landfill [Container]

4) “Where” is the landfill sited/located [Location]

N

Figure 19 Overall image including the proposed landfill/facility in the Recycle-oriented society

Long-term storage &
Strict maintenance for
environmental protection is
necessary

/‘

* To have concrete plans after landfill ends its operation.
(ex. the way of utilization of the land)

* To design allover life of landfill.

* To define the role of landfill reasonable for resident.
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< Status quo >
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Design and construction

In operation

|
| Acceptable wastes are:

E Plastics, Metal scrap, Rubber,
! Concrete, Glass/Ceramics.
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1
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< Future image >

Landfill of inert waste

Plannin,
v g

Design and construction

nly inert waste is accepted.

eparation and pretreatment necessary for
making wastes inert is conducted before
carrying them to landfill.

gIIIrozrrroorrrrooozroooozrooooorinzl

| » Acceptance criteria for both of chemical and

E physical characteristic is established.

! > Acceptance test or screening test is

| obligatory

In operation

Registered as Specified land

r
'
1

1is needed.

Lo

If improvement inside of the land is 1
. '

| attempted, permission from governor !
'

'

Post-closure care
v

Termination aftercare

Not registered a+s Specified land

unlimited utilization is possible

Reestablishment of concept from least controlled landfill (Type-1) to inert waste landfill

< Status quo >

Status quo
Controlled Landfill (Type-2)

Planning

Design and construction

In operation

Acceptance test (leaching test [JLT
N.13] is obligatory

Closure
v
Post-closure care
Termination aftercare

Registered as ISpeciﬁed land

Land owner is in charge of the land

Surface use is only allowed
If improvement inside of the land is
attempted, permission from governor
is needed.

< Future image >

with low organic matter

Landfill for early stabilization:
Semi-aerobic controlled landfill

Planning
Design and construction

In operation:

-
Acceptable waste are:

|
|
! »Pretreated to decrease ( but not eliminate) of
|
|
|

biodegradable organic compound.
1 > Valuable material were separated.
! »>Physical characteristic are adjusted.
1 »IL < 5%.

1 > Satisfying soil environmental standard as
|

1 _ for hazardous substance.

Acceptance test or screening test is mandatory

Landfill for accelerated stabilization:
Bioreactor Landfill

Planning
Design and construction

In operation
»Valuable material were separated;
»Physical characteristic are adjusted;
> Pretreatment for organic substance is not required;
» Satisfying soil environmental standard as for
hazardous substance.

Acceptance test or screening test is mandatory.

O Landfill is divided into small partition for control.
O Various measures are taken for acceleration of
stabilization.(method of filling, improve gas

Closure

Post-closure care within 10 years

Termination aftercare

Not registered af Specified land

Unlimited utilization is possible
Reestablishment of concept from controlled landfill (Type-2) to two kinds of newly proposed landfill

Figure 20 The image of whole life of each type of proposed landfills

permeability, pH adjustment, etc)
Active operation for accelerating degradation of
organic compound by aeration, washing, leachate

circulation, etc.

Closure
Post-closure care within 10 years
Termination aftercare
Not registered af Specified land

Unlimited utilization is possible

Reestablishment of the landfill concept suitable for recycle-oriented society has been
discussed and the concrete image was proposed. The image of whole life of these landfills is
provided in Figure 20 with the comparison to conventional landfill.
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Summary

In this report, a research entitled "ldeal Feature of Landfill in Recycle-Oriented Society"
conducted by the landfill research group in JSWME was introduced. Purpose of the research
was to seek for the future concept of landfill suitable for recycle-oriented society. It was
confirmed that the following points are significant to have a view of future concepts.

1) Hereafter, almost 1100Mm? of landfill capacity will need to be secured in 50 years, even if
the amount of waste is decreased along national target.

2) Disgust of residents toward landfill is stronger than that toward incineration facility. It can
be said that anyhow improving the image of landfill is requisite. Moreover, it will be necessary
not only to prove safety of landfill scientifically but also to provide residents a sense of relief.
3) In order to not leave adverse heritage for next generation, we should never make our
landfill a kind of land equivalent to contaminated land. To that end, quality of waste should be
well thought from long-term point of view.

4) The cost and energy pouring into waste management system should be optimized for the
society to be sustainable.

Then, ideal image of future landfill was pursued on the premise that it should fulfill these
conditions. As consequences, it concluded that the role of landfill should be assigned as the
interface of artificial substance cycle and large substance cycle of nature. Namely landfill
should be regarded as the process of substance restoration to nature. Conventional landfill
neither has provided a function of restoring substance to nature cycle nor has played a part
of the artificial substance cycle, i.e. its role was ambiguous. Thereby, distinct definition of
landfill and storage facility is quite important. Finally, several concrete concepts of landfill
was proposed and their necessary functions were defined.

This research project was conducted from 2002 to 2004. Unfortunately, the project was not
able to reach a complete ending. Representative of this project, Prof. Tanaka, had passed
away on this March, on the way of summing up this project. So, | wrote major part of this
report from his memorandum.
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Waste Management in Syria

Amir Alboukabhri, Director of Public Cleaning , Damascus
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Management and operation of the Landfill site in Damascus

Riad Kabikli, Director of composting plants, Damascus
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Understanding the Landfill as a Reactor

Gernot Ddberl, Vienna University of Technology, Austria

1 INTRODUCTION

This paper deals with landfills for municipal solid waste (MSW) and their short and long-term
behaviour as reactors. Reactor landfills in general are characterised by reactions, chemical
and/or physical, causing emissions, which are not environmentally sound. The counterpart of
a reactor landfill is called final storage landfill — emissions from a final storage landfill should
not change natural (geogenic) flows and stocks in water, air and soil significantly during short
(years), mid (decades) and long-term (centuries and millenniums) periods (Baccini, 1989).
However, up to now final storage landfills and final storage quality of waste are just concepts.

Geogenic flow

Atmosphere ‘

Geogenic flow Groundwater

modified after Brunner (1993)

Figure 1: Principle of a final storage landfill

Residues from today’s MSW treatment technologies (mechanical-biological and incineration
plants) are not of final storage quality yet. And therefore landfills are constructed with
technical barriers to prevent harmful substances from entering the environment. But it has to
be kept in mind, that it will not be possible to prevent the interaction of the waste material
with the atmosphere, hydrosphere, and geosphere over long-term periods by encapsulating
the waste.

Three emission paths from landfills can be identified:
= Atmosphere (via landfill gas): local, regional and global (the global warming potential
of the greenhouse gas methane is 21 times higher than the one of CO,) impacts

= Soil (via leachate): local impacts
= Groundwater and surface water (via leachate): local and regional impacts
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2 FROM “BLACK-BOX” TO “GREY-BOX”
2.1 General

Often landfills and their potential harm to the environment are reduced to gaseous und liquid
emissions, i.e. landfills are dealt with rather at a black-box level. However, to estimate future
emissions from landfills and to assess their hazardous potential, information from various
fields is required:

Waste input (e.g. MSW, construction & demolition waste, etc.)
Amount of water infiltrated

Water flow pattern (moisture distribution)

Physical-chemical conditions (pH, redox)

Gas PrecipitationGas Evapotranspiration

= .
=)

Leachate

Leachate

Figure 2: From a “black-box”-model to a “grey-box”-model

Only if this information is available, i.e. only if the black-box model can be extended to a
grey-box model, the processes within the landfill can be assessed. Among these processes
the following are the most important ones:

= Physical processes — e.g. elution of readily soluble salts; adsorption

= Biochemical processes — e.g. aerobic and anaerobic degradation of organic matter
(see figure below); formation of humic substances

=  Geotechnical processes — e.g. consolidation processes (settlements)
= Chemical processes — e.g. redox-reactions; acid-base reactions; precipitation, etc.

= Geochemical processes — e.g. formation of secondary compounds; weathering
processes

= Geological processes — e.g. erosion
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Schobert (1978)

Figure 3: Anaerobic biodegradation in a MSW-landfill

2.2 Landfills as Chemical Reactors

Waste composition

Processes within landfills are mainly influenced by the waste composition, which varies
regionally and seasonally. The figure below shows the differences in the composition of
MSW from the eastern Mediterranean region on the one hand and central Europe on the
other hand.

0,
100% Other

Hazardous waste

Mineral fraction Wood
Textiles

80% -

60% -

Glass

40% Metals
Glass

20% -

Plastics +
composite
Plastics materials

0%
Eastern Mediterranean Countries Austria
Data: Chopra et al. (2001); EPA Austria (1998)

Figure 4: Comparison of MSW composition in Eastern Mediterranean Countries and Austria.

To estimate e.g. the gas emission potential, it is useful to know the waste composition rather
at a “chemical” level, like it is shown in following figure (from this diagram information about
the biodegradability of the different compounds can be deduced easily).
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Légnin [ % wet subst.]

Cellulose
16

Mineral compounds
13

Hemi-Cellulose
7

Plastics additives
3

Caré)ohyd rates

Proteins

Lipids

0 2
Auxiliary agents paper
8 Data: Neumayer (1999)

Figure 5: Composition (chemical compounds) of MSW in Austria

For substance balances, e.g. to determine the remaining emission potential, information
about the chemical composition is necessary:

Matrix elements
C,0,H

Si, Al, Fe

N, S, CI

Trace elements
heavy metals

N,S,P,Cl 21%
Na, Ca, Mg, K 4%
Si, Al Fe 3%
5%

Zn, Pb, Cu, Hg, Cd 0,2%

Data: Fehringer et al. (1997); Zimmermann et al. (1996)

Figure 6: Composition of MSW (chemical elements) of MSW in Austria/Switzerland

It can be seen that the matrix of MSW mainly consists of 3 elements — C, O and H—-and it is
the matrix, which determines the main reactions. The following figure shows the breakdown
of organic carbon, as the main matrix element, according to its biodegradability: In theory
about 50 % of the total carbon content is available for biodegradation, the rest is either hardly
degradable (like lignin) or at least within centuries nearly persistent (like plastics). In chapter
2.3 it will be shown that an extension of the landfill model from a chemical towards a
“hydraulic” reactor results in another reduction of the availability of organic carbon due to the
water flow pattern in landfills.
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Figure 7: Biodegradability of the carbon-matrix of MSW

g C,/kg dry matter

200 +

150

100

50

readily

Biodegradability

medium

hardly/persistent

Data: modified after Neumayer (1999)
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It is the waste composition, together with the amount of water infiltrating the landfill, which
determine landfill emissions. In the table below typical leachate emissions from MSW landfills
are shown (3 compartments of Breitenau landfill near Vienna, which is operated as an
experimental landfill by TU Vienna):

Mean 1987-2002 Maximum 1987-2002 Minimum 1987-2002 Mean 2001-2002 Discharge
Comp 1 |Comp2 Comp 3 JComp 1 Comp 2 Comp 3 JComp 1 |Comp 2 Comp 3 JComp 1 |Comp 2 Comp 3 | standard

El. cond. |[mS/cm] 75 9,9 14,1 28,5 235 26,5 3,5 6,0 9,8 4,6 72 10,7
BOD5 [mgO2/1] 1.475 483 143 | 32.000 16.500 1.700 6 30 70 21 52 104 10
COD [mg02/1] 3.498 1.765 1.454 57.000 29.000 4.500 170 280 800 278 679 1.077 50
TOC [mg/] 1.279 707 503 | 19.655 10.000 1.552 60 130 276 145 252 389
TKN [mg/] 678 780 1.010 2.150 2.150 2.550 210 390 600 302 479 765
NH4-N [mg/l] 491 731 835 2.000 1.900 2.500 190 340 520 263 434 680 10
NO3-N [mg/l] 0,7 1,6 1,2 3,4 21,5 12,3 0,0 0,3 0,0 0,2 21,5 12,3 35
NO2-N [mg/l] 1,99 2,96 3,30 7,82 7,43 9,77 0,98 1,64 0,40 4,00 0,40
P tot [mg/l] 31 37 54 10,0 11,6 12,0 11 1,9 2,4 2,0 2,7 54
PO4-P [mg/l] 24 2,9 44 8,0 93 9,6 0,3 1,5 1.9 0,7 2,0 46
S tot [mg/] 140,5 138,2 132,5 293,1 292,7 280,8 0,5 2,2 3,4 2,7 7,0 9.8
S04-S [mg/l] 476 46,9 455 98,2 97,6 93,7 0,0 0,8 0,8 1,2 39 31
Cl [mg/1] 623 999 1464 3125 2500 2438 260 530 820 338 677 973
Ca [mg/l] 273 117 54 3.600 2.300 130 23 15 10 170 141 86
Cd [mg/] 0,001 0,001 0,001 0,020 0,020 0,010 0,000 0,000 0,000 0,000 0,000 0,000 0,1
Cu [mg/l] 0,023 0,036 0,119 0,200 0,550 0,400 0,000 0,000 0,000 0,001 0,008 0,016 0,5
Pb [mg/l] 0,081 0,040 0,067 0,600 0,500 0,200 0,000 0,000 0,000 0,000 0,000 0,001 0,5
Zn [mg/1] 0,648 0,286 0,258 14,000 5,000 1,800 0,000 0,000 0,000 0,007 0,025 0,010 0,5
Fe tot [mg/] 46,8 8,2 24 840,0 250,0 12,0 4,0 0,0 0,8 17,7 6,0 1,8
Na [mg/1] 499 799 1.184 2.500 2.000 1.950 200 420 510 268 532 944

Data from Breitenau-landfill: Déberl et al. (2002)

Landfill emissions (leachate as well as gas) are characterised by an exponential decrease,
which results in graphs like the following. It can be seen that after 20-25 years emissions are
not environmentally sound. In case of organic carbon they are about one order of magnitude
above legal standards, in case of ammonia even more.
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Figure 8: Trend of leachate emission from a MSW-landfill
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Figure 9: Trend of leachate emissions from MSW-landfills

Various authors assessed the time necessary to reach environmentally sound leachate
emissions (see table below) and concluded that the after-care period of MSW landfills will

theoretically last for centuries.
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Table: Years to reach environmentally sound leachate emissions from MSW landfills

Belevi & Baccini Kruse Heyer et al. | Krumpelbeck & Ehrig
(1989) (1994) (1997) (2000)

Corg 500 -1 700 - - -
COD - 280 80 - 360 65 - 320
Niot 55-80 - - -
TKN - 815 120 - 450 -
NH,-N - - - Decades - centuries
Cl- 100 - 150 210 90 - 250 25-130
AOX - - 30 -210 40 - 100
Heavy metals - - - <10

From a substance balance’s point of view after 1-2 decades only a small amount of the initial
substance load has been emitted via landfill gas or leachate (see next figure). In case of
heavy metals this amount is even lower (max. 1 %). Mainly three reasons can be identified
for this phenomenon.

Substance flows of a 15 years old MSW landfill
100 %: total amount of substance in MSW

12 Gas

4 Leachate 3 Leachate

0,12 Leachte

100 % MSW
100 % MSW
100 % MSW

88 Landfill body 96 Landfill body 97 Landfill body

Huber et al. (2002)

Figure 10: Substance balance of a MSW-landfill

1. Total versus available substance load

Only the easily soluble/degradable fraction of a substances is available within short to mid-
term periods. Like mentioned above, this amount is up to 50 % in case of organic carbon and
about 20 % in case of sodium (about 18 % of Na have been emitted after 15 years, if only the
available amount is taken into account).
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1. Total vs. available amount of substances

3 Leachate

100 %: total amount of sodium

100 % MSW

97 Landfill body

18 Leachate

100 %

Na

available 100 %: available amount of sodium

72 Landfill body Huber et al. (2002)

Figure 11: Total substance amount vs. available substance amount

Looking at heavy metals the physical-chemical conditions in the methanogenic stage (pH >7;
anaerobic) prohibit the mobilisation of most heavy metals.

2. Kinetics of biodegradation/elution

2. Kinetics of biodegradation

Acetogenic phase

readily degradable substances

T medium degradable substances

log COD [mg O,/1]

hardly degradable substances

0 50 100 150 200 250 300

Time [years]

Déberl (2004)
Figure 12: Different stages during biodegradation of MSW

3. Landfills as “hydraulic” reactors
See following chapter
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2.3 Landfills as “Hydraulic” Reactors

The third reason for the relatively low amount of discharged substances is a result of the
specific hydraulic regime in landfills. It is characterized by matrix areas with low hydraulic
conductivity and high retention capacity and preferential flow paths with high hydraulic
conductivity and low retention capacity. This water flow pattern is similar to karst systems.

3. Landfills as “hydraulic”

reactors

e

Karst channel Preferential

Dolomijte flow-path

i} Matrix

Karst system MSW landfill

(Fellner, 2004)

Figure 13: The water flow pattern in landfills is similar to karst systems

Due to this heterogeneity only 30 % - 50 % of the landfill volume contributes to degradation
and leaching processes. This results in the phenomenon that even the easily degradable
carbon fraction will not be emitted during short and mid-term periods but will remain in the
landfill and will cause emissions during centuries as well by a progressive development of
new preferential paths.

Estimated gas emissions of MSW landfills

hardly
200 - (T, =103-10% a) short and
id- long-term
readily mid-term g
o 150 | (Typ<52) decades centuries
()]
<
P 100 - . .
o° medium medium
O . z z
50 | medium § 5
(T,,>10a) 3 g
s [e)}
0 § ©

Degradability Gas emissions

Doberl (2004)

Figure 14: Biodegradability of carbon-matrix and heterogeneity of landfill together determine future emissions
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3 CONCLUSIONS

When assessing future landfill emissions and the hazardous potential of landfills, it is
necessary to understand landfills as reactors — as chemical reactors on the one hand,
because mainly the waste composition is responsible for quality and quantity of emissions.
On the other hand landfills should be seen as “hydraulic” reactors as well. First, the amount
of water acts as a driving force for all processes within the landfill. Additionally, the “degree of
heterogeneity” in the water flow regime, i.e. degree of non-uniform water distribution, turned
out to be decisive for the substance balance: The more homogeneous the water flow, the
higher the amount of substances discharged. On the other hand, high water flow rates, e.g.
when flushing the landfill, cause a high discharge via preferential flow paths. This leads to a
relatively fast decrease of leachate concentrations, which could be interpreted, misleadingly,
as a proceeding stabilization process of the whole landfill body. However, it has to be kept in
mind that the leachate concentration is just a result of the areas surrounding the preferential
flow paths. An increase of the water flow rate does not inevitably result in a higher substance
outflow. If the leachate amount of two landfills is equal, the heterogeneity defines the future
emission behaviour significantly. Since the “degree of heterogeneity” may enhance or reduce
the effects gained by flushing or leachate recirculation significantly, it should be quantified
prior to the application of methods to shorten the after-care period of landfills.

In addition, this conclusion has an impact on the widely spread recommendation to use
leachate concentrations for assessing the remaining emission potential of landfills. Because
of the recent research on the Breitenau landfill it is recommended not to restrict assessments
concerning the future emission potential of landfills on leachate concentrations, but to include
investigations representing the remaining substance load in the landfill body as well.
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Management of Leachate and Gas in Landfills

Johann Fellner, Vienna University of Technology, Austria

INTRODUCTION

Land disposal of waste has been practiced for centuries. In the past it was generally believed
that leachate from waste is purified by soil and groundwater, and hence contamination of
groundwater was not an issue (Bagchi, 1990). Thus, disposal of waste in the form of open
dumps at all type of sites (e.g., gravel pits, ravines, etc.) was an acceptable practice until the
early 20iest century. However, with increasing concern for the environment in the late 1960s
landfills become under scrutiny. Within a decade several studies (e.g. Andersen &
Dornbusch, 1967; Noring et al., 1968) showed that landfills do significantly contaminate
groundwater.

As a result of this finding, steps from open dumping of wastes towards sanitary landfills were
made. Regulations concerning technical equipment, site characteristics and operation of
landfills were enacted and improved with time. Landfill technology has become increasingly
sophisticated over the past few decades.

However, in spite of all claimed technical facilities of landfills, gradients of matter and energy
between landfill and the surrounding environments still exist. By simply referring to the
second law of thermodynamics, of spontaneous increase in entropy, it can be stated that,
with time, the energy level in a landfill will approach the level of the surroundings. This
means that in a long term, matter and energy will leave the landfill unless their storage is
maintained by a continuous input of energy. Since long term records of the mass flow out of
landfills are not available it can only be speculated how long it may take before equilibrium is
reached, that is when the energy level in the landfill is equal to that of the surrounding
environment. The rate of matter leaving the landfill depends on the mass and energy
gradient as wells as on the “flow resistance” between landfill and the surroundings, whereby
the term “flow resistance” represents physical and chemical barriers, respectively. The aim of
modern landfill management is to equilibrate the energy gradient between landfill and the
surrounding environment in a controlled manner to a “final storage quality”, where the
emissions are considered not significantly contribute to natural substance fluxes in soils, air
and water (Brunner, 1992). Thereby the landfill can become an integrated part of the
environment.

Existing landfills of municipal solid waste (MSW) are far from requirements of “final storage
quality”. Major environmental concerns associated with MSW landfills, containing high
content of biodegradable organic matter, are related to the generation of leachate and biogas
(see Figure 35). Effects of leachate emissions from landfills are local for underlying
groundwater and soils, whereas production and emission of methane gas posses a global
pollution potential since it is a greenhouse gas. It is estimated that solid waste landfills
contribute 10 % of the global anthropogenic methane emissions (Watson et al., 1996).
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Landfill Gas

Leachate

Figure 15 Emissions from municipal solid waste landfills

Quantity and quality of leachate and biogas formed, depend on the characteristics of the
waste, the design and the operation of the landfill and the climatic conditions (temperature,
precipitation, and evapotranspiration).

Contrary to factories or industrial plants emissions from landfills are not restricted to the
operation period (see Figure 36) only. For instance leachate emissions from MSW landfills
will stay on an environmentally incompatible level for hundreds of years (Belevi & Bacchini,
1989; Krimpelbeck & Ehrig, 2000).

Factory Landfill
(2]
® . @
R} : 2
—f O
uEJ P S w
P}
1 O
: O
Déberl (2002) Time ) Time
Figure 16 Landfill emissions versus time (after Déberl, 2002)

LEACHATE MANAGEMENT

Leachate is generated as a result of the percolation of water through the waste. It can be
defined as a liquid that is produced when water comes into contact with waste.

The quality and quantity of leachate generated are important in managing a landfill.
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e Leachate Quantity

The amount of leachate generated depends on the climatic conditions (precipitation,
temperature, air humidity, wind speed) and the design of the final cover (soil cover or sealing
and the vegetation).

The leachate volume can be estimated performing a simple water balance (see Figure 17).

Water is introduced into the landfill through the moisture of the landfilled waste (WC), as
precipitation (P) and in some landfills by recirculation of leachate (RCL). Some of the
precipitation may run off as overland flow (R), and some may evaporate from the waste
material or be removed by transpiration from the vegetation cover (ET). The remaining water
accumulates (water storage S) or must be discharged by drainage (leachate L).

Runoff

Water content q
deposited waste

Leachate
P-ET-R-L+WC+RCL+S=0

Figure 17 Water balance — landfill

Simple water balance calculations for different sites in Syria performed with the computer
model HELP - Hydrologic evaluation of the landfill performance (Schroeder et al., 1984) lead
to the following results:

At a landfill located in Latakia (with an average annual precipitation of 800 mm) leachate
generation rates are around 300 mm per year, whereas in Damascus (annual precipitation:
200 mm) water is hardly leached from the landfill (< 10 mm/a).

50 Runoff <3 Runoff

S S
o E 450 Evapo- 8 -og- 190 Evapo_
S jg. transpiration N S transpiration
E s
a o
<
300 Leachate 10 Leachate
Figure 18 Water balance for landfills at different locations in Syria (Values in mm/a)
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The results indicate that proper leachate management options could be completely different.
In Latakia ground water pollution through landfills is an important issue, therefore leachate
collection and treatment is required, whereas in Damascus the hazard of leachate is little, as
a result even the leachate collection system could be omitted.

e Leachate Quality

Leachate quality is influenced by the following factors:
o0 waste composition
0 elapsed time (decreasing concentration with increasing time)
0 leachate quantity (decreasing concentration with increasing quantity)
0 available moisture

Typical leachate qualities of municipal solid wastes are included in Table 1. The main
pollutants are organic substances, ammonia, salts, and heavy metals.

Table1 Leachate qualities (after Brunner et al., 2001)

Acidogenic Methanogenic
Parameter | unit phase phase
medium maximum medium maximum

pH-value 6,1 55 8,0 8,5
BOD5 mgl/l 13.000 30.425 180 383
coD mg/l 22.000 38.100 3.000 4.340
Iron mgl/l 925 2.120 15 29,3
Zinc mg/l 5,6 68,4 0,64 3,78
Chloride mg/l 500 15.000 200 10.000

Hence, leachate usually shows high pollution, it can not be discharged directly into surface
water bodies. It requires appropriate treatment before it returns to the environment.

The variation of leachate characteristics (in a short and long term) makes the design of a
treatment system difficult. In order to even discharge rates at least, a storage basin for
leachate collection is essential.

Leachate treatment
The following traditional techniques for waste water systems are also used for treating landfill
leachate:
e Dbiological treatment (aerobic stabilization)
e aeration tanks
e constructed wetlands
e physical/chemical treatment (precipitation, adsorption, chemical
oxidation, and reverse osmosis)

Additionally, leachate recirculation is also promoted as a method for treating leachate.
Although the concentration of organic pollutants (BOD, COD) can be reduced by leachate
recirculation, the concentration of metal and salts increases (Stegmann, 1979). Furthermore
recirculation can reduce the volume of leachate due to increased evaportranspiration.
Problems noticed with leachate recirculation are reduction in the permeability of the landfill
cover and arising odor.

Another option for leachate management is to minimize the water volume entering the waste
by appropriate landfill cover design. Prevalent design concepts are sealing or the
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construction of an evapotranspiration layer. The first concept increases the runoff from the
surface, whereas the second one enhances the water loss from the landfill through a dense
vegetation cover, which promotes evapotranspiration.

The lifetime of sealings are finite (merely decades), which leads to a time limited measure by
prevention of leachate generation using top sealing. Thus, aftercare of leachate emissions is
only shifted into the future.

Leachate management options can be divided according to techniques used and the
investments necessary.

Table 2 Summary of leachate management options

Low-Tech Measures High-Tech Measures

e reduction of leachate volume *  reduction of leachate amount
(landfill cover: evapotranspiration (landfill cover: top sealing)
layer) e leachate treatment using

e leachate recirculation O aeration tanks

e leachate treatment using
o constructed wetlands

0 percolating filter
O adsorption
O reverse Oosmosis

Figure 19 shows options of leachate collection and treatment.

Figure 19 Leachate treatment (collection basin, constructed wetlands, reverse osmosis)

LANDFILL GAS MANAGEMENT

Decomposition of organic material in a landfill generates landfill gas, which typically consists
of 45-60% methane, 40-60% carbon dioxide and traces of other organic compounds (less
than 1%). If the landfill is not controlled, the organic compounds can cause odor nuisance,
and escaping landfill gas can reduce the oxygen content in soil to limit plant growth. Other
potential impacts from landfill gas include contribution towards the greenhouse effect and the
risk of explosions in confined spaces.

The amount of biogas generated depends mainly on the waste composition, in particular on
the content of degradable organic carbon and the time after waste disposal. Furthermore the
environmental conditions for the microorganisms, such as moisture content, pH-value and
redox-potential play an important rule for the gas generation rate.
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According to Tabasaran & Rettenberger (1987) landfill gas production can be calculated as
follows:

G =1,868 -TOC,-(0,014-T+0,28) - m,,

G(t) = G+(1-10t- k)

G total amount of landfill gas [m?]

G(t) landfill gas produced [m3/a]

TOGC, biodegradable organic carbon content [kg C/ ] (~ 150 kg/t)
T temperature inside the landfill [°C] (~30°C)

m,, deposited waste mass [t]

t time [a]

k degradation rate [a™]

For municipal solid waste landfills in Syria (waste composition after to Mohamad & Urban,
2003: content of biodegradable organic carbon around 150 kg C/t) the total amount of landfill
gas produced is around 200 m?® per ton waste.

Figure 20 gives an example of the characteristics of gas generation at a landfill, where
100.000 tons of waste per year have been deposited over a period of 20 years.
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Figure 20 Gas generation at a landfill (operation time — 20 years)

Maximum gas production rates are observed immediately after landfill closure. Analogous to
the leachate also quantity and quality of landfill gas varies considerably over time. In
particular methane concentration is reduced gradually after reaching a peak value short time
after landfill closure. The time dependencies of the overall gas generation rate and also the
percentage of methane are critical for landfill gas recovery and reuse projects.

The goals of landfill gas management include

o preventing landfill gas emissions into the atmosphere
preventing subsurface off-site migration
minimizing odorous emissions associated with landfill gas
recovery of energy from the gas

O 0O
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These objectives can be achieved through

0 venting
= active venting (by applying negative pressure to gas extraction wells)
= passive venting (gas is migrating to zones of high permeability)

o0 treatment (oxidation of methane and organic compounds)
= gas turbine,
= gas flaring
= Dbiofilter

0 and energy recovery (electric generator)

Electrical power
Gas turbine

Gas collection pipes |:|

Biofilter

Gas wells W
Landfi

Figure 21 Landfill gas utilization (active venting with different treatment options)

The proper strategy for landfill gas management depends on:
0 gas generation rate (depend on waste composition, landfill size and age)
0 gas quality (in particular methane concentration)
0 economic conditions, and
o infrastructure at the landfill site

Since methane concentration is dropping with time after landfill closure, active venting of
landfill gas incorporating energy recovery is only possible 15 up to maximum 20 years after
landfill closure. After this time passive venting and treatment in biofilters can be considered
as state of the art practice.

Enhanced methane oxidation in cover layers represents a special case of biofilters, where
the landfill cover is used for methane oxidation. This “treatment” concept is only promising in
case that gas generation rates are small and soil temperatures well above 5 C (Bdrjesson et
al., 2001).

According to the techniques used and the investments necessary landfill gas management
options can be divided as follows:

Table 3 Summary of landfill gas management options
Low-Tech Measures High-Tech Measures
e passive venting e active gas collection system
¢ enhanced methane oxidation 0 gas extraction wells
0 “compost”’ cover layers e gas treatment using

0 gas turbine
o gas flaring
o Dbiofilter
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Figure 22 shows different options of landfill gas collection and treatment.

Figure 22 Landfill gas utilization (gas well, gas turbine, gas flare and biofilter)
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Landfill Operation in Austria

Gerhard Ganster, A.S.A. (Abfall Service AG), Austria

Model Halbenrain (A)

Development of the Site

1978 Start-up

1988 Expansion with the technological standard of today
1990 Active Degazing

1994 Start-Up Drainwater Treatment Plant, Power Generation
1994 Qualitysystem 1ISO 9000

1995 Sorting and Composting Facility

1998 Start-Up of drying/stabilization facility

2003 Mechanical-biological Treatment Plant

Landfill Management in Syria




58 Management of Leachate and Gas in Landfills

Organisation

Site Manager

Assistant Qm
| | | |
Entry Cont Lab Dump Infrastructure
Weighing Analysis Logistic DrainWater-
Identification Visual Check Gas-
Sampling Sampling Facilities
Compacting Maintenance

Construction

Qualifications and training procedures

= Site Manager
- High technical education, add.economic and legistic skills
* Quality Manager
- Technical Education, specialist on quality assurance
- Audit of organisation,reporting
= Entry Control
- Administrative, special training on waste identifikation
= Lab
- chemistry
=  Dump
- Knowledge about constr.machinery, waste identifikation
- Construction work
= |Infrastructure
- Electrican, chemical tests

Monitoring Area
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Supervision program

= Monitoring
- GroundWater (chemistry,temp,levels)
- SuperficialWater (amount,chemistry))
- DrainWater(amount,chemistry)
- Bioindicator(chemistry)
- Gas Inlet and Exhaust Gases of Gasmotor,
- Efflunent of DrainWaterTreatment
- Weather Station

= Checks
- Density of DrainWaterDucts and Storages
- Cleaning of Drains, Optical Inspections
- Geometry of the landfill body

Probe

59

Weatherstation
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umentation

= Operational Diary
=  Protocol of Deliveries
= Collection of waste declarations

- Waste producer, process, main features, analysis

= Reports

Gro

S04 [mg/L]

- Weather data

- Effluents

- GroundWater Data

- Data on Bioindicator network

- Performence of gas and LeachateWaterTreatment

undwater typical analysis
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Landfill Management in Syria

=  Weighing Area
= Intermediate Storage Area
= Storage Area for construction material
= Construction machinery (Loader,Compactor, Truck)
= Maintenance Area
= Fuel station
=  Workshop for small repairs
= Lab with different equipment
- Area for samples
= Weather Station

Rohsickerrwasser, Permeat SO 4

[mg/L]
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Entrance Area

Administration

Lab
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Drive way

Unloading

Visual Control
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Compacting

Compactor Machinery
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Collection of Hazards

Maintenance

= Construction machinery
= Engins (pumps, motors , measuring devices)
= Cleaning
- Dustbinding, superficial waterchannels
- Nets
- Ducts underground
= Maintenance of recultivation plants and lawns
= buildings
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Site Investigation & Landfill Construction |

Gernot Doberl, Vienna University of Technology, Austria

1 GENERAL

In Austria most regulations regarding landfills are outlined in the Austrian Landfill Ordinance
(1996), which focuses mainly on three fields:

1. Definition of landfill types
2. Allocation of wastes to landfill type
3. Landfill construction and operation

Types of landfills in the Austrian Landfill Ordinance

¢ Landfills for excavation waste

¢ Landfills for demolition and construction waste

¢ Landfills for incineration residues (bottom ashes, filter ashes) (TOC < 5 % DM)
¢ Landfills for residues of mechanical-biological pre-treatment

“Old landfills” containing municipal solid waste (MSW) without pre-treatment are not part of
the Landfill Ordinance.

Geotechnical and hydrogeological investigation methods are outlined in detail in the Austrian
Standard (ONORM) No. S2074-1 — “Geotechnical investigations for waste disposal facilities;
site investigations”.

1.1 General requirements for landfill sites

Following sites are not suitable for landfills

Water protection areas

Important groundwater resources

Areas, where highest level of groundwater-table is less than 1m below surface
Aquifers with piezometric surface

Jointed rocks with unknown groundwater flowing-directions

Flood plains

e Areas near mass-movements
¢ Areas with non-uniform geotechnical soil/rock-properties

Any landfill, except landfills for excavation waste, has to be sited above a so-called
“Geological barrier* (geological and hydrogeological homogenous, low hydraulic conductivity
< 1.0E-07 m/s). This barrier has to fulfil following properties:

minimum thickness, if kf < 1.0E-07 m/s but >1.0E-08 m/s : 5 m
minimum thickness, if kf < 1.0E-08 m/s: 3 m
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2 SITE INVESTIGATION
2.1 Hydrogeological Investigations

Properties to be determined

e Groundwater table, groundwater flowing-direction, hydraulic gradient, groundwater
velocity (permeability)
Method: at least 3 drillings, tracer experiments

e Hydraulic conductivity (horizontally and vertically) or transmissivity (max. and min.),
porosity
Method: Drillings, wells, pumping tests, water-pressure tests, conductivity tests, grain-size
analyses

¢ Position, depth and thickness of aquifers and non-aquifers
Method: Drillings, dynamic probing, interpretation of facies

e Groundwater chemistry
Method: Drillings, sampling by pumping, chemical analyses

¢ Influence of short-term and long-term lowering of groundwater table
Method: Pumping tests, groundwater modelling

¢ Influence of surface water (streams)
Method: erosion studies

¢ Rainfall, evapotranspiration, surface run-off

Table 4: Summary of methods for hydrogeological site investigations (ONORM S2074-1)

Hydrogeological Site Investigations

Method Field/Lab |Rock |Soil |Purpose

Drillings F y y |Determination of (full) thickness and position of
aquifers and non-aquifers

Water table wells F y y |Determination of groundwater-level and
hydraulic gradient

Pumping tests F n y |Determination of hydraulic properties such as:

Hydraulic conductivity, porosity, transmissivity,
permeability, size of cone of depression

Water-Pressure-Tests F y y |Determination of hydraulic properties such as:
Hydraulic conductivity, porosity, transmissivity,
permeability

Seepage-tests F y y |Determination of hydraulic properties such as:
Hydraulic conductivity, porosity, transmissivity,
permeability

Tracer-Experiments F y y |Determination of groundwater-flow direction
and velocity

Conductivity tests L n y |Determination of hydraulic conductivity and porosity

Grain-size analysis L y |Assessment of hydraulic conductivity an porosity

Chemical analysis L y y |Determination of groundwater quality
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h
e DARCY: Q =k, *A*I IZT
k., = Q
A*]
Q volume of water flowing in unit time through a cross-section [m3/s]
kshydraulic conductivity [m/s]
Aarea of cross-section [m?]

| hydraulic gradient
o kfis not a velocity!!
o other properties: permeability (vf), groundwater flowing velocity (va)

Q

\2 =X:kf *1 [m/s]

= Ve

T [m/s]; P*... effective porosity

2.2 Geotechnical Investigations

Properties to be determined (sediments)

Composition of sediment, thickness and succession of layers

Position and facies of layers

Mineralogy

Porosity

Method: geological-geomorphologic mapping, drillings, dynamic probing, test pits,
interpretation of facies, grain-size analyses, bore-hole and surface geophysical methods

Hydraulic conductivity
Method: see above.

Erosion- and suffusion-resistance
Method: grain-size analysis, clay-mineral determination, erosion-test (ASTM)

Shear-strength
Method: geotechnical in-situ and lab tests on undisturbed samples, uni- and triaxial tests

Retention capacity of contaminants
Method: grain-size analysis, clay-mineral determination

Properties to be determined (rocks)

Type of rock, mineralogical composition, stratigraphic unit

Weathering and weathering tolerance

Physical-chemical resistance

Jointing

Tectonic and petrographic anisotropies

Karst

Method: geological-geomorphologic mapping, drillings, interpretation of facies, bore-hole
and surface geophysical methods, dilatometer,
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e Deformation behaviour

Method: uni- and triaxial tests

¢ Permeability/Conductivity

Method: water-pressure test

Management of Leachate and Gas in Landfills

Table 5: Summary of methods for geotechnical site investigations (field) (ONORM S2074-1)

Geotechnical Field Tests

geoelectrics, seismic

Method Rock |Soil |Purpose

Natural outcrops y y |Determination of:
Type of rock or soil
consolidation

Test Pits n y |weathering, decomposition

Dynamic Probing n y |faulting

Penetration Tests sampling (undisturbed)

Drillings y y |geotechnical tests (field or lab) to get geotechnical
properties (see next transparency)

Geophysical methods y y |Assessment of thickness and position of layers and

groundwater-table

Table 6: Summary of methods for geotechnical site investigations (lab) (ONORM S2074-1)

Geotechnical Laboratory Tests

Method Rock Soil
Grain-size analysis n y
Water content n y
Atterberg limits n y
Organic content (y) y
Proctor density n y
Triaxial test y y
Uniaxial test y y
Mineralogical-petrographical investigations y y
Clay-mineralogical investigations y y
Lime content y y
Grain density n y
Conductivity test n y
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3 LANDFILL BASE

Landfill-base (subgrade): treated or untreated even surface of site with uniform geotechnical
behaviour

Improvement of soil-properties

e Compaction (surface): smooth drum rollers, vibratory rollers
e Soil stabilization (lime or cement)
e Backfilling: thickness of layers depends on grain-size (max. 20-30 cm)

Standards to be met

e Thickness (testing method: test pit)
Minimum thickness (kf 1.0E-07 m/s): 5 m
Minimum thickness (kf 1.0E-08 m/s): 3 m

¢ Hydraulic conductivity (testing method: stand-pipe-test)
Minimum conductivity if thickness > 5m: kf 1.0E-07 m/s
Minimum conductivity if thickness 3-5m: kf 1.0E-08 m/s

Figure 23: Stand-pipe test

¢ Incline: 2-3 % (geodetic control)

o Compressibility (proctor density — Dp;) and plasticity (modulus of elasticity — E,1)
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Table 7: Limiting values for compressibility and plasticity of landfill sites

Der Ev1 [MN/m?]
Coarse grained soils >100 % > 30
Mix grained soils > 98 % > 15
Fine grained soils >95 % >7.5

Testing methods

Compressibility: Proctor-Test (for fine and mixed grained soils)
¢ fine grained soils: compressibility (e.g. dry unit weight yq4 in kN/m?3, density)

depends on water-content (in case of constant compactive work)

too wet: pore water pressure prevents compaction

too dry: capillary cohesion

determination of correlation between water content w and vy4 via Proctor-test

practical testing: compactive work (same as in field with compaction
equipment) simulated: defined mass (F=24,9 N) dropped 25 times from
defined height (30,5 cm) on sample with certain water content (modified
Proctor-test: 4,5 times higher mass); compaction measured

?drmox

L 4
=

opt

Figure 24:Result of a Proctor Test (Kolymbas, 1998)

Plasticity:

Landfill Management in Syria

Load-Plate-Test

round plate of steel, diameter = 30 cm pressed into the site, 3 arms with
trans-placement transducers registering settlements

increasing pressure(oc), if settlements become low

testing: 0,1 und 0,2 MN/m? (Ac=0,1 MN/m?)

calculation of E,4 after first and E,, after second loading procedure
E-Modulus is not constant for a soil but correlates to ¢ and Ac
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4 BASE LINERS

Figure 25: Load-plate test

g

4.1 Standards (Landfill Ordinance)

71

For any landfill (except landfills for not contaminated excavation waste) base liners at bottom
and slopes are required.

Table 8: Liners required for different landfill types (Austrian Landfill Ordinance)

Type of landfill Base liner No. of layers | Thickness of Total Thickness of

in mineral layers thickness HDPE

liner of mineral
liner
[cm] [cm] [mm]

Excavation n - - - -
waste
Demolition y >2 20-27 >50 -
waste
Incineration y >3 20-27 >75 25
ashes
MSW y >3 20-27 >75 25

or alternative systems.
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Landfills for Landfills for
demolition & « MSW
construction waste * Residues from incineration

« Residues from MBT

HDPE (2.5 mm)

20-27 cm
20-27 cm e 20-27 cm §
o
20-27 cm 20-27 cm 2

7)) 7 i

Figure 26: Base liners required after Austrian Landfill Ordinance

4.2 Mineral liners (ML)

4.2.1 Standards

Table 9: Summary of properties of mineral base liners to be determined (ONORM S2074-2)

Test Limiting value
Conductivity (lab) conductivity test ki < 5.0E-10 m/s if i=30
Conductivity (field) stand pipe test ks < 1.0E-09 m/s decreasing i
Suffusion resistance grain size analysis
Clay content grain size analysis Fraction < 0.002 mm > 20 M-%
Clay mineral content X-ray diffraction CM-content > 50 M-%
Most coarse grain grain size analysis d1go < 63 mm
Most coarse grain (surface) grain size analysis digo <20 mm
Ignition loss 600°C V<5 M-%
Plasticity shrinkage limit etc.
Erosion resistance grain size analysis, erosion test
Natural water content ONORM B 4410 < 4% higher than w
Grain density ONORM B 4413 > 2.5 Mg/m?®
Proctor-density Proctor-test Dp, = 1.7 Mg/m?
Shear strength etc. . ¢ >30°% c=0
ONORM B 4416 @ > 25°% ¢=10 kN/m?

4.2.2 Construction and quality control of ML

Material

e natural rocks (clays not suitable for compaction), bad shear strength etc., mix grained
soils resistant to precipitation and desiccation

¢ Atrtificially produced mixes (uS, uG) improved with bentonite (> 3M-%);
Mixed-in-place: spreading bentonite, mixing bentonite and soil with high performance
rotary hoes
Mixed-in-plant: better for homogeneity, better control of water content

¢ Residues from gravel production: attention! High carbonate content in clay fraction (too
less clay-minerals)!
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Construction

testing field
material 35-40 cm thickness (before compaction)
if mixed-in-place: with high performance rotary hoes
compaction with non-smooth drum rollers
compaction with smooth drum rollers
water content slightly higher than w,: (about wgs on wet branch of proctor-graph)
quality control
e stand-pipe tests for in-situ control
e conductivity tests
e compaction control

Figure 27: Compaction of a mineral base liner

4.3 Geomembrane

4.3.1 Requirements

HDPE (High-Density-Polyethylen; PE-HD)

2.5 mm thick
Physical Properties (water content, resistance to punctiform load, resistance to tear
propagation, tensile strength (uni- and polyaxial), low and high-temperature behaviour,
seam strength [shear strength and peel resistance], weathering behaviour)
Biological resistance (resistance to roots, microorganisms and rodents)
Chemical resistance
e Leachate (acidic and alkaline; 6 weeks at 40°C)
e weak solutions (amines, alcohols), acids (sulphuric acid) und alkali (NaOH) - 12
wks
¢ strong solutions (NaCl, hydrocarbons) - 12 weeks
stress-crack causing substances (tensides)
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4.3.2 Construction and quality control
ONORM S 2076

e seams have to be produced with welding machines (width of a geomembrane-roll: 4-10 m)
e overlap 45-85 mm (better 100 mm)
e welding: double seam with test-channel

Quality control of seams (in-situ without destruction)
e Compressed air in test channel: (3-4 bar, 15 min, decrease of pressure max. 20%)
¢ Ultra-sonic test, if no double-seam

o Peel-test (lab; destructive): strength of seam.

Protection of geomembrane (punctiform loads from drainage gravel): needle-punched non-
woven geotextile > 1200g/m?

> 45 mm
Channel for leak-detection with

compressed air

Seams

Figure 28: Double-seam principle (welding of two HDPE geomembranes)

4.4 Alternative Liners

4.4.1 Asphalt liners

e Asphalt = mix of grains (S, G) and bitumen (product from petroleum, no PAH)

e advantage: barrier for permeation, resistant to weathering, construction of steep slopes
(up to 2:3)

o disadvantage: very weak resistance to organic solvents

e construction: S/G 0/20, 7-8% filling material, 5,5-5,8% bitumen B100; 2 layers a 7,5 cm;
density Isotope-testing (max. porosity: 1,5-2%)

¢ in Switzerland used in landfills for MSW incineration products

e in Germany used as surface liner for landfills for C&D-waste
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Figure 29: Construction of an asphalt liner

4.5 Base liners in Austrian landfills

Table 10: Landfill liners — situation in Austria (EPA Austria, 1998)

Type Construction Number of landfills
Mineral liners 30-200 cm (k: 1.0E-08 to 1.0E-10 m/s) | 22
Composite liners 4 landfills meet ordinance standards 37
(mineral and geomembrane) 22 landfills: 3*20 cm ML + 2 mm

HDPE (,State of the Art* before

ordinance)
HDPE geomembrane 2-2,5 mm 7
Asphalt and HDPE 1
Asphalt 15-18 cm 4
no base liner 5 landfills without base liner or 17

containment
But containment with:
Chamber system slurry trench or thin diaphragm wall 4
Slurry trench wall 40-100 cm 4
Thin diaphragm wall 6-12 cm 4
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5 LEACHATE COLLECTION SYSTEM

e Drainage layer:  thickness: min. 50 cm
16/32, rounded,
lime content max. 30 M-%, (limestone, dolomite will precipitate)
kf min. 1,0E-02 m/s,
topped by non woven
e Leachate pipes gradient 2-3%
resistance to leachate
30 m distance

Figure 30: Construction of the drainage layer

6 FINAL COVER (CAPPING SYSTEM)

Standard cover after Austrian Landfill Ordinance

o Compensation layer: filling uneven landfill surface (min thickness: 0,5 m)

e Gas-collection layer: min thickness: 30 cm, max lime content: 30 m-%

e Composite liner (mineral and HDPE-cover) (like base-liner): min. thickness: 50 cm +
2,5 mm HDPE
max kf (i=30): 1,0E-09 m/s, gradient 4%

e Surface run-off collection layer: min. thickness: 0,5 m; like leachate drainage

¢ Recultivation layer: min thickness: 0,5 m
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30 cm gas collection layer (gravel)

Figure 31: Standard cover after Austrian Landfill Ordinance

Alternative covers

Geosynthetic clay liners (bentonite)
Asphalt liners

Capillary layers

Evapotranspiration layers

50 cm compensation layer (shredded waste)

Figure 32: Example for an Evapotranspiration layer

23 m

total thickness

2m

total thickness
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7 GEOTECHNICAL CHARACTERISTICS OF MSW

Main failure mechanisms

1 Surface-near and deep-seated slope failure 7  Settlement of the waste material
2 Sliding of the perimeter embankment 8 Lateral displacements
(along the liner and drainage system) 9  Sliding of the waste
3 Sliding of the capping system 10 Failure of perimeter embankments/berms
}  Spreading in the toe zone 11 Sliding along the working joints of the landfill

5 Base failure
6  Subsoil settlement

Figure 33: Main failure mechanisms of landfills

Grain-size distribution
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Figure 34: Development of grain-size distribution during time

Geotechnical properties of MSW

e Density: p= 0.4 (not compacted) — 1.3 (highly compacted)
e Shearing angle: ¢= 40 ° (fresh MSW) — 26 ° (15 years old MSW)
e Cohesion: ¢ = 50 kN/m? (fresh MSW) — 10 kN/m? (15 years old MSW)

Settlements
e Consolidation settlements (max. 25 % of overall settlement)

e Settlements due to biodegradation
e Subsoil settlements
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Landfill Construction Il

Gerhard Ganster, A.S.A. (Abfall Service AG), Austria

Construction work during operation

= Ground preparation

= Side Walls

= Sealing and recultivation of flanks
= Gas Wells and connecting ducts
= Temporary Torch

= Road Construction

= Topsealing

= Final surface and recultivation

Construction work during operation
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Ground Situation
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Ground Preparation

Construction in Layers

Surface
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Drain Water Collector

Leachate Water Storage

Leachate Water Treatment
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Leachate Water

Gas Well

Gas Collector
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Gascompression

Gascompressor Inside

Gasanalyser
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Gas torch

Gas motor
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Landfill Strategies as a Function of Economic Conditions

Johann Fellner, Vienna University of Technology, Austria

INTRODUCTION

Globally per capita amounts of municipal solid waste generated vary significantly. Economic
standing is one primary determinant of how much solid waste is produced.

Figure 35 shows waste generation rates of more than 50 countries. It is conspicuous that
rising Gross Domestic Product (GDP) results in higher waste production. However, the
increase in waste generation is much lesser than the rising of GDP.
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Figure 35 Waste generation rate versus Gross Domestic Product (GDP) (World Bank, 1999; METAP, 2000;
OECD, 2005)

The greatest part of the solid waste generated world wide is deposited. Operation and
management of disposal site vary considerably.

Factors determining the characteristics of landfill sites respectively the strategy of disposal
are:

economic conditions of the municipality (GDP)

public awareness of waste

acceptance

technology

education

legislation

In the following section existing landfill strategies are summarized and their impact on the
environment is discussed.
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DIFFERENT LANDFILL STRATEGIES

The ultimate goal of waste disposal is to dispose unwanted materials safely, so that human
being and environment are protected, in a short and long term view. The achievement of this
objective depends mainly on the chosen landfill strategy.

Figure 36 gives an overview of existing landfill strategies and shows the incremental
improvements to reach the landfill objective. The figure represents also the historical
development of waste disposal in high income countries (Rushbrook & Pugh, 1999).

Achievement of landfill goals

Sanitary landfill for
pre-treated waste

Final storage
landfill

Sanitary
landfill
Engineered
landfill
Controlled
dumping
Open
dumping
Figure 36 Landfill Strategies (adopted after Rushbrook & Pugh, 1999)

1. Open Dumping

Open dumping is the uncontrolled land disposal of waste. The site is not managed and there
are no controls over access of unauthorized persons (e.g. scavengers), animals or
environmental pollutions. Additionally no consideration has been given to the geological or
topographical suitability of the site. Most likely, the location of the dumpsite was chosen
because it was the cheapest land available that did not affect interest groups within the
municipality. No preparatory earthworks or site engineering has taken place and almost no
control is exercised over the site operations or the manner in which the waste is deposited.
Fires, pests, unconstrained horizontal spread of the landfill surface and slope failures are
commonplace.

Figure 37 Open dumping (Scavengers and grazing animals)
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2. Controlled Dumping
The main features of a controlled dumpsite are:

reduction of the disposal area of the site to a smaller and more manageable size;

soil cover of exposed waste on unused or closed parts of the site

prevention of fires

interception of surface water entering the waste using simple measure

rules of on-site work with workers, drivers and scavengers (if the latter cannot be
removed).

The advantages of these operational improvements (in comparison to the open dumps) are
that they can be introduced quickly, need little or no additional investment and they lead to
the concept of ‘control’ and ‘isolation’ into the waste disposal operation.

Figure 38 Controlled dumping site in Perm (Russia)

3. Engineered Landfill

An engineered landfill is characterized as a disposal site where engineering techniques are
applied to control one or more of the following points:

e avoidance of surface water entering the deposited wastes by installing a surface
drainage system

e extraction and spreading of soil materials to cover wastes

e spreading and compacting wastes into thin layers

e collection and removal of leachate away from wastes into lagoons or similar
structures

e passive venting of landfill gas out of the wastes

e isolation of wastes from the surrounding geology

e new parts of the landfill are prepared before receiving wastes

This means that planning has to be done before construction, which includes beside the

design of construction elements such as liners or the leachate collection system, also waste
disposal plans showing how the site will be filled with waste and closed, subsequently.
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Figure 39 Engineered landfill (preparation of base sealing and waste compaction)

4. Sanitary Landfill

Compared to engineered landfills sanitary landfills are characterized by an increasing
complexity in engineering design and construction techniques. Sanitary landfills typically
have many additional features to those found on engineered landfills, for example:

pre-planned installation of landfill gas control and utilization systems

extensive environmental monitoring

well-qualified work force

detailed record-keeping about the deposited waste and the environmental monitoring
leachate treatment

specialized mechanical equipment

complex lining systems to isolate waste from the surrounding geology

post-closure plan

aftercare management

Sanitary landfills can be operated according to different concepts, for instance as flushing
bioreactor (forced waster entry into the wastes) or dry tomb (top sealing). The operation
concept has major impact on the actual and also future emission level of landfills.

Trucks unloading
Access ramp leading to road refuse Bulldozer
/ \ spreading waste Compactor

/
I

Refuse truck leaving site

Gas collection trench

Surface drainage

Surface drainags

Typical waste cell Leachate collection

o1

Figure 40 Sanitary landfill — Scheme (Ali et al., 1999)
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Although emissions are controlled and proper treated at the sanitary landfill, this disposal
strategy has still the major drawback that the treatment must be upheld throughout decades
or even centuries. This time of necessary treatment of emissions is called aftercare period. In
order to minimize aftercare measures the reactivity potential of the waste deposited needs to
be reduced. Such reduction is achievable by waste pretreatment prior landfilling.

5. Sanitary landfills for pretreated waste

The strategy of waste pretreated before landfilling derives from the claim of long-term
maintenance-free landfills, where, contrary to municipal solid waste (MSW) landfills, there will
be no after care necessary once the landfill is closed.

The prevalent concepts of waste treatment prior disposal are incineration or mechanical
biological pretreatment. The residues of both processes show lower reactivity than fresh
municipal solid waste. However, emissions from sanitary landfills filled with residues from
waste incineration or mechanical biological pretreatment plants are still not “environmentally
sound” and need therefore proper treatment. Nevertheless, aftercare measures are reduced
compared to MSW landfills. Additionally landfill equipment can partly be omitted, for instance:
at a landfill for incineration residues no gas collection system is required.

Disposal of residues

- — £
pretreatment

Figure 41 Scheme of waste pretreatment and disposal of residues

6. Final Storage Landfill

A final storage is a landfill whose emissions into water, soil, and air are “environmentally
sound” in the short and long run (i.e. thousands of years). According to Brunner (1992)
anthropogenic flows (emissions) can be described as “environmentally sound” if they have
no impact on geogenic material flows and storage, which means that they must be smaller by
two orders of magnitude than natural flows.

Final storage quality (Baccini, 1989) can be achieved using typical "geochemical
engineering" techniques: Selection of favorable milieu conditions for the deposition of large-
volume wastes such as dredged materials, selection of additives for the solidification and
stabilization of hazardous waste materials, optimization of elemental distribution at high-
temperature processes, e.g. incineration of solid waste materials combined with high-
temperature processing of incineration residues treatment (shown in Figure 42), and
chemical leaching procedures.

Waste Residues q Final
pretreatment treatment \ storage
Recycling of

by-products

Figure 42 Production of residues with final storage quality
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A summary of discussed landfill strategies (without waste pretreatment prior landfilling) is

given in Figure 43.

Animals  gcavengers
¥
Fence
Soil cover Scavengers
Fence
Fence
Landfill cover
/~Compaction
/
Base liner Surfac_:e water
drainage
Leachate Leachate
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: /~Compaction
Fence Daily cover Gas treatmpnt
[
[
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Base liner n  Surface water

- " drainage
" Leachate Leachate o
i‘l basin+treatment collection system i
i 1
II i
!l Monitoring !

Figure 43
landfill)

ECONOMIC IMPACTS

The costs of waste disposal options are depending on the:
¢ general landfill strategy
0 necessity landfill equipment
o technology for emission treatment

geological and climatic characteristics of the location

gross domestic product (GDP), and the
capacity of the disposal site

Landfill Management in Syria
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Figure 44 gives ranges for the disposal costs of different landfill strategies against the gross
domestic product. The upper values refer to small sites (waste disposal rates < 300 tons/day),
whereas the lower values are representative for large sites with a daily disposal rate bigger
than 2.000 tons.
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Figure 44 Disposal costs of different landfill strategies (modified after UNEP, 1996 and Olley, 1997)

Current expenses (1998) of solid waste management in Syria are shown in Figure 45. For
the final disposal of waste, only 10 to 20% of the overall waste expenses (equals 1 to 2 $/to
waste) are available. Thus, prevalent landfill strategy found in Syria (1998) is controlled
dumping.

In order to fulfil WHO recommendations (0,5 % of GDP should be spent for waste
management activities) the current expenses should be more than doubled up to 25 $/ton
waste. Assuming, that from this amount 10 $/ton are available for the disposal, a high
standard of engineered landfill, (including base sealing, leachate collection, waste
compaction, ...) would be affordable.

30

o5 1| HDisposal

H Collection + Transport

Waste Management Expenses
o

10 1
5 .
o .
Status Syria Recommendation
(1998) WHO
Figure 45 Waste Management Expenses Syria (METAP, 2000)
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Better achievement of landfill objectives (protection of human being and environment) by
enhanced landfill strategy is a long term development, since the policy of small incremental
improvements in landfill design and operation over several years is more likely to succeed
than attempts to make a single large technology leap.
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Introduction of two Landfill sites in Syria

Bachar Ibrahim, University of Damascus, Faculty of Agriculture

In general solid waste management in Arabic country have been characterized by the collect
and dump approach that has focused primarily on removal of waste from community and the
subsequent disposal without regard to its environmental impact.

In Syria the solid waste issues are consequently currently considered in the social and
economic planning. The achievement of the master plan on solid waste management is an
important step regarding solid waste management in Syria. In general, the mechanical
biological solid waste treatment approach is an appropriate methodology for the communal
solid waste treatment in Syrian. The establishment of compost plans, separation stations and
sanitary landfill sites are big challenges in Syria.

Landfill sites in General

The landfills can be divided regarding the disposed wastes into the following classes
= Landfills for Urban Solid Wastes;

= Landfills for Hazardous Wastes;
= Landfills for Inert Wastes.

Regarding the development of the landfills, the following approaches are to be mentioned
= Open uncontrolled dumping

= Controlled dumping
= Engineered landfill
= Sanitary landfill

Status quo regarding landfill operation in Syria

The establishment of sanitary landfills in Syria is newly adopted as a standard of the landfill
operation, with the aim to avoid or at least minimize the risks for public health and
environmental pollution. Regarding the master plan, 40 sanitary landfill sites and 22 compost
plans and 38 separation stations are to be established in the various governorates in Syria.

Dumping site management in Homs Governorate

The level of the operation and management system at the dumping site, Dir Baalba, is one of
the best systems in Syria

General information regarding solid waste management in Homs

The annual quantity of the solid waste in Homs is about

292 000 t / year, 800 t / d, it is includes garbage from households, commercial and public

sectors and consists of the following substances:
= Organic matter about 75%,

= Glass, metal and wood less than 2%,
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= Plastic about 9 %,

= Cardboard paper 8%,

= Textiles and other 5%,

= Glass, metal and wood less than 2%.

Regarding the available garbage collection vehicles at the governorate, wastes are collected
twice per day in the city and twice per week in the villages.

Description of Dir Baalab Dumping site

Dir Baalbah is located 5 to 6 km away from the city centre, nearby Tal Al Nasser. It has been
in operation since 1946.

The amount of waste transported to the landfill is about 410 000 t/year (1 100 t/d).

The site is lying on a layer of sandstone and chalky limestone. Analysis on samples have
show water is slightly polluted, the underlying layers are clayey.

The main groundwater table is estimated to be about 70 m below the soil surface.

Since 2001, the municipality started with the implementation of the pilot project “the
rehabilitation of the dumping site Dair Baalba”, with the aim to increase its capacity and to
eliminate the offensive odours, open fires, and decrease the ground water pollution.

Before the rehabilitation operation, wastes were dumped randomly on the site in piles with
small, narrow roads that hardly allowed normal circulation. Open fires were regularly lighted.

Dir Baalba Dumping site before 2001

The rehabilitation operations:

The rehabilitation of the dumping site was partially carried out on a yearly basis from 2001 to
2005.

The first stage of the rehabilitation had been started in 2001, in the part No.1, which is to be
seen on the layout plan of the site.

The rehabilitation procedure of this part was carried out as follow:
= Collecting all random wastes existing on this part of the landfill with an area of

160,000 m2 to form a layer, reaching 6 meters in height
= Pressing and leveling the waste
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= Covering the waste with two layers of soil the first is composed of slightly permeable
materials 50-60 cm thick and the other of agricultural soil 50 cm deep

= Building 35 wells as bio-gas outlets

= Planting the top layers with trees, and instillation of drip irrigation net.

= Building an entrance and a fence to surround the dumping site in order to keep the
homeless animals out of it and to prevent the scavengers from entering

= Establishing fixed and temporary lighting systems

The following pictures show some of the rehabilitation projects, which have been carried out
on the site

The Bio-gas outlet

After finishing the rehabilitation of the first part, a temporary discharge area of 3000 m? was
established, which is to be used in winter when the trucks may not be able to reach waste
collection location.

The rehabilitation of the second part started in 2002 and the rehabilitation of third part was

achieved during 2003-2004. The rehabilitation of the last part was started at the end of 2004
and will be completed at the end of 2005.
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Daily work schedule at the dumping site

The waste collection from Homs city and its surrounding areas achieved with 40% by private
sectors’ open trucks and with 60% by the governorate collection vehicles.

The operation of the landfill site is proceeding by the private sector under the supervision of
the municipality of Homs.

The employees of the dumping site are one engineer, two workers and nine guards.

The available vehicles are one bulldozer and one truck.

The work schedule at the landfill consists of three working periods .The first one goes from
8:00 am until 3:00 pm, the second from 3:00 till 11:00 pm, and the main period is from 11:00
pm till 4:00 am.

The daily collected waste, which is to be transported to the dumping site should first
monitored by the entrance guards, then it should be transported on the one-way to there
have to be hard-pressed and leveled, after that the covering operation is started and the
pressed area will be covered by soil.

The leached water is to be collected in the northern area, as seen in the picture , the
collected leached water does not have a treatment facility, except that the collected leached
water is pumped to the nearest waste body.

Comment:
= Only one road exists for the entering and coming back of the trucks.

= No impermeable layer is exists.
= No treatment system for the leached water exists.

Alhafeh Dumping site:

In the Syrian rural areas, most existing dumping sites are only open dumping site. There is
not any pretreatment and separation operation exists. In Alhafeh dumping site, the dumping
procedure of the collected waste is as follow:

The wastes have to be transported to the dumping site and to be pressed and covered with
soil.

At the dumping site there is no quality or quantity control of the waste.

The covering operation in Alhafeh was already started at the beginning of this year.

The following pictures show a short view on the site and its location near the dam Al-Thawra.
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