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PREFACE

The best way of learning is by doing. This manual

allows the user to explore the complex aspects of
hazardous waste landfill by working on practical
exercises.

The exercises are based on a case study specifically
developed for the manual. The case study is in the
form of a national report such as might be prepared for
any country around the world.

The entire set of exercises forms a simulation study to
solve the industrial landfill problems of a fictitious
country, Udanax. The problems are drawn from the
collective experience in several regions of the world.
Of course, other problems not listed in the manual can
also be encountered in many places.

The format of this manual follows that of an earlier
training initiative on hazardous waste management
policies and strategies. This involved a number of
training. workshops around the world, and the
publication of a training manual to allow others to
organise similar programmes themselves. An outline
of this manual is shown in Annex VI.

Like the earlier “Policies” manual, this manual has
its origins in the practical exercises used during the
training workshops organised by UNEP IE/PAC.

Formal lectures presented the factual information
needed for the casework tasks, country reports
explored the particular circumstances in developing
countries, and field visits demonstrated the practical
aspects of what had up to then been theory.

The deliberate ambiguity in some exercises, and in
background data, allows considerable freedom of
discussion. It also requires careful guidance from
expert session leaders.

Accordingly, some parts of this manual will not be
appropriate for individual study.

Nevertheless the individual will find many parts of the
manual rewarding and challenging.

As presently structured the manual serves best as a

resource book for the professional trainer.
Exercises can be selected, adapted and grouped into a
package for either short or long courses on hazardous
waste management. In its entirety the manual would
suit a curriculum extending over several semesters.

Many exercises require technical information as

input. Some of this is given in the tables and
figures of the manual itself. In a few cases the
references will need to be consulted.

As far a possible the manual has been designed to
stand by itself, although previous technical training is
of course necessary to understand the behaviour of
wastes, the functioning of treatment plants,
engineering aspects of landfills etc.

There are no “right” answers to the exercises. The
purpose of the manual is to provide insight into the
methodology and constraints of hazardous waste
landfill, not to turn out a numerical answer according
to pre-determined rules.

Accordingly it serves best as a component in a more
comprehensive training curriculum. This is the way it
is being used by UNEP itself.

The present version of the manual has been

compiled from diverse inputs. Proper waste
management is still a subjective art requiring
experience, insight, and adaptability.

Although the technical content has been reviewed by
hazardous waste experts, the manual is far from
perfect—additional material could be added, the
validity of the exercises will be sometimes disputed,
the layout could be improved.

No doubt some errors and ambiguities remain in the
text. Rather than spend more time on a lengthy review
process we have decided to publish it as it is, with an
apology in advance for any difficulties the user may
find.

Comments, corrections and suggestions received by
[E/PAC may find their way into future revised
versions.
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_ABOUT UNEP IE/PAC

,+UNEP’s Industry and Environment Programme
Activity Centre (IE/PAC) in Paris was established in
1975 to bring industry, governments and non-
government organisations together to work towards
environmentally sound forms of industrial
development.

IE/PAC seeks to:

* encourage the incorporation of environmental
criteria in industrial development,

» formulate and facilitate the implementation of
procedures to protect the environment,

* promote the use of safe, low- and non-waste
technologies (ie. cleaner production),

¢ stimulate the exchange of information on
environmentally sound industrial development.

One of the priority work areas for [E/PAC is the
Cleaner Production Programme. Cleaner production

is a broad concept that considers and minimises
environmental impact from all parts of the product
cycle, from conception and design of the product, to
economical use of raw materials and energy, through
to choice of low-waste manufacturing technologies
and its careful operation.

Even with maximum application of these principles,
there is often still a need for responsible residue
management. Accordingly, [E/PAC has developed
parallel activities on information exchange and
training in hazardous waste management, including
the facilitation of training workshops in all regions of
the world. Technical information is produced in
support of these workshops.

In pursuing these acfivities, [E/PAC works closely with
other UNEP units, and with other international
organisations.

EETU is concerned with all aspects of environmental
education. EETU promotes the incorporation of
environmental subjects into education programmes
around the world, as well as fostering more
specialised environmental training for professionals.

EETU has played a key role in the preparation of this
manual.

. The International Solid Waste and Public Cleansing
.Association (ISWA) is a worldwide association of
professionals concerned with the proper management
and disposal of waste.

Within ISWA, the Working Group on Hazardous
Waste (WGHW) is concerned with promoting the

rational management of hazardous waste. This is
carried out through the preparation of special
publications and the holding of conferences and
seminars. The Working Group has established a
Developing Country Programme which works closely
with UNEP IE/PAC on matters of training,

documentation, and information exchange.
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'HAZARDOUS WASTE ANEC
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"THE BASEL CONV

A major recent event in the area of hazardous waste
" was the coming into force in 1992 of the Basel
Convention on the Transboundary Movements of
Hazardous Wastes and their Disposal. This
Convention seeks to improve the national
¢ management of hazardous waste as well as of any
transboundary movements that may occur. By
outlining a training programme for the national

i ..authorities this manual can assist in the

-implementation of the Convention by signatory
* countries.

' 'i"hc_,:implementation of the Convention is facilitated
and ‘monitored by the Secretariat of the Convention,
. located in Geneva, Switzerland.

The Secretariat has contributed to this and previous
manuals by way of technical advice, and information.
The Guidelines in Annex III were produced by a
technical working group convened by the Secretariat.

Further development of training initiatives and
technical guidance on hazardous waste management is
available from the Secretariat as well as from [E/PAC.

For further information about the Basel Convention
and the activities of the secretariat write to:

Secretariat of the Basel Convention
Palais des Nations

1211 Geneva

Switzerland

LI E—

Since the original much shorter version of this manual

see=avas first used in UNEP workshops, considerable extra

material has been added. Suggestions and helpful
, criticism have been received from many sources, in
particular:

— A. Archer, J-M. Baldasano, S. Blackley, R. Cortes,
K. Curi, B. Gade, P. Gelabert, G. Gonzalez, M.
Lais Guzzo Leao, A. Khan, A. Rivera- Cordero, N.
Singh, J. Smith, J. Ward, who participated in
workshops, and reviewed all or part of the earlier
versions, and contributed materials to the text.

w ~— Andrew Ryan from Shanks McEwan who
provided valuable guidance and technical
information. Technical information and advice
was also received from T. Christensen, J.
Egerszegi, E. Kupchanko, P. Manczarski, S.
Moore, J. Nagendran, M. Nash, Y. Tada, M.
Worrall, E. Zempel, A. Lindsay, the Secretariat of
the Basel Convention..

— Participants of several UNEP workshops who
' trialled out some of the exercises.

The first draft of this manual was prepared by Dr, C.
Visvanathan under contract to UNEP.

Information about operating landfills was provided by
BFI Puerto Rico; AVR, Rotterdam; L. Diaz,
California; C. Potter and E. Kupchanko, EMDI,
Indonesia; P. Manczarski, Poland; E. Kempa, Poland;
J. Egerszegi, Hungary; V. Tada, Japan; J. Nagendran,
Alberta, Canada; JvR Stander, Republic of Somh
Africa; A. Portelli, Malta.

UNEP and ISWA owe a special thanks to Dr.G.Tharun
of the CDG-SEAPO (Bangkok) whose ideas on
groupwork training were an important early source of
inspiration in structuring the IE/PAC training
manuals.

A number of the exercises and some of the material
are drawn from an ISWA workshop held in Honolulu
in September 1989, under the leadership of John,
Skinner, the then Chairman of ISWA's Working
Group on Hazardous Waste.
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This manual deals with the problems of a fictitious
country, Udanax.

Consciousness of hazardous waste and pollution has
been growing steadily in Udanax.

However there is still little reliable documentation,
and opinion is divided over how serious the issues
really are. There have been some attempts by
authorities to control pollution, but they have not been
systematic, and results have not been satisfactory in
all instances.

A recent survey carried out by the National
Environmental Bureau reveals that eighty percent of
the total hazardous wastes is produced in Udanax
City, the country’s capital. Industrial activities in
Udanax City occur principally in two industrial estates
situated in the northern and southern parts of the city.
Practically all aqueous toxic wastes are discharged
into the municipal sewers or into nearby surface
drainage systems. Solid wastes are either dumped in
the municipal dumpsite or stored on the producers’
premises.

The pollution due to hazardous wastes has already had
an impact on the local economy and environment.
Groundwater aquifers in both industrial estates are
polluted, and the Ministry of Health has recommended
not to use these sources for drinking water. There is
surface water and coastal pollution in some parts of
the city due to municipal dumpsites.

Concerned about. the degree of hazard posed by
hazardous industrial wastes, Udanax City Council has
recently reviewed the current status of hazardous
waste management, and proposed a set of technical

and administrative measures to rectify the present
situation.

Although other measures are also proposed, the
Council considers that a part of the current waste
stream needs to be disposed of in a landfill site.

Following the review, a Task Force was created to
carry out a detailed investigation on landfill disposal
options, and prepare technical and administrative
guidelines for hazardous waste landfilling. This work
is proceeding in several stages:

i) identification of hazardous waste to be
landfilled
ii) site selection and EIA
ili) engineering aspects of landfill
iv) operation and management of landfills
v) administrative procedures for landfills
vi) eventual landfill closure and site rehabilitation

As a new landfill site is still some years off, the Task
Force is also considering what intermediate temporary
measures can be taken to reduce the risk from
industrial wastes at existing dumpsites.

In order to better review the situation in Udanax, the
Task Force commissioned the National Research
Institute to prepare a country report of important
background information. The Task Force will
ultimately publish its final conclusions for public
review.

This manual will simulate the work of the Task
Force and its expert working groups.
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WORKING DEFINITIONS IN HAZARDOUS WASTE
MANAGEMENT AND LANDFILL DISPOSAL
USED IN THIS MANUAL

S it

Absorptive capacity: The maximum amount of liquid taken up and retained by unit weight of solid in a landfill
before leachate is produced.

Audit: A systematic check of relevant aspects of an operation. Audits may include energy, wastes, or a full
environmental audit of all matters that influence environmental performance.

Attenuate and disperse: Landfills which allow the migration of leachate and where conversion of the polluting
species within the leachate takes place mainly in the strata beneath or around the site.

Biological treatment: A method of wastewater treatment in which bacterial or biochemical action is intensified
to stabilise and oxidise the unstable organic matter.

Capping: The covering of a landfill with low permeability material to minimise the infiltration of rainfall, to
control gas migration and to provide a base for the site’s restoration.

Chemical fixation: A process whereby waste is bonded chemically to a stable inert matrix.

Chemical treatment: Any water or wastewater treatment process involving the addition of chemicals to obtain a
desired result such as precipitation, coagulation, flocculation, sludge conditioning, disinfection or odour
control.

Cleaner production: A concept of industrial production which minimises all environmental impacts through
careful management of resources use, of product design and use, systematic waste avoidance and
management of residuals, safe working practices, and industrial safety.

Cleaner technologies: Production processes or equipment with a low rate of waste production. Treatment or
recycling plants are not classed as clean technologies.

Co-disposal: The disposal of limited amount of certain hazardous wastes (solid and liquid) with household and
similar waste in such a way that the final deposit has an environmental i 1mpact no worse than that resulting
from the disposal of household waste alone.

Containment site: Landfill site where the rate of release of leachate into the environment is extremely low.
Polluting components in waste are retained within such landfills to allow biodegradation and attenuating
process to occur. :

Corrosive: Ability to damage or destroy organic tissues or other materials by chemical action.

Cover: Material used to cover wastes deposited in landfills. Intermediate cover is used to cover each lift or layer
at the end of the working day. Final cover is the layer, or layers of materials placed on the surface of the
landfill prior to its restoration.

Disposal: The discharge of deposit of waste into the environment, or the complete destruction of waste without
residue.

Disposal facility: A plant or structure used for the destruction, removal and disposal of waste materials.
Recycling plants are sometimes included under this definition,

Dump: An uncontrolled disposal site where no attention is given to safety or environmental factors.
Effluent: Any liquid waste discharged through pipelines from industrial or municipal sources

Environment: The physical factors of the surroundings of human beings including the land, water, atmosphere,
climate, sound, odours, tastes; the biological factors of animals and plants and the social factor of aesthetics,
and the relationship among them.

Flammable liquids: Liquids with a flash-point below 61°C when determined by the methods designated by the
Institute of Petroleum, England.

Hazardous: Harmful or dangerous.
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Hazardous waste: Any waste containing significant quantities of a substance which may present danger:
(i) to the life or health of living organisms when released into the environment.
(if) to the safety of humans or equipment in disposal plants if incorrectly handled.

Hazardous properties include toxic, carcinogenic, mutagenic or teratogenic characteristics, as well as
flammability, chemical reactivity or other biologically damaging properties (including radioactivity).

Incineration: Combustion or controlled burning of volatile organic matter in sludge and solid waste which
reduces the volume of the material while producing heat, dry inorganic ash, and gaseous emission.

Inert waste: Waste for which the environmental impact of deposit is not greater than that of topsoil.

Landfill: A controlled site for disposal of wastes on land, run in accordance with safety and environmental
requirements laid down by a regulatory authority.

Leachate: Liquid which has percolated through or drained from waste material and which contains soluble
components of the waste.

Management: Effective control of activities involving waste materials. Cradle-to-grave management involves
the supervision of all phases in the life cycle of a waste material.

Manifest: A certificate or trip-ticket, usually comprising multiple copies, which accompanies a load of
transported waste so as to verify that it has reached its intended destination.

Minimisation: Actions to avoid, reduce or in other ways diminish the volume or the hazards of waste at their
source. Recycling is, strictly speaking, not a minimisation technique, but is often included in such
. programmes for practical reasons.

Monitoring: A continuous or regular periodic check to determine the environmental impact of waste facilities or
to ensure compliance with site licence conditions.

Mono-disposal: A landfill operation where only one type of waste is deposited.

Multi-disposal: A landfill operation where number of types of wastes are deposited together but without
deliberate aim of reacting them together.

Municipal wastes: The combined residential and commercial wastes generated in a given municipal area. The
collection and disposal of these wastes are usually the responsibility of the local government.

Off-site: Away from the site of production of waste.
On-site: On or adjacent to the site of production of waste.

Pre-treatment: Initial treatment of waste materials to make them safe to handle, or precondition them for
subsequent processing or disposal.

Recycling: The retrieval of materials or products either for re-use in their original form or for reprocessing into
products of similar composition.

Recovery: The removal of recyclable materials from the waste stream.

Risk: The probability of injury or loss, or of a hazardous event occurring (some definitions include consideration
of the magnitude of the event).

Ségregation: The physical separation of different consignments or parts of a consignment of waste.

Stabilisation: A general and non-specific term describing a chemical transformation to a more stable, or a less
soluble, form.

Toxic substance: Any substance producing a harmful effect on living organisms by physical contact, ingestion
or inhalation.

Treatment: A change in the composition or concentration of a waste substances so as to make it less hazardous
or to make it acceptable at disposal facilities. Sometimes treatment can result in complete elimination of
waste components. It is then also a disposal technique.

Waste: Any matter prescribed to be waste under legislation, any material listed as waste in appropriate schedules,
and in general, any surplus or reject material that is no longer useful and which is to be disposed of.
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" INTRODUCTION TO LANDFILL

OF HAZARDOUS INDUSTRIAL WASTE

Control of Hazardous Waste

L.

Hazardous waste is now as an important
environmental and health issue, but it was not
always so. Until recently, many industrial wastes
were carelessly dumped without regard to the
consequences. In fact, this situation is still
common in many places, and workers and the
local population around dumpsites continue to be
at significant risk. -.

A real assessment of the impact of hazardous
waste is difficult to carry out, but we know from
personal observation and local information that
the environment is suffering, that workers' health
is deteriorating, that groundwater is being
contaminated, that land resources are being
damaged. Both present and future populations
are victims of this situation.

Many solutions have been proposed to improve
the management of hazardous waste. It is now

The Role of Landfill

accepted that the best approach is to produce less
waste by adopting cleaner production methods in
industry, and by minimising wastes wherever
possible. If wastes are nevertheless produced,
they can often be recycled or reclaimed.

Only when the above possibilities have been
exhausted should treatment and disposal be
considered. Proven, safe methods of disposal
need to be selected. Further research may also
produce new or cheaper methods of disposal in
future.

The various components of a hazardous waste
strategy are described in a separate manual on
Policies and Strategies for Hazardous Waste
Management (see Ref. 1, p.35). This note will
introduce the role of landfill within such a
strategy.

6.

Even with effective waste reduction programmes
and an integrated system of treatment facilities,
there will remain some wastes for which landfill
(under controlled conditions) is the only feasible
disposal option. Safe landfill will always be an
important part of a waste management strategy.
Where comprehensive facilities do not yet exist,
the role of controlled landfill will be
proportionally greater as an interim method. The
role of landfill will diminish as a complete
strategy is gradually put into place and
implemented.

If we have to use landfill, we must learn how to
do it well. We must be clear about the
circumstances and the wastes for which landfill
is really necessary, when to carry out pre-
treatment, and when to recommend other
methods of disposal.

When we use landfill we must carry it out safely,
and in the right place. As buried wastes remain

in place for a long time, we must know what to
do with a site after it is closed.

Landfill will often be used as a temporary
disposal measure while other waste management
measures are being implemented. The objectives
and priorities of temporary landfill operations
are somewhat different to those recommended
for permanent installations. A high level of
safety and performance must of course be
maintained, but some changes to administrative
requirements and legal constraints may be
necessary.

Whatever the circumstances, we should always
consider how landfill plays its part in a larger
hazardous waste programme, and not as an
isolated operation run for short-term expediency.
Such a clear view is necessary by both the
regulatory authorities and the site management.

Management Elements for Hazardous Waste Landfill

3l

The correct identification of industrial waste is
an important first step in a landfill disposal plan.
Identification requires knowledge of the source
of the waste and its chemical composition,
including any trace constituénts in supposedly
‘non-hazardous' wastes. Identification can be

based on chemical analysis of incoming wastes.
Past experience shows that the same industrial
process around the world usually produces
similar waste types. Identification of process
origin thus already gives much of the
information for early management decisions.
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13.

14.

10

A practical waste classification system is at the
heart of the. identification procedure. The
classification system should be in accordance
with established criteria of chemical
characteristics of waste, its process origins, and
its hazard properties. These criteria are
elaborated in various national and international
reference documents. The Basel Convention, for
example, lists the waste characteristics and
properties that have now been accepted by much
of the international community.

Few sites are naturally fully suitable for the
disposal of industrial wastes. However, site
development techniques have improved in recent
years so that it is now possible to build facilities
that give good environmental performance for
many wastes, especially if they are adequately
pre-treated (liquid wastes, incidentally, are no
longer regarded as suitable for landfill). The
engineering techniques will depend on local
considerations of geology, of the type of waste,
climate, and level of ongoing operation. Features
include artificial membranes, the use of special
waste cells, impermeable capping, and leachate
collection drains. Site licences may make such
engineered safeguards mandatory.

The environmental impact of a landfill site
depends on the interaction of the wastes
deposited with the physical and operational site
features. Once these features have been selected
“in principle”, it is possible to carry out an
environmental impact assessment for the site.
The assessment may suggest further
modifications to the engineering or to the waste
pre-treatment in order to give a higher level of
security. Site assessments may use checklists of
possible impacts, modelling or other predictive
methods, and risk assessment to see if the impact
is acceptable. Formal studies constitute an
Environmental Impact Assessment (EIA). The
assessment document is called an Environmental
Impact Statement (EIS). The decision to proceed
with a landfill project will also take account of
economic, social and political factors.

Competent, safe operation is one of the features
that distinguishes a landfill facility from a
dumpsite.

Careful operation can make up for some
deficiencies in siting or design. Conversely,
careless site management can turn even the best
designed facility into an environmental disaster.

As landfills usually accept wastes from a
multitude of sources, operational procedures
must be inherently cautious. The greatest
possible safeguards against waste smuggling
must be taken, loads must be regularly checked,
and precautions taken to avoid accidents.
Technical staff must be trained to handle
exceptional circumstances as well as the day-to-

18.

19.

20.

21.

day running of a landfill. Operations must be
regularly monitored to give the manager
information about the performance of the site.
Public relations is also becoming more important
in site management.

The correct choice of site, design, and operation
is unlikely to occur if it is not demanded by law.
Regulations may take the form of general
standards for landfill siting and management, or
as site-specific licences. Frequently both are
applied together. Regulations need to be
enforced, and this relies on inspection and
monitoring. An administration is thus necessary
to oversee and control landfills. Public
involvement in regulatory affairs is now more
and more necessary in all countries. Often, there
is widespread mistrust of the operators and of the
regulatory agencies. An open-door policy and a
high level of transparency in operations can help
to overcome some of this mistrust.

Wastes buried in a landfill will remain there after
the site operator departs. Public access after
closure and re-development of the site will be
key concerns of the community when new
landfill proposals are announced. It is necessary
to address these issues from the outset, and take
measures to guarantee long-term safety. Ongoing
monitoring of the site is one aspect of such long-
term care. Financial liability and possible
retrospective site action at some future time must
also be assured. Legal responsibilities of the
operator and the waste generators must be
defined at the outset.

For many communities the rehabilitation of
dumpsites which already exist is also important.
Here, decisions of site location, design, and
operation were made long ago, and management
options now concern upgrading rather than
approval. Upgrading is not easy. Technical
choices may be limited, finance scarce, and
competent operators not available. Public
opposition may already be high. The upgrading
of old sites is now a major challenge to many
authorities. Each case must be dealt with
separately, using the technical criteria for new
sites to guide the practical rehabilitation
techniques that have been developed.

Even for new sites, compromises may be
necessary in many countries. A small scale of
operation does not always permit a high
technology design. Natural features are often not
favourable, and finance for industrial
infrastructure such as pre-treatment facilities is
scarce. Again, the current technical wisdom has
to be adapted in the light of circumstances so as
to establish the best operation that is feasible.

For many countries, co-disposal of industrial
waste with urban refuse is one of the
compromises that will probably have to be made,




at least in the medium term. This is especially
true for small countries that lack large industries
which could financially support a purpose-built
landfill. In these cases, the adaptation of
engineering and operating procedures to serve
the dual industrial/municipal disposal role will
be particularly exacting if public and
environmental health is to be maintained.
Nevertheless, the principles developed for
advanced industrial sites will also find
application in these circumstances.

LANDFILL OF INDUSTRIAL H AZARDOUS WASTES

should then be managed to serve also as a bridge
to developing other facilities. An existing landfill
can assist in estimating waste types and
quantities, helps to train local staff to and handle
industrial wastes, and serves as a political and
social initiation to the realities of waste
management. The site may accommodate
temporary or experimental treatment plants for
special waste. Any such dual role must be built
into the operating procedures, and approved by

the regulatory authorities.

22. A landfill site is often the first industrial waste
disposal facility to be established. The site

Summary

23. Despite other important initiatives in hazardous

waste minimisation and treatment, safe landfill
disposal remains a necessary part of a
management strategy. Accurate identification
and pre-treatment of wastes is a prerequisite to
safe operation. Landfills need to rely on both
natural and engineered safeguards, and be
operated in accordance with regulatory
requirements. New landfill projects should be
subject to rigorous environmental assessment.
Reclamation after closure is an important

24.

consideration in planning and operating of a new
site,

In some circumstances, standard site
development and operating procedures must be
adapted to the needs of communities that have
no means to carry out a large project. Co-
disposal is one example of a generally non-
recommended technique that will nevertheless be
used in practice. The rehabilitation of existing
dumpsites also presents particular challenges, as
neither the site nor the operation are usually
ideal.

11
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LOADS* F Ra M‘-.\.‘::":-."NB UST-Fﬂa, L 'Pf -ANT

Industry & Process | Waste Quantity Nature of Waste
| (kg/tonne of production or output)

Vegetable oil refining | 4.7 Purification muds soaked in oil
Pulp mills 50.0 Cellulose, lignins, reducing sugars, etc.
Phosphoric acid J 4 750.0 Gypsum when removed from the effluents
Pesticides 200.0 Containers, bags, 1.5% active toxic material, etc.
Latex paints 5.8 Paint sludge?, waste solvents etc.
Pharmaceutical chemicals 800.0 Waste solvents
Rubber tyres 55.0 Rubber waste, fillers, etc.
Metallurgic coke oven 55 Condensate and sludge? with Cr, Cu, Pb, Zn; oil
Blast furnace 348.0 Slag (Cr, Cu, Mn, Ni, Pb, Zn) )

16.2 Dust (Cr, Cu, Mn, Ni, Pb, Zn)

244 Sludge? (Cr, Cu, Mn, Ni, Pb, Zn)
Steel foundries 361.0 Slag, dust, refractories

X 780.0 Sand

36.4 Sludge? ﬂ
Primary tin smelting 915.0 Slag (Sn, Pb, As, Zn, Sb)
Cu electroplating 9.0 Cu in the effluent treatment sludge?
Ni electroplating 40 Ni in the effluent treatment sludge?
Cr electroplating 250.0 Cr in the effluent treatment sludge?
Zn electroplating 220.0 Zn in the effluent treatment sludge 2

Source: Rapid Assessment of Sources of Air, Water, and Land Pollution, WHO, 1982,

Table 1: Municipal solid waste factors for different regions of the world3
Area Municipal wastes
Lowest income areas in South East Asia 0.4 kg per person per day
Typical cities in Asia, North Africa, and South America 0.7 kg per person per day
Typical cities in industrialised nations 1.1 kg per person per day
Typical cities in wealthy regions (USA and Gulf countries) 2.5 kg per person per day

Source: Rapid Assessment of Sources of Air, Water and Land Pollution, WHO, 1982.

1 Values for other industrial processes not listed here may be found in the source reference for this table, or elsewhere.
2 Note that many sludges have high liquid content. Some sludges should therefore be handled as liquids.
3 Based on fieldwork, unpublished data.

W
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Table 2: Composition and density of municipal wastes in different countries*

Waste type (%) Britain India Mexico Tunisia Ecuador
Vegetable putrescible 280 752 55.0 80.8 65.5
Paper 37.0 5 15.0 9.6 17.9
Metals 9.0 0.1 6.0 2.1 14
Glass 9.0 02 4.0 1.1 1.7
Textiles 30 3.1 6.0 29 3.1
Plastic and rubber 30 09 40 1.2 27
Miscellaneous combustible 1.0 0.2 20 0.5 3.0
Misc. incombustible 1.0 6.9 6.0 0.1 0.9
Inert below 10 mm 9.0 12.0 0.0 1.8 38

(30 mm)
Density, kg/m3 150.0 570.0 321.0 292.0

Source: Rapid Assessment of Sources of Air, Water, and Land Pollution, WHO, 1982.

Table 3: Quantities of wastewater sludges>: ©
Quantity of sludge

Treatment Process Wet Dry

kg/m?3 of m3/1000 | kg/1000m? of kg/1000

sewage persons/day sewage persons/day
Primary sedimentation
» Undigested 3.0 0.6 150 .30
* Digested in separate tanks 1.5 0.3 90 16
* Digested and dewatered on sand beds 0.2 0.1 90 16
Trickling filters 0.8 02 57 12
Chemical precipitation 53 1.1 396 79
« Dewatered on sand beds 14 0.3 396 79
Primary sedimentation and activated sludge '
* Undigested 7.0 14 280 56
* Digested in separate tanks 2.0 04 168 33
* Digested and dewatered on sand beds 04 0.1 168 33
Activated sludge
» Wet sludge 19.5 39 270 17
Septic tank sludge, digested - 0.2‘ 97 20
Imhoff tank sludge, digested - 0.1 83 17
Table 4: Water treatment sludges—lime-soda softening
Sediment per 1000 m3 of water treated = 0.2 t (dry weight) or 2000 litres (sludge).

Source: Water Treatment Plant Design, New York, N.Y., 1968.

4 Flintoff, F. Personal communication.
5 Basedona sewage flow of 200 litres/person/day or 0.06kg/person/day of suspended solids in sewage.
6 Adapted from Metcalf & Eddy, Inc. Waste Water Engineering, New York, N.Y., McGraw Hill, 1972.
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Table 5:

In many situations, it is not feasible to calculate
wastes from each factory in order to obtain a regional
or national total.

In such cases, it is possible to use a set of waste
generation coefficients based on national employment
or other criteria. The table below gives a set of
coefficients developed in Canada in 1982. Note that
the resulting waste loads may be liquid or solid, and
hence do not necessarily indicate what would go to
landfill. They do however permit a rapid overview of

Coefficients used to estimate Waste Generation?

National Industrial Hazardous Waste Coefficients

national waste generation, and so give a better focus to
subsequent surveys. The only input data required is
national employment statistics in various industry
sectors.

The use of this and other rapid assessment tools is
explained in more detail in the UNEP IE/PAC
publication "Hazardous Waste Policies and
Strategies: A Training Manual" Technical Report
Series N°10, 1991

tonnes of waste / 1 000 production employees / year
Industry | 5 £ ) ” o

X Sector| ¥ I - 3 é 5 gg
gsicy| 8 S a 32 9 = £ 3%

= o o5 w
< Og Sw © 42 do Ro B EE 2 Ze
48 g3 =5 £9 33 G5 U5 %5 98 £ 39
SS EE 88 FE 22 33 o3 23 28 § . ®5
38 53 8¢ &2 UE 22 20 89 23 fo 32

LF @ =a aa Oa Za oo ~a W ol =

Item 31 32 33 34 35 36 37 38(a) 38(b) 38c) 39 °

Plating/metal treatment 02 02 03 03 03 02 01 400 100 100 200
Acids 03 1.0 01 1.0 502 5.1 4017 500 99.9 100.0 50.0
Alkalis 1000 14 30 6.0 2006 502 1004 50.0 100 20.0 30.0
Inorganic wastes 20 34 40 100 40.1 803 402 80 60 80 6.0
Reactive waste 00 00 00 40 80 00 20 20 20 00 20
. Paints, resins etc. 00 86 200 200 201 100 00 200 10.0 20.0 100.1
Organic solvents 20 23 20 50 70 01 10 50 30 1.0 6.0
Putrescible wastes 2000 50 10 50 100 00 00 00 10 50 100
Textile wastes 00 692 00 00 100 00 00 00 00 00 150
Oils/oily wastes 100 382 100 100 802 100 602 300 599 300 300
Contaminated containers 20 1.3 20 20 20.1 1.0 20 3.0 20 100 100
Inert wastes 100 173 20.0 50.1 200.6 401.8 2009 40.0 30.0 40.0 30.0
Organic chemicals 02 01 01 02 20 00 00 00 00 01 02
Pesticides 00 00 01 01 100 00 07 01 02 10 0.1

7 These coefficients were developed for a hazardous waste strategy in Victoria, Australia, in 1985. They are based on a survey
of industries carried out in Canada in 1982. The situation in other countries rhis year will differ to a greater or lesser extent from

this.
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EXAMPLES OF LANDFILL SITES ACCEPTING;”_.
"SPECIAL INDUSTRIAL WASTE

1. C2 Landfill Site, Rotterdam, The Netherlands

Objective

Controlled permanent storage of non-treatable chemical residues.

Main design and construction features

Landfill type
Amount of waste deposited
Wastes accepted include

Total volume of the landfill
Location

Liner system

Leachate collection
Site closure & rehabilitation

Major environmental impacts

Containment, special waste only, engineered site.
30,000-50,000 tonnes/year.

Metal sludge: originates mainly from the treatment of wastewater from
electroplating and engraving plants. It contains various heavy metals and other
components.

Leather tanning sludge: ongmales from treatment of wastewater from leather
tanning plants. Chrome is the main contaminant.

Gas scrubber sludge: originates from incineration of chemical waste and it
contains various heavy metals.

210,000 m3 of concrete tank.

Sited at Massvlakte. It is a large scale industrial and port area with coal and oil
terminals, harbours and canals. This site was created by hydraulic sand filling
of a part of the Haringvliet estuary.

Synthetic liner to protect the walls. Below the drainage system is a layer of cast
asphalt and a layer of mastic asphalt.

Drainage system is placed at the bottom of the landfill structure. The leachate
is collected through this drainage network and transported to the treatment
plant.

The landfill is covered with two layers of HDPE8 liner, with a clay liner in
between. A dune is created at this site by covering the landfill site with a sand
bed.

During construction: minor lowering of the groundwater; noise due to pile
driving but mainly restricted to a zone of maximum | km from the site. During
filling: no odour problem, as putrescible waste is not accepted at this site; dust
nuisance from fly ash.

8 High density polyethylene

16
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Co Landfill site lay-out, Rotterdam

Figure 2:
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2. Treatment and Disposal Centre, Kettleman Hills,
California, USA

Objective

Treatment and controlled storage of hazardous wastes.

Main design and construction features

Landfill type

Wastes accepted

Treatment methods
Location

Liner system

Site closure and rehabilitation

Monitoring

18

Engineered and constructed for secure containment of solid hazardous wastes.

Residues taken to the site include all solid, semi-solid, and liquid hazardous
and extremely hazardous, restricted and non-restricted wastes, excluding Class
A explosives, radioactive materials, biological agents, and certain air and water
reactives.

Preparation of solvent derived fuels; chemical fixation; cyanide treatment;
drum decantation; PCB transformer services; solar evaporation.

Kettleman Hills (Central California) approximately 200 miles south-east from
the San Francisco Bay Area.

Following excavation, a neutron probe is placed in the vadose zone for
moisture detection. Above the monitoring system, a lm layer of compacted
clay is installed as the secondary containment liner. Over the clay, a synthetic
liner is installed (60 mil HDPE Geomembrane). Above the secondary clay and
synthetic liners, a leachate collection and removal system is constructed. The
system involves several separate layers including natural gravel and synthetic
materials.

The protective layers are then repeated, including a primary clay liner, primary
synthetic liner, and primary leachate collection and removal system. A 60cm
layer of soil protects the liner from damage by heavy equipment.

When the landfill reaches its maximum designed capacity, a protective cover is
constructed. This cover includes compacted clay and polyethylene liners and a
geonet layer for drainage. Natural vegetation is replanted to minimise erosion,
and the surface sloped to promote drainage of rainwater away from the landfill.

A total of 32 wells have been installed to monitor the groundwater. In addition,
the site has five permanent air monitoring stations. The stations collect samples
24 hours, seven days per week. Meteorological data are collected from three
stations.
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Figure 3: Kettleman Hills Hazardous Waste Management Facility
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3. Cibinong Hazardous Waste Site, Indonesia

Objective

Controlled disposal of stabilised industrial waste. A wide variety of inorganic wastes will be accepted in drums or
in bulk at the reception area for testing and pre-treatment and stabilisation prior to deposit in lined disposal cells.

The landfill is the first phase of an integrated waste management site (treatment, storage, disposal). Included in the
first phase is a cement kiln fuel blending operation.

The site has been designed and built for the Indonesian government by a large western contractor. The agreement
stipulates emission and effluent standards and operating procedures.

Main design and construction features

Landfill type
Amount of waste deposited

Total life of site
Location

Liner system
Site rehabilitation

Major environmental impacts

Containment in specially designed, lined cells.

Estimated at 28 000 t/a

Only inorganic waste suitable for chemical stabilisation (or already stable) will
be accepted. Final material to be filled must meet a leachate test similar to that
used in the USA. Stabilised material is placed in the landfill in the wet state and
allowed to harden.

Estimated at 10 years
Cibinong, Indonesia. Hilly site in rural area. High rainfall.

HDPE base liner, leachate collection and treatment, surface liner, surface runoff
control. '

Clay cover, HDPE or clay cap, surface drainage system, final cover and
revegetation, proposed after-use as wildlife refuge.

None expected as no putrescible or soluble waste will be accepted. All
environmental issues were addressed in a pre-construction EIA

Figure 4:
Cibinong
hazardous
waste site
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4. Hazardous Waste Landfill Site, Trzesieka, Poland

Obijective
Landfill disposal of hazardous waste from galvanising plant in Trzesieka.

Main design and construction features

Landfill type Hazardous waste landfill (constructed in May 1991), waste disposal in
separate isolated cells.
Total disposal area: 2 000 m?.
Hazardous waste consists of different chemical residues including heavy

metals.
Projected operation time 10 years.
Location The village of Trzesieka near the city of Szczecin.
Liner system 2,5 mm HDPE liner.

Site closure and recultivation Closure cap (HDPE liner), plus 50 cm of cover material and topsoil (for
vegetative growth).

Figure 5: Hazardous waste site in Poland

embankment

landfill cell
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5. Hazardous Waste Disposal Site,
Aszod, Hungary

Objective

Secure landfill disposal of industrial waste from all over Hungary.

Main design and construction features

Landfill type

Amount deposited

Location
Liner system
Leachate collection

Duration of operation:

Major environmental impact

The landfill comprises two zones, the first for Class I wastes, the second for
less toxic Class II wastes. Class [ wastes are accepted in either drums or larger
containers made to fit the above-ground, pyramid-shaped entombments. Class
Il wastes are disposed to cells dug into the ground, prepared with clay, then
fitted with HDPE liner. Cells operate under a moving roof to keep rainwater
from infiltrating.

1989: 5200 m3; 1990: 6100 m3; 1991: 5060 m3.

The disposal site accepts wastes defined as hazardous waste Class I and Class
II under the Hungarian regulations, includes: poisons, acid sludges, alkaline
sludges, galvanic sludges, incinerator ash and paint sludges, plastic refuse,
plaster sludges, sludges containing metals or phosphate, asbestos,
contaminated soil.

The landfill cannot accept: combustible, explosive, radioactive, biodegradable
and liquid hazardous wastes. '

On an old military shooting-range in a valley between hills near city of Aszod:
Though the site has a deep natural clay base, a 2mm thick HDPE lining is used.

Can be collected from part of the area. When generated—none so far—
leachate will be treated in an engineered structure on the disposal site.

Up to 25 years.

None.
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Hazardous waste disposal site

at Aszod, Hungary

Figure 6:
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6. Sakai Section Reclamation Site, Osaka Industrial
Waste Management Public Corp., Japan

Objective

Disposal of non-hazardous industrial waste from Osaka prefecture.

Main design and construction features

Landfill type
Amount deposited

Location

Liner system

Leachate collection

Site closure and rehabilitation:

Major environmental impact

Controlled deposit. The site is constructed in the sea.

1989—

Non-hazardous industrial wastes: 2,966,000 tonnes/year

Sludge from water supply and sewerage: 111,000 tonnes/year

Cement solidified hazardous wastes: 1,000 tonnes/year

Solidified organic sludge: 2,000 tonnes/year

Hazardous wastes are solidified with cement at the Osaka industrial waste
intermediate treatment centre. The centre is located in the disposal site, and
solidified wastes are filled. Organic sludges are also solidified with a
coagulant.

In the area of Sakai Port, in Osaka bay.

There is no liner system. Wastes are dumped on the layer of clay soil at the
base of the reclaimed area. The wastes are isolated by the clay soil so they are
never in direct contact with sea water.

The wastes remain isolated by the clay so leachate does not generate.
Not yet decided. Part of the site is provisionally used for a park.

The qualities of the sea water around the site and pond water are tested
periodically, there is no impact from the landfill site. The major change is that
of reclamation of the sea. :
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Plan of reclamation for

Figure 7
Sakai Section

Reclamation Site, Japan

Juaunjueqwa Aemiieq

2Jjua juswijeal}
||||||||||||||||||||||||||||| = e : ajelpauLiajul

a|qqnu ‘pues

A" 4 O R S, | S Buisn saniioe)
A M ey peemmmmmmn pmmmmneee " uonoNpal
0 a1sem

yueq yonied A»- &

e L

.......................................... _ eze|d UsaIn

uopoasqns uonewe|aas A1epuoasas :2% M&uw%%.ﬂw oy

ajeb Bujdeooe » Bupjoayn

Since the land reclamation waste disposal operation began in 1974,
a total of eighty hectares of land has been reclaimed.
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7. Hazardous Waste Treatment and Landfill Facility,
Swan Hills, Canada '

Objective

Safe disposal of all classes of hazardous wastes (with the exception of explosive, radioactive and biomedical
wastes) from within the Province of Alberta. All treated and stabilised wastes from the plant’s incineration,
physical/chemical and stabilisation units go into the landfill cells.

Main design and construction features

Landfill type

Liner system

Amount deposited
Location
Site closure and rehabilitation

Major environment impact

Artificial complete containment.

The cells are classified as Class I landfill cells which require two liners of
which at least one is a synthetic liner, a leachate collection and removal
system, a leak detection system between the two liners, a surface run-off
control system and a groundwater monitoring system.

The cells are excavated in the thick layer of natural clay beneath the site and
incorporates an abrasion resistant geotextile liner, an HDPE liner and another
abrasion resistant geotextile liner. Above the HDPE liner is the leachate
collection system consisting of a sump and piping allowing for the extraction
of any liquids that may accumulate. A leachate monitoring system below the
HDPE liner is used to check for leaks even though no liquids are placed in the
cell. Each cell is enclosed in a moveable building to keep out rain and snow,
and minimise dust when in use. When full, a HDPE cap is heat-welded to the
HDPE liner and the cell is covered with clay and soil and revegetated. The size
of the average cell is 50m long, 22.5m wide and 5.4m deep.

Approximately 15,000 m3.
Central Alberta, 12km north east of the town of Swan Hills.
Closure plan established and responsibility of the Government of Alberta

None identified.
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Hazardous waste treatment and landfill facility, Swan Hills, Canada

Figure 8
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EXAMPLES OF SANITARY LANDFILLS
RECEIVING INDUSTRIAL WASTE

1. Maghtab, Malta

Objective

The Maghtab site is one of the two landfills on the main island of Malta, and is the only one to accept industrial
waste which is disposed of with community and commercial rubbish. Management of the site is under control of
the Ministry of Environment. The site was opened in 1977 as part of a land reclamation project.

Design and construction features

Landfill type

Location
Site features

Leachate collection
Amounts deposited

Maintenance
Major environmental impact

Figure 9:

Solid waste disposal site at Maghtab, Malta

Sanitary landfill. The site accepts around 1000 tonnes/week of industrial
wastes such as wood carton, textiles and metals, although some materials such
as metals are unofficially collected and recycled prior to dumping. Limited
quantities of sludges from electroplating, expired medicines, residues from
detergent manufacture, tarry residues and solidified wastes are accepted.
Hospital and abattoir wastes are also accepted. Conversely, pulverised fuel ash
from the power station is not accepted.

Coastal site, remote from the city.

Open area, maximum 70ha available, no special preparation other than roads
and embankments.

None.

Municipal: 42 000 t/a; industrial/commercial: 43 000 t/a;
debris; 63 000 t/a.

Two bulldozers
Smoke from burning, windborne dust, rodents.
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2. General Industrial Waste Landfill
Ponce, Puerto Rico

Objective

Landfill disposal of community waste from the municipality of Ponce; also non-hazardous industrial waste from

elsewhere in Puerto Rico.

Main design and construction features

Landfill type
Amount deposited

Location
Liner system
Leachate collection

Site closure and rehabilitation

Major environmental impact

Containment, co-disposal. Special waste is deposited in separate isolated cells.
1992—municipal: 50 000 m3; special industrial: 40 000 m3.

Some wastes requiring special handling are accepted, and the site accepts
some non-hazardots industrial liquids for solidification before they are
landfilled. All special wastes are deposited in separate cells away from the
main fill area. Special wastes defined as non-hazardous under the US
regulations include asbestos, contaminated soil, empty containers, incinerator
ash, waste oil, off-spec pharmaceutical products, rejected manufacture items,
non-hazardous tank bottoms, grease trap wastewaters, and similar other
materials.

At site of earlier municipal dumpsite in a valley between steep hills near city
of Ponce.

None required as only dry waste is deposited, and site has a deep natural clay
base.

From special fill area only. When generated (none so far in 1990), leachate
will be evaporated in a plastic-lined pit. :

Not yet decided by municipality.

Dust from vehicles and filling, windblown litter from general waste, litter
along access road. Ultimately a change in landform by filling in the valley.

Figure 10:

General industrial
waste landfill at
Ponce, Puerto Rico
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3. Margolis Sanitary Landfill
Johannesburg, Republic of South Africa?

Objective

High standard disposal of domestic and industrial waste in a managed co-disposal operation. Incineration of
hospital waste, and physical-chemical pre-treatment of liquid waste also takes place on the site.

Main design and construction features

Landfill type

Amount of waste accepted
Location

Containment system
Leachate

Waste control procedures

Site closure

Major environmental impacts

Containment in a clay quarry, engineered site accepting a wide range of solid
and liquid waste. Incineration of medical waste, pre-treatment of liquids, co-
disposal in trenches in the waste, some separate disposal of special wastes and
encapsulated materials.

Data not available.

‘Disused clay quarry on industrial land adjacent to residential areas (1km) in an

outer suburb of Johannesburg.

By natural clay of the site. Some hazardous wastes are encapsulated in concrete
before deposit.

Background monitoring of aquifer occurs. Contaminated surface water is
contained in a dam, treated and released to sewer.

Strict control over incoming waste (notification, testing, manifest). Not
accepted are explosives, radioactive wastes, compressed gases, acidic or highly
alkaline wastes, cyanides, sulphides, flammable wastes, reactive wastes.
Special pre-treatment or in-situ treatment occurs for specified wastes, some
wastes are encapsulated for special burial according to written procedure.

Closure and rehabilitation as soon as final contours are reached. Im minimum
of cover, planted.

Information not available.

9 A more complete description of the operation of this site is included in Annex IV.
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Margolis sanitary landfill at Johannesburg

Figure 11:
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HAZARDOUS WASTE LANDFILL

COUNTRY REPORT

This report can be prepared as a first stage to identify
the situation concerning industrial waste disposal in a
country, with emphasis on landfill problems.

Report Format

The Country Report Udanax in Part Il shows how
such a report can look when it is completed. Report
length should not exceed eight pages. Tables may be
attached.
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National Profile: population and growth rate,
geographical and climatic conditions, resources,
economic base, administration and government,
technical services, environment (one page max.).

Industry Profile: types of existing industries, their
location, output, employment.

List of environmental problems being experienced
due to hazardous waste dumping or disposal: e.g.
pollution, adverse health impact, unsafe
landfilling, illegal dumping, unsafe transport,
unsatisfactory storage, soil contamination, etc.

Main types and quantities of hazardous wastes in
the country, including both industrial and other
sources of waste. Mention explicitly any wastes
imported or exported.

Extent of current treatment, recycling or disposal

facili-ties: e.g., oil recovery plants, solvents

recovery, incineration, storage sites, treatment
plants, land disposal, and any similar installations.

Present landfill practice: number of landfills and
dumpsites used for waste disposal or co-disposal,
problems related to construction, operation and
maintenance of landfills, technical description of
existing landfill(s), types of landfilled wastes, site

selection procedures, monitoring of landfill
leachate and gas, monitoring of incoming wastes.
Mention any sites used specifically for industrial
wastes, including those on company premises.
Mention any dumping at sea.

Extent of infrastructures and services already
available: e.g., specialised chemical transport,
emergency clean-up service, waste exchange
service, experienced consultants, hydraulic and
geological investigators, training institutes,
laboratories, professional associations, research
groups. List any companies running landfill
services.

Current of policies, laws and regulations to reduce
and control pollution, solid waste disposal, and
hazardous chemicals: e.g., water standards, sewer
standards, health laws, landfill regulations, waste
transport, chemicals controls, facility permits, EIA.

Which organisations have responsibility for:
landfill operation and control, pollution, solid
waste, hazardous wastes, toxic chemicals, industry
permits, export/import of wastes and chemicals,
pesticides, environmental monitoring, industrial
training, clean technologies, dissemination of
information.
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~ MANAGEMENT AND LANDFILL DISPOS.

General references on
hazardous waste management

L.

2

13.

14,

15.

16.

7

19.

20.

Hazardous Waste Policies and Strategies—A Training
Manual, Technical Report N© 10, UNEP [E/PAC, 1992.

Safe Disposal of Hazardous Wastes: The Special
Needs and Problems of Developing Countries, 3 vols,
World Bank/WHO/ UNEP, 1989. -

Treatment and Disposal Methods for Waste
Chemicals , RPTC, 1985,

Wastes and their Treatment—Information Sources
and Bibliography, INFOTERRA, 1986.

Management of Hazardous Waste, WHO Regional
Publications, European Series, N°14, 1983
Assessment of Sources of Air, Water, and Land
Pollution, 2 vols, wHO, Geneva, 1993.
Encyclopaedia of Occupational Health and Safety
(3rd Ed.)—2 vols, ILO.

Guidelines for Establishing Policies and Strategies
for Hazardous Waste Management

ASEAN/ UNEP/CDG, 1986.

Industry and Environment: special editions on
Hazardous Waste Management, March 1988; Waste
Minimisation, March 1989.

Audit and Reduction Manual for Industrial Emissions
and Wastes, UNEP/UNIDO, 1991.

. Adapting Hazardous Waste Management to the Needs

of Developing Countries—a special edition of Waste
Management and Research, Vol. 8, N° 2,
March 1990.

International Perspectives on Hazardous Waste
Management, W.S. Forrester and John H. Skinner
(Eds), Academic Press, 1987.

Management of Hazardous Waste—Treatment,
Storage & Disposal Facilities, John R. Cashman,
Technomic, 1986.

Hazardous Waste Management, G.W. Danson and
B.W Mercer, Wiley Interscience, 1986.
Hazardous Waste Management Handbook , Ed. A.
Porteous, Butterworths, 1985.

Hazardous Waste Management, G.W. Dawson &
B.W Mercer, John Wiley & Sons, 1986.

Waste Minimisation Opportunities Manual ,
USEPA, 1989.

Handling and Management of Hazardous Materials
and Waste , T.H. Allegri, New York,

Chapman and Hall, 1986.

Toxic and Hazardous Wastes: Proceeding of the
Eighteenth Mid-Atlantic Industrial Waste Conference,
G.D. Boardman, Lancaster, Technomic, 1986.
Technical Guidelines for Environmentally Sound
Management of Wastes Subject to the Basel

Convention, Secretariat of the Basel Convention,
Geneva, 1993.

References on
hazardous waste landfill

101.

102.

103.

110.

112.

113.

114.

115.

116.

117.

118.

Landfill Disposal of Hazardous Wastes and Sludges,
Pollution Technology Review N© 62, Marshall Sittig,
Noyes Data Corporation, New Jersey, U.S.A., 1979.

Parameters Characterising Toxic and Hazardous
Waste Disposal Sites: Management and Monitoring ,
B. Mickan, Luxembourg, CEC, 1987.

Requirements for Hazardous Waste Landfill Design,
Construction, and Closure , Seminar Publication
EPA/625-4-89/022, USEPA, 1989.

Unit Operations for Treatment of Hazardous
Industrial Wastes, D.J. De Renzo, Park Ridge,
NDC, 1978.

The Solid Waste Handbook A Practical Guide ,
William D. Robinson., John Wiley & Sons, 1986.

Waste Management Paper No 4—The Licensing of
Waste Facilities, Her Majesty's Inspectorate of
Pollution, London, 1976. (Revised 1988).

Solid Wastes—Engineering Principles and
Management Issues, G. Tchobanoglous et al.,
McGraw Hill, 1977.

Closing Open Dumps, D.R. Brunner, Washington
D.C., Government Printing Office, 1971.

"Hydrogeological Assessment and Selection of
Hazardous Waste Disposal Sites" in Hazardous Waste
Management Handbook, Ed. A. Porteous,
Butterworths, 1985.

"Leachate Production, Control and Treatment" in
Hazardous Waste Management Handbook, Ed. A.
Porteous, Butterworths, 1985.

"Chapter 7.1" in Safe Disposal of Hazardous Wastes:
The Special Needs and Problems of Developing
Countries—3 vols, World Bank/ WHO/UNEP, 1989.

"Chapters 5, 7 & 11" in Hazardous Waste
Management, G.W. Dawson & B.W Mercer,
John Wiley & Sons, 1986.

"Clay Soil Permeability and Hazardous Waste
Storage" in Journal of WPCF, Vol. 53; N© &;
pp 1347-1354, 1981.

"Secure Chemical Landfills" in Management of
Hazardous Waste—Treatment, Storage & Disposal
Facilities, John R. Cashman, Technomic, 1986.

Management of Uncontrolled Hazardous Waste
Sites , National Conference, Nov. 29 — Dec. 1,
Washington D.C., 1982.

Programme of Research on the Behaviour of
Hazardous Wastes in Landfill Sites, Dept. of
Environment, WLR, Technical Note Series,

London, 1976.

National Guidelines for the Landfilling of Hazardous
Waste . Canadian Council of Ministers of the
Environment, April 1992.
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" CONVERSION FACTORS

From To Conversion
Factor
Length millimetre (mm) inch (in) 0.0394
centimetre (cm) inch (in) 0.3937
metre (m) foot (ft) 3.2808
kilometre (km) mile 0.6214
inch (in) millimetre (mm) 254
foot (ft) metre (m) 0.3048
mile kilometre (km) 1.6093
Area square centimetre (cm?2) square inch (in?) 0.1550
square metre (m?2) square foot (ft2) 10.7639
hectare (ha) acre 2471
1000 m? acre 0.2471
square kilometre (km2) square mile 0.3861
square inch (in?) square centimetre (cm?) 6.4516
square foot (ft2) square metre (m?) 0.0929
acre hectare (ha) 0.405
acre square metre (m?) 4046.8
square mile square kilometre (km2) 2.5900
Volume litre cubic foot (ft3) 0.03531
cubic centimetre (cm?3) cubic inch (in3) 0.06102
cubic metre (m3) cubic foot (ft3) 35.31
cubic foot (ft3) litre (1) 28.317
cubic foot (ft3) cubic metre (m?3) 0.0283
Liquid capacity | litre (1) quart (US) 1.0567
litre (1) gallon (US) (US gal) 0.2642
litre (1) quart (UK) 0.8799
litre (1) gallon (UK) (UK gal) 0.2200
quart (US) litre (1) 0.9464
gallon (US) (US gal) litre (1) 3.7854
quart (UK) litre (1) 1.1365
gallon (UK gal)!0 litre (1) 4.5461
barrel litre (1) 158.984
barrel gallon (UK) 349726
barrel gallon (US) 42.00
Weight gram (g) grain 15.4323
kilogram (kg) pound (Ib) 2.2046
metric ton (1000 kg) ton (US) (2000 1b) 1.1023
grain gram (g) 0.0648
pound (Ib) kilogram (kg) 0.4536
ton (US) kilogram (kg) 907.2

Source: Rapid Assessment of Sources of Air, Water, and Land Poliution, WHO, 1982.

10 Known also as ‘imperial’ gallon (imp.gal.).
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Geographical
Area 700 000 km2; 1 100 km of coastline.
Climate Temperate to hot.

Temperature Minimum 14°C; maximum 30°C.

mm/year in inland areas.
Harbours Four.

Capital Udanax City with population of 2.3 million.

Rainfall Average 650 mm/year in coastal areas; average 780

Population 20 million, six cities with population above 200 000.

8% of the population belongs to poor minority
groups; 50% of the population lives in coastal areas.

1

The terrain of Udanax is generally flat,
with scattered hills (200m to 800m high)
in central region. There are 15 rivers
with a length over 150km. The longest
river is 365km in length, which flows
through Udanax City before reaching
the sea. This river serves as a main
inland waterway system.

From the meteorological point of view,
seasons in this country may be divided
into three groups—

|. Winter season from October to January. This is
the mildest period of the year

2. Summer or pre-monsoon season, in February to
May. April is the hottest month of the year.

3. Rainy or monsoon season from June to September,
with peak rainfall usually occurring in August.

Resources and Urban Services

The coastal region experiences
relatively high temperature and low
rainfall in comparison to the central
region. The highest temperature
(41°C) of the country was recorded
at Udanax City in 13 May, 1959.
The lowest temperature ever
recorded in Udanax was 2°C at the
central region on 11 January 1960.

Udanax is not situated in an
earthquake zone. However a small

earthquake was recorded in the central hilly area on 12
April, 1958. Frequent landslides are observed in this
region, specially during the rainy season.

Minerals and energy  Moderate minerals; substantial oil, gas, coal.
Agricultural land . Moderate.

Water supply: Limited surface and groundwater.

Transport Good network.

Sewerage Udanax City 50% sewered, primary treatment only.
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Economics and Industry

(see Section 2 for details)

Energy resource based, heavy industry, some light
manufacturing, and service industries are represented.
Extensive trade and commerce with foreign countries.

Administration

Agriculture is reasonably extensive, with many export
crops based on irrigated production of fruit, vegetables
and livestock. Tourism is a growing industry,
especially in coastal areas. Fisheries are an important
export industry. Most fishermen belong to the largest
of the ethnic minority groups.

Government

Administration

Constitutional monarchy with a Prime Minister and parliament; four provinces
with governors and parliaments; 65 local government authorities.

National ministries of development, industry, health, resources and energy,
transport, fisheries and navigation, agriculture. The Prime Minister’s
Department carries out the necessary coordination between ministries, including
environmental affairs. Provincial ministries of planning, land, factories, roads.
Local departments of sanitation and water supply, waste disposal.

Technical Services

Researchers in the three universities are interested in
environmental pollution. Engineering departments
occasionally help industries with pollution control
problems. Several engineering consultants have
offices in the country. They have been mostly
involved in plant design and operation.

There is a local Chamber of Commerce, but it is
dominated by finance interests. The chemical and
petroleum sector has its own trade association (UCPA).

Figure 1:

Udanax City Metropolitan Area Map
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2 INDUSTRY PROFILE

The majority of manufacturing activity is concentrated in two industrial estates situated near the Udanax City.
Mining and petroleum activity, including refining is located primarily in the interior of the country. Agriculture is
mostly near the coastal strip, and along the main river valleys where irrigation water is available. Employment
according to industrial sector and its structure is shown in Table 2. Data were supplied by the Ministry of Industry,

and Ministry of Employment.

These tables are for Udanax as a whole.

Table 3a:  Structure of manufacturing
industries
Total average
Table 1: Employment by sector employment
_ ('000)
% of labour Food & beverages 80
force Textiles & clothing 110
Agriculture 46 l;eathe; lzor.:)ductsrOCI lg
aper & paper products
sdeary L7 Printing & publishing 50
Services 37 Industrial chemicals & plastics 30
Total 100 Petroleum refining 8
Cement 2
Aluminium 2
Iron & steel 12
Non-ferrous metal 1
Table 2: Structure of employment Fabricated metal products 20
Electrical machinery & apparatus 4
% of total Transport equipment 20
== = Miscellaneous products 6
Agriculture & fishing 46.0 = £ =
Petroleum, mining & quarrying 1.7 =
Manufacturing 7.3 T G digstoial Gt
Construction 29 able A8 anax inaustral outp
Commerce 8.2 Tron ore (103 1) 2,750.0
Transport 3.6 Lime phosphates (10° 1) 1,124.0
Electricity, gas, water 0.3 Zinc (103 9 76
Government, community, 30.0 Phos;{h:?te fertiliser 300 t/day P20s
social & personal services Aluminium smelter 50 000 t/y
Sulphuric acid plant 500 t/day
Total 100.0 Iron and steel plant 1 300 000 ty
Chlorine plant 300 vday
Battery production plant uses 4 000 t/y of acid
= 3 . Textile production 26m m.
Industry data specific to Udanax City and its (three plants) of material
associated industrial estates is found in Tables 5 and 6. Leather production 3m hides/y
(eight companies)
Pulp & paper (two plants) 125 000 ty

I Figures as available but probably not complete.
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3. |INFORMATION ABOUT ENVIRONMENT
AND HAZARDOUS WASTE IN UDANAX

Some ad-hoc information on waste-related problems
has been collected:

* Residents near existing dumpsites complain about
odour and noise problems.

* Two explosions of toxic chemical containers were
recorded in 1990 at the local dumpsite; one
explosion caused injury to two site workers.

¢ Aquifers below both industrial estates, up to a
depth of 60m, are polluted by toxic chemicals.

* The local Green Party is actively campaigning
against the operation of the eastern dumpsite.

* There has been a sharp decline in land values near
the existing dumpsite.

* Fish kills in the river due to toxic discharge occur
periodically. Local fishermen report that water
clarity in estuaries and lagoons has decreased over
the past ten years.

¢ The owner of 200 tonnes of chemical waste
located in an abandoned warehouse in the harbour
area cannot be traced.

* A chemical warehouse fire left large quantities of
contaminated debris for disposal. These were
dumped in the local municipal dumpsite near the
beach (July 1985).

* Waste oil is often dumped on unused ground
outside the city. Waste oil from small local fishing
boats is accumulating on the wharves.

* Only one hospital is known to be equipped with an
incineration unit to treat its wastes; in most cases,
the wastes from the other hospitals are dumped
with the domestic waste.

* Swimming pool chemicals dumped at the local
landfill in 1989 caused a serious fire, releasing
clouds of chlorine gas. Twenty-three persons were
hospitalised.

* Some chemical companies, have been stockpiling
chlorinated hydrocarbons, cyanide salts, and

. arsenic wastes, as there are no local disposal
facilities.

e Agricultural inspectors report surplus pesticides
being stored under unsatisfactory conditions. One
report referred to the death of 16 farm animals due
to contaminated water supply; one warehouse has
12 tonnes of off-specification DDT.

* Scavenger communities belonging to an ethnic
minority make a living by recovering materials
from the local dumps. They are known from health
surveys to be frequent carriers of communicable
disease, and suffer more illness generally, but they
have resisted official attempts to remove them
from the sites which are their only means of
livelihood. The dumpsites are known to receive
industrial and medical waste.

4. HAZARDOUS WASTE GENERATIGN
IN UDANAX: CITY METROPOLITAN AREA

The National Environmental Bureau estimates that 80
per cent of the total hazardous wastes are produced in
the Udanax City Metropolitan Area. The Bureau
carried out a survey in UCMA to identify the
hazardous wastes sources and their quantities.

During the survey of Industrial Estate A and Udanax
City, a technical group visited each of the waste
producers with the objective of identifying the waste
type and quantifying the waste load. However in most
situations, due to poor record keeping practice, it was
difficult to estimate the waste quantities. In such
cases, the waste quantity was measured for a short
period and then extrapolated. The results of this
survey are summarised in Table 5.

Due to lack of time and financial constraints, a more
simplified type of survey was carried out in Industrial
Estate B. Here, a simple questionnaire was mailed
to all waste producers, requesting details of:

* type of manufacturing or process

* total production output per year

* total quantity of waste (liquid and solid) generated
» present waste disposal practice

The information obtained through this survey is
summarised in Table 6.
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Table 5: Measured hazardous waste in Industrial Estate ‘A’ and Udanax City
Process/Source Waste type Quantity (m3/year)2 Current practice?
Industrial Estate A
Chemicals manufacture Acids, chemicals 53 Drain
Metal finishing Metals 44 628 Drain
Detergents Alkalis 2323 Drain
Fertiliser Heavy metals, alkalis 165 Drain
Foundry Dust/Slag 503 Dump
Resin manufacture Formaldehyde 438 Drain
Electronics Oil & solvents 404 Sold
Foundry/metal works Hydrocarbon 115 Sold
Packaging/printing Solvent sludges 27 Dump
Vehicle assembly Sludge (paint) 12 Stored
Battery manufacture Sludge with heavy metals 60 Dump
Leather tanning Treatment sludge 892 Dump
Pesticides Filter materials, surplus stock 111 Dump.
Textiles Sludge 236 Dump
Chlorine production Sludge(contains mercury) 122 Dump
Vehicle assembly Non-halogenated spent solvent 224 Dump
Electroplating Cyanide wastes 28 Stored
Plastics & rubber PVC waste 48 Dump
Beverage industry Organic waste 13 000 Drain
Wood products Chemical sludges 125 Drain
Pulp & paper . Toxic sludge 180 Unknown
Refineries Hydrocarbons 180 Export
Foundry PCB (once only) (1380) Export
Refineries Caustic sludge 120 Dump
Packaging & print Resin & glue 60 Dump
Glass making Lead sludge T2 Dump
Manufacture of explosive TNT & explosives 20 Stored
Fish canning Treatment sludge 15 000 Dump

Total 79 146
Pesticides Containers (estimate) 1600 Stored
Printing Containers (estimate) 200 Dump
Detergent & soap Containers 3150 Stored
Total 4950
Udanax City
Excavation (old gas works) Contaminated soil (tar) (once only) (1000) Dump
Auto work shop Oil & sludges, solvents 6225 Sold
Shipyard Hydrocarbon oils 983 Sold
Hospital Pathological waste 472 Dump
Construction sites Asbestos 190 Dump
Laboratories Mixed chemicals 253 Drain
Harbour Sludges 328 Dump
Printing Photographic wastes 434 Drain
Power plant Ash & PCB 700 Dump
Storeyard Pesticides/DDT 50 Dump
WW treatment plant Sludge 800 Dump
Total 10 483

B Quantities in cubic meters per year, containers in pieces per year

3 Drain: discharged to a drain or surface water body; Dump: disposed at a offsite or on-site dumping ground;
Export: export out of Udanax for treatment & disposal; Sold: sold to another party offsite for other use;
Stored: stored on site, awaiting a disposal option; Unknown: present disposal option is unknown,

#ﬁ
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Table 6: Result 4 of questionnaire survey of hazardous waste in Industrial Estate B

Plant/Process Industrial Quantity of waste 7
production (solid and liquid)
output
(10° tonnes/year)

Vegetable oil refining 50

Phosphoric acid 90

Latex paints 230

Tanning 3m hides/y

Battery production (uses 4000 ty)

Sulphuric acid 120

Textile 26m m/y

Pharmaceutical 40

Rubber tyres 100

Paper & pulp 125

Steel foundries 50

Electroplating Cu 20

Electroplating Cr 8

Pesticides 35

4 Not all industries in the Estate responded to the survey.
5 None of the respondents supplied information on quantities and disposal method.

_ e
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5 & " cuRRENT STATEOF .
" HAZARDOUS WASTE DISPOSAL

General

It is known from the industrial survey that a number of
companies treat their own wastewaters and air
emissions, but this is not universal.

Many treatment systems are known to be ineffective,
or badly operated.

Most residues and chemical wastes are dumped on
factory land or taken away to local dumping grounds.

No records are kept.

Existing municipal dumping

Two industrial waste recyclers in Industrial Estate B
are active in reclaiming profitable waste streams such
as oils and solvents respectively. Total capa(:lly is
around 400m3> pa solvents, and 1000m3 p.a. of oil.
Around 4000m> of waste oil is also burnt as
supplementary fuel in two industrial boilers.

Refineries burn waste oil and sludge as fuel on-site.
One company collects and reclaims batteries.
Asbestos waste from building sites is dumped together
with other building debris.

sites in Udanax City

At present there are two dumping sites within the
Udanax City Metropolitan Area, namely:

Eastern dumping site
(850,000 cubic meters)

This site is located on the eastern part of the city,
approximately 2km from the coast. The site structure
consists of fine sands to gravel, with a thin deposit of
low permeable clay layer.

It is operated by a private company and it accepts only
domestic wastes. As a general practice, industrial and
toxic wastes are not dumped in this site.

Some of the major problems of this site are—
* high groundwater table

* bacteriological contamination of groundwater
aquifers

» pollution of nearby coastal area

* frequent complaints from the nearby residents
about odour and noise pollution

* scavenging
* residential areas within 150 m of the site

* no security fencing, amenity blocks, or proper
roads.

Western dumping site
(2,500,000 cubic meters)

This site is located to the south-west of the city. It is
operated by a local municipal authority. Both
domestic and toxic industrial wastes are dumped in
this site. Even though this site is situated in a clay pit,
due to lack of initial lining, all the nearby groundwater
aquifers are already contaminated with trace metals.

For the past three years, the National Environmental
Bureau has monitored the groundwater quality in this
site, and the results are presented in Table 7.

As this site is located further away from the residential
area, the site operators receive fewer complaints from
the public,

Some of the problems of this dumpsite are:

¢ groundwater pollution (but relatively low
groundwater table)

* operational problems due to hazardous wastes
(explosions, fires, poor handling of wastes, etc.)

* odour problem
* excessive scavenging

* consumption of raw garbage by domestic animals
(goats, cows, elc.)

* no security fencing, amenity blocks, or proper
access roads.

Recently the Udanax City Council has formed an ad-
hoc committee to identify appropriate disposal options
for the hazardous wastes produced in [ndustrial
Estates A and B, and in Udanax City. After reviewing
all possible options, the committee concluded in its
report to the mayor, that:

“Taking into consideration the availability of the
trained professionals and their technical know-
how, and economical aspects, the most immediate
hazardous waste disposal option for the Udanax
City Metropolitan Area is through construction of
a landfill disposal site, with pre-treatment units”.
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The committee also proposed a set of policy elements
for hazardous waste control, namely:

1.

2

Waste reduction is the first priority for all
industrial waste streams.

The waste producer has to bear the cost of waste
treatment and disposal.

Liquid wastes will not be accepted for landfill
(even in drums).

All liquid waste has to be solidified either by the
waste producers or at the landfill site prior to
landfill.

All toxic waste needs to be appropriately pre-
treated prior to disposal at the landfill site.
Landfill sites should be operated by a private
contractor, and the control and surveillance should
be under the authority of the Municipalities,
pending the creation of an eventual national
environmental agency.

7. On-site landfill of industrial wastes at factories is
not advocated.

8. All new toxic wastes should be subject to
comprehensive hazard evaluation, by the National
Environmental Bureau prior to landfilling.

9. The local public should be involved in all decision
making stages of landfill site selection, design,
operation, and rehabilitation.

Following the ad-hoc committee’s recommendation, a
regional committee—consisting of local engineering
consultancies, Udanax City administrators and
environmental authorities—was established to
recommend a plan for a landfill disposal facility.

This committee has identified two potential sites and
their characteristics are shown in Table 8. The
location of these sites is indicated in Figure /.

Table 7: Groundwater quality in the Western dumping site
Parameter WHO 6 1988 1989 1990
Colour 5 7 10 11
pH 7-8.5 8 . 8.4 8.9
Turbidity (units) 5 11 13 15
Total solids (mg/1) 500 400 450 570
Total Iron (mg/l) 0.1 0.11 0.14 0.11
Copper (mg/l) 0.05 0.01 0.03 0.05
Zinc (mg/l) 50 44 55 5.9
Calcium (mg/1) 75 80 77 88
Sulphate (mg/1) 200 125 155 160
Chloride (mg/1) 200 250 290 330
Arsenic (mg/l) 0.05 0.04 0.07 0.09
Cadmium (mg/1) 0.01 0.002 0.015 0.019
Cyanide (mg/l) 0.05 0.035 0.049 0.066
Lead (mg/l) 0.1 0.08 0.09 0.12
Mercury (mg/l) 0.001 0.002 0.002 0.003

6 WHO 1971 Highest Desirable Level for Drinking Water.
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Table 8: Characteristics of the proposed new landfill sites
Blue site Green site

Soil properties
Moderately coarse sandy soil - 0-5m
Medium silty clay 0-18m 5-11m
Fine silty clay 18-40m 11-40m
Erosion potential (surface) Average Minimum
Hydrology
Floodplain area yes no
Wetlands no no
Distance from nearest water supply source 4km 10km
Groundwater table 5m 55m
Groundwater quality
Total dissolved solids (mg/l) 7400 1000
Chloride (mg/1) 2000 200
Nitrates (mg/l) 40 80
pH 8 7.8
Topography
Nature of the site flat uneven
Present land use wooded area cotton growing
Drainage poor good
Present air quality average good
Present odour problems none none
Infrastructure
Distance from Industrial Estate A 5km 35km
Distance from Industrial Estate B 29km 8km
Distance from Udanax City centre 14km 28km
Distance from nearest expressway 6km 2km
Distance from nearest railway line Skm Skm
Distance from the coast Skm 10km
Nearest residential area Skm 18km
Construction of power supply lines 500m 1.5km
Construction of water supply lines 700m 8km
Construction of sewer lines 700m 8km
Meteorological
Rainfall (mm/year) 650 680
Average temperature (°C) 24 27
Prevailing wind direction west to east

Figure | indicates the location of the Industrial Estates with respects to the landfill sites.
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e INFRASTRUCTURE AND
ENVIRONMENTAL SERVICES

Oil companies and some chemical companies have
bulk chemical transport vehicles and trained drivers,
but most chemical products and wastes are transported
in drums in conventional trucks. Labelling and
identification of hazards is generally poor.

Emergency service teams exist at the major petro-
chemical complexes. An oil spill response team has
been created in the major ports that handle tankers.

Engineering consultants are reasonably well
represented in Udanax but have little experience in
designing waste treatment plants. Apart from the
National Environmental Research Centre, four
chemical laboratories in the universities, and the
health and agriculture ministries, there are no public
facilities for sophisticated chemical analysis.

Company laboratories sometimes carry out waste
analysis for outside bodies during emergencies.

The Civil Engineering Department of the National
University of Udanax has a special curriculum on
environmental and geotechnical engineering. This
department offers both undergraduate and post-
graduate level courses, and trains around 50
environmental and geotechnical engineers per year.
The environmental engineering section carries out
fundamental research in fields such as: pollution
control, solid and hazardous waste disposal, water
pollution, water and wastewater treatment. The
geotechnical section is involved in conducting field
surveys on the western dump site for its upgrading.

Neither the Institution of Engineers nor the Chamber
of Commerce has an environmental committee.

'7 "ADMINISTRATIVE RESPONSIB

m ENVIRONMENT AND WASTE DISPO

a) General Environment

Water pollution regulations are administered by four
inspectors in the Ministry of Resources and Energy
(Water Supply Department). The main emphasis has
been on quality of drinking water supplies. Specific
monitoring and enforcement is carried out by regional
office staff in the provinces with the assistance of
National Environmental Research Centre.

The Ministry of Agriculture is responsible for
pesticides and groundwater affairs. It has delegated
day-to-day responsibility to provincial adminis-
trations. The main purpose of the Groundwater Act is
to provide a mechanism for collecting pumping fees.
The Ministry has the power to approve or ban
pesticides.
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Occupational health regulations do not yet include
chemical exposure limits.

Environmental impact assessments are evaluated by
the Ministry of Planning when it examines major
projects. One officer handles these assessments and
advises the Minister accordingly.

An Environmental Bureau of four persons within the
Prime Minister’'s Department is responsible for
coordinating environmental programmes, acting as
international focal points, and advising the Prime
Minister. The Bureau has no formal links with other
ministries.
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b) Waste Disposal

The waste disposal regulations are administered by Industry employs cartage contractors for this task, or
the municipalities. In most places, municipal uses its own vehicles.

employees collect and transport city garbage to the

dumping grounds.

Table 9: Summary of current pollution and waste laws

Water Pollution Regulations (1981) under the Water Resources Act (1978)

» offence to pollute
¢ can set standards for effluents

* can order action to clean-up

Environment Assessment Act (1985)

« EIA required for all large industrial projects $ 2 m+
» EIA report format is prescribed

Waste Disposal Regulations under Public Health Act (1958)

* wastes must be placed in designated locations

¢ deposit to be kept free of disease, vermin,.fires

* only approved operators may run a waste disposal operation
* must be safe at all times

* municipalities have duty to ensure collection of waste
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PART 111

Casework Sessions
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The notes provided in this manual are centred around a series of tasks
that need to be completed in order to satisfactorily plan for, construct
and operate industrial landfills that accept hazardous waste. The needs of
regulatory authorities are also addressed.

The notes for each session specify the tasks to be carried out, and give
some further information that will assist in completing them.

However, the information is not necessarily complete, nor need the
examples be always followed. Often guidance by session leaders will be
necessary to interpret and adapt the practical exercises.

Many of the exercises are open-ended.

A time limit should be set for the exercises chosen. Not all the exercises
may be able to be done in the time available.

The notes are intended to stimulate, but not substitute for group work.

Local experience of participants may be valuable in guiding the
discussion.
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The options for disposal of wastes depend very much
on the chemical and physical characteristics of the
waste, as well as on the quantities involved.

Accordingly the correct identification of industrial
waste is an important first step in any waste disposal
plan.

_ Identification must be sufficiently comprehensive to

decide—

» whether it can be accepted into a site

» if it needs pre-treatment or stabilisation before
disposal

» what are the hazards to workers

¢ how it should be handled and disposed of.

Identification must also—

* indicate any special monitoring parameters

» allow listing in the reporting documents of the site.

Identification must always be in accordance with
established criteria based on the chemical
characteristics of the waste, its process origins, and its
hazard properties. These criteria are elaborated in a
variety of national and international reference
documents. The Basel Convention, for example,
shows the waste characteristics and properties that
have now been accepted by most of the international
community.

The relevant tables from the Basel Convention can be
found in the references. Some other characteristics and

criteria useful in decisions on landfill are shown on
the following pages.

A full identification of wastes requires exhaustive
chemical analysis, including search for trace
constituents in supposedly non-hazardous wastes.

Past experience, however, has shown that industrial
processes around the world usually produce similar
waste types, and an identification according to process
origin already gives most of the information we need
to make management decisions.

The quantities of waste generated may also influence
decisions on disposal. Treatment and disposal options
for small quantities are often different to those for
large volumes of waste. The total volume of waste has
to be estimated in order to calculate landfill capacity.

The exercises in this session will aim to identify the
industrial waste stream in Udanax, and estimate how
much of this is hazardous.

Subsequently the best disposal options can be
selected, including the amount that needs to be
disposed of to landfill. Waste quantities were already
identified in the Udanax country report. In this
Session, Section 1.2 on Background Information gives
some tables that will help in identifying hazards and
disposal options, but other criteria can also be used.

For the purposes’ of this workshop, only the
information in the Udanax country report is used. This
gives a first overview of the wastes; however, in real
situations, a certain amount of further survey and
analysis may be needed in order to improve the
accuracy of the evaluation.
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Table 1.1:  Properties and disposal of common industrial wastes

Reprinted from: Safe Disposal of Hazardous Wastes: The Special Needs and Problems of
Developing Countries; 3 vols, World Bank/WHO/UNEP, 1989.

Recommendations are those for general situations. Practical choices will be influenced by appropriate pre-
treatment and/or availability of suitable facilities. Disposal to sewers, watercourses and landfill is subject to
acceptance criteria of relevant authorities.

Key Property Recommended Disposal
S = toxic, carcinogenic I = recovery, recycle
F = flammable pc = physical/chemical treatment
R = corrosive, highly reactive s = solidification
P = putrescible I = landfill (normal) (licensed)
Od = odorous I* = landfill (impervious) (licensed)
b = biological treatment
i = incineration
d = water/sewer discharge subject
to agreement or licence

Waste Type Code Property Recommended Disposal
items in () refer to treatment residue
S PR, P Odijlr 7pei. @ | * b i d
Abbatoirs residues 061 v v v v s ()
Acids and solutions (inorganic)
Alkylation acid 029 | v v oo/ () 1]
Boric 029 s Vs v (v) )
Chromic 023 /v v v v ) ()
Fluosilic 029 4 v v / () (v)
Fluoboric 029 v v v v )
Hydrochloric 021 7 v v o ()
Hydrofluoric 023 v v e 7 )
Nitric 022 v/ s 7 7/ ()
Perchloric 029 v v v v (v)
Phosphoric 022 7 v 7 ~ ()
Pickling acids 029 7 v v v (v)
Sulphurous 029 7 s v v (v)
Sulphuric 021 v v v v (v)
Acids, organic
Acetic 029 7 v v v v/ i () (v)
Butyric 029 v / v v v v v )
Formic 029 7 4 7 7 7/ v/ () v ()
Lactic 029 7 v/ v () ()
Oxalic 029 7/ v/ v v/ (v) ()
Sulphonic acids 029 v v A (V) )
Trichloacetic 029 v o/ o, v (v) ()
Alkaline materials
Ammoniacal solutions 031 7 v . = 7 (v) ()
Caustic soda or Sodium hydroxide | 031 / v S () )
Lime slurries 032 v / v 4 v
Lime neutralised metal sludge 033 v v v
Soda ash or Sodium carbonate 031 v s/ v/ (v) )
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Waste Type Code Property Recommended Disposal
items in () refer to treatment residue

S F R P Od pc s | r b i d
Sodium phosphate or 031 v v v (v) )
polyphosphates
Sodium silicate 031 v v v 4 (v) )
Sodium sulphode 045 v v/ o v/ () ()
Sodium peroxide 051 4 v v/ 4 (v) (v)
Alkaline cleaners 031 v v v v ) ()
Alkali metals 05 | v+ & & & ) Y
Animal residues 061 A4 v s v 4
Antimony compounds 045 4 v i (v)
Arsenic compounds 045 v v v (V) (v)
Asbestos wastes 181 v v v
Bags— previously contained 121 v v/ 7 v
hazardous materials
Barium salts 045 v e v v ()
Bleaching powders and solutions | 051 v v |l s s
Boron (compounds of) 045 v d i /
Cadmium (compounds of) 045 v v v ()
Cannery wastes 062 /7 v s
Cattle dips and residues 049 s v/ v v/ o ) @)
Carbonised liquors 159 v v o
wood or coal
Chlorinated hydrocarbons
Chloroform 074 v v v s
Carbon tetrachloride 074 v | v 7
Ethylene dichloride 074 v | v v
Perchlorethylene 074 v/ v v i
Trichloroethane 074 v v v v
Trichloroethylene 074 v v v e
Chromium compounds 045 v 4 / v/ (v)
Copper compounds 045 v F / (v)
Cyanides
Plating residues 013 v i / (¥) (v)
Heat treatment residues 014 /s v v ) ()
Metal complexes 015 v v s () ()
Organo cyanides 159 v v v v / ()
Detergents 155 s v v v/ (v)
Disinfectants 159 v 4 (v) ()
Drugs—see Pharmaceuticals and
residues
Dyestuffs [9)61! i 7 v
Explosives 053 s s s 4
Fats, grease 104 v v s v v v
Fish residues 081 7 v 4 v v
Fluorides and compounds 042 v v s/ v v
containing fluorine
Fruit residues 082 v v v 4 (v)
Fungicides—see Pesticides
Grease trap residues
domestic 083 Fd v v/ v
commercial 084 v v 7/ v
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Waste Type Code Property Recommended Disposal
items in () refer to treatment residue
S F R r pc s | Iz b i d
Hydrocarbons
Lubricating oil 101 7 v 4
Light oil 101 v v v
Solvents (low flashpoint) 072 v v 7/
Insecticides and contaminated
containers—see Pesticides
Isocyanates 159 v / v v v () (v)
Lead compounds 045 s v v (V) (v)
Lime slurries 032 v 7 v v
Lime neutralised metal sludges 033 v 4 s
Manganese compounds 047 4 v v () ()
Mercaptans 153 v v v v
Mercury and compounds 045 /s v/ v () )
Methacrylates 153 S A v
Motor fuel additives and residues | 071 v v v v
Nickel compounds 045 v v v v )
Nitrates 051 " v/ /s v/ () (v)
Qils
Cutting oils 101 v v/ v v
Cutting emulsions 103 v v @
Hydrocarbon 101 v 7 7 v
Lubricating 101 v / 7 s
Organo-Nitrates 159 v v v v v
Oxidising agents
Chlorates 051 v 7 v v ) ()
Chromates 051 7 & 7 ) )
Nitrates 051 v v v v () )
Permanganates 051 v v v v ) ()
Peroxides 051 g g T v (v) (v)
Paint thinners (low flashpoint) 072 7 7 v
Pesticides 161/ v/ 7 () ) e
9
Peroxides 061 7/ 4 7/ 7/ (V) ()
Pharmaceuticals and residues 154 v 74 s W v v
Phenol and phenolic compounds 152 v v
Phosphorous residues 054 v v v v v (v) v
Pickling acids/solutions 029 v/ s .' / ) (v)
Poisons—any material which 045 v v v v
would be labelled under Schedules
1-7 of the Poison Act
Polychlorinated Biphenyls (PCBs) | 156 v v v
Radioactive materials—controlled | 171/ | v A )| ()
under other Acts 2
Scallop shells 081 &
Selenium compounds 045 v v v )
Sheep dips and residues 049 v g s & )
Solvents, low flashpoint 072 v v v/
Sulphides 045 v v v (v) (v)
Sulphites 045 v v v (v) ()
Surfactants 155 v v v v
Tetraethyl lead residues . 151 v/ v o ) 7
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Waste Type Code Property Recommended Disposal
items in ( ) refer to treatment residue
S FF'R P Od] r pc 8§ I I b i d
Timber preservatives 049 v v () (v)
Thallium compounds 045 v/ LA A ¢4 ()
Triple Interceptor Trap residues 103 v v v/ v
(TIT)
Turpentine residues 071 v v v 7
Vanadium compounds 045 v v v ()
Vegetable wastes 082 " | s v
Waxes—animal and plant 182 v 7 v v v
Weedicides—see Pesticides
White spirits 072 v i 7
Zinc compounds 045 s v v v
Based on: Draft Industrial Waste Strategy for Victoria, EPA of Victoria—Australia, 1985.
Figure 1.1: Recommended treatment and disposal of industrial wastes

Wastes » Treatment » Disposal
Effluents, wastewaters >
Acids, alkalis I3  Neutralisation
Sewer —3 Water
Heavy metals >
Toxic inorganics —»1——>» Physical/Chemical ————>»
Reactive wastes 3» L Immobilisation |—3»
—
Non-toxic inorganics > > Landfill | —» Land
Solvents, oils ' o [
—>4 Recovery
Resins, paints,
organic sludge 3 I -
Organic chemicals > >
==, = ; :
Chemical SEE—— Residue
Pesticides a2 | i
PCBs, >
chlorinated hydrocarbons Incineration |——3 Air
Putrescibles, :
biodegradable wastes
L5  Biclogical p‘?'_:n‘ec';

Based on: Draft Industrial Waste Strategy for Victoria, EPA of Victoria—Australia, 1985.
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surface water

Run-off

watercourses, the public (via
ingestion of water)

B ——— = — =
Table 1.2:  Potential risks of landfills

Source Pathway Receptors Risks

Liner failure; Hydrogeological ~Groundwater; potable water Pollution of groundwater; loss of a

leachate leakage supply; the public; rivers and potable supply; public health risk;
associated flora and fauna damage or loss of flora and fauna

Leachate Sewer Sewage treatment works Effects upon biological process

discharge

Contaminated Soils, flora and fauna, Water pollution; public health risk;

damage or loss of fauna

Gas migration  Geological: soils, Buildings and people, flora Explosion and fire, death or serious
landfill cap, to air injury, asphyxiation; damage and
loss of flora
Dust Air People and flora Health risk
Odour Air People Loss of amenity and nuisance
Exposed wastes  Direct contact People Health risk
Source: J. Petts, Loughborough University, 1993.
Figure 1.2: Potential human and animal/plant exposure pathways
of hazardous substances from a disposal site
Evaporation
20 » Atmosphere .
Inhalation
3
b
5|8
2| |E
z g
2
=
Z A
Ingestion
Chemical | / / Sorption Direct contact | Aquatic and |(of food)
disposal [ > Soil > terrestrial Man
site biota
2|3 % S
. = .
§1E 22| g & &
ANES o< = &
=" s E &
« i E 3°
‘S 8 B
= =
B B &
&
&
Leaching or Y Q?'
direct surface runoff Ingestion (of water)
> Water

Source: The Safe Disposal of Hazardous Wastes: The Special Needs and Problems of Developing Countries,

World Bank/WHO/UNEP, 1989.
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Table 1.3:  Waste treatment/disposal technologies checklist

General Division Subdivision
Recycling » Gravity Separation « Filtration ¢ Distillation
* Solvent Extraction * Chemical Regeneration
Physical chemical » Neutralisation * Precipitation/Separation ¢ Detoxification(chemical)
Biological * Aerobic Reactor * Anaerobic Reactor * Soil Culture
Incineration  High temperature * Medium temperature  Co-incineration
Immobilisation » Chemical fixation * Encapsulation * Stabilisation
* Solidification ‘
Landfill » Secure landfill » Normal landfill  Co-disposal
Offshore * Ocean incineration * Ocean dumping * Export
Table 1.4:  List of potentially incompatible wastes !
Briisi il ncidi E Explosive
xidising mineral aci F Fire
Caustics GF Flammable gas
GT Toxic gas
Aromatic hydrocarbons H Heat generation
i HE|H S Solubilisation of toxins
| Halogenated organics GT |GF
| GF,
| Metals HEF
Toxic metals S |S
Sat aliphatic HE
hydrocarbons i
Phenols and cresols HF
: Strong oxidising agents H |HF HF
. H,F, H,
Strong reducing agents GT GT
Water and mixtures
{ containing water H HE S
: . Extremely reactive: do not mix with g
1 Water reactive substances (—I——I any chemical or waste material —_—

Source: Safe Disposal of Hazardous Waste: The Special Needs and Problems of Developing Countries
World Bank/WHO/UNEP, 1989,

1 Before treatment
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Table 1.5: Compatibility of selected waste categories with
different waste solidification/stabilisation techniques
Waste Cement-based Lime-based Thermoplastic = Thermosetting  Macro-
Component encapsulation  micro- encapsulation
encapsulation
Organics
Organic May impede May impede Organics may May retard set of Must first be
solvents and setting, may setting, may vaporise on polymers absorbed on
oils escape as vapour escape as vapour heating solid matrix
Solid organics | Good: often Good: often Possible useas ~ May retard set of Compatible:
(e.g. plastics, | increases increases binding agent polymers many
resins) durability durability encapsulation
materials are
plastics
Inorganics
Acid wastes Cement will Compatible Can be Compatible Can be
neutralise acids neutralised neutralised
before before
incorporation incorporation
Oxidisers Compatible Compatible May cause May cause May cause
matrix matrix deterioration of
breakdown or breakdown encapsulating
fire materials
Sulphates May retard Compatible May dehydrate =~ Compatible Compatible
setting and cause and rehydrate
spalling unless causing splitting
special cement is
used
Halides Easily leached May retard set,  May dehydrate =~ Compatible Compatible
from cement, most are easily
may retard leached
setting
Heavy metals | Compatible Compatible Compatible Acid pH Compatible
solubilises metal
hydroxides
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‘What environmental problems from landfills or dumpsites have been already observed in Udanax?

Refer to Part 11, Table 52. Review quickly the types of industrial and other hazardous waste currently going to the
dumpsites in Udanax. What problems is each of these likely to give during a landfill operation?

What long-term problems could each of these wastes give rise to in a completed landfill?

2 For ease of reference, this Table has been reproduced on the next page as Table 1.6/
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Table 1.6:  Measured hazardous waste in Industrial Estate ‘A’ and Udanax City
Process/Source Waste type Quant Current Landfill
: (m*/year)’ practice? option
Industrial Estate A
Chemicals manufacture Acids, chemicals 53 Drain
Metal finishing Metals 44 628 Drain
Detergents Alkalis 2323 Drain
Fertiliser Heavy metals, alkalis 165 Drain
Foundry Dust/Slag 503 Dump
Resin manufacture Formaldehyde 438 Drain
Electronics Oil & solvents 404 Sold
Foundry/metal works Hydrocarbon 115 Sold
Packaging/printing Solvent sludges 27 Dump
Vehicle assembly Sludge (paint) 12 Stored
Battery manufacture Sludge with heavy metals 60 Dump
Leather tanning Treatment sludge 892 Dump
Pesticides Filter materials, surplus 111 Dump
stock
Textiles Sludge 236 Dump
Chlorine production Sludge(contains mercury) 122 Dump
Vehicle assembly Non-halogenated spent 224 Dump
solvent
Electroplating Cyanide wastes 28 Stored
Plastics & rubber PVC waste 48 Dump
Beverage industry Organic waste 13 000 Drain
Wood products Chemical sludges 125 Drain
Pulp & paper Toxic sludge 180  Unknown
Refineries Hydrocarbons 180 Export
Foundry PCB (once only) (1380) Export
Refineries Caustic sludge 120 Dump
Packaging & print Resin & glue 60 Dump
Glass making Lead sludge 72 Dump
Manufacture of explosive = TNT & explosives 20 Stored
Fish canning Treatment sludge 15 000 Dump
Total 79 146
Pesticides Containers (estimate) 1600  Stored
Printing Containers (estimate) 200  Dump
Detergent & soap Containers 3150  Stored
Total 4950
Udanax City
Excavation (old gas works) Contaminated soil (tar) (1000) Dump
(once only)
Auto work shop Oil & sludges, solvents 6225 Sold
Shipyard Hydrocarbon oils 983 Sold
Hospital Pathological waste 472 Dump
Construction sites Asbestos 190 Dump
Laboratories Mixed chemicals 253 Drain
Harbour Sludges 328 Dump
Printing Photographic wastes 434 Drain
Power plant Ash & pcB 700 Dump
Storeyard Pesticides/DDT 50 Dump
WW treatment plant Sludge 800 Dump
Total 10 483

3 Quantities in cubic meters per year, containers in pieces per year
4 Drain: discharged to a drain or surface waterbody; Dump: disposed at a offsite or on-site dumping ground;

Export: export out of Udanax for treatment & disposal; Seld: sold to another party offsite for other use;
Stored: stored on site, awaiting a disposal option; Unknown: present disposal option is unknown.
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You are carrying out a feasibility study for the future 4. Wastes that should not be landfilled*:

company that V_"’ill. manage the new Green Site (:see e.g., Explosives, compressed toxic gases, liquid
Part II for details if you need to). You are preparing PCBs should not be landfilled for technical
schedules for wastes the site can accept, as per waste reasons. This group also includes wastes that
groups below. should not be landfilled for policy reasons (in

For the purpose of this exercise you have identified Udanax) e.g.. motor oils or surplus pesticides that

industrial wastes in Udanax with respect to the landfill
options that a landfill manager has to face, as follows:

1. Wastes that will definitely need to be landfilled
as no other options are practicable:
e.g., Asbestos—based on the technical and
economical considerations, secure landfill is the
best option.

2. ‘Wastes that could be safely landfilled without
prior treatment:
e.g., Biodegradable wastes—technically,
biodegradable wastes can be landfilled; however,
there often exist better options.

3. Wastes which could be landfilled if they were
pre-treated prior to landfill:
e.g., Liquid wastes; heavy metal salts. Pre-
treatment options should include detoxification,
precipitation, chemical and solidification, as
appropriate.

can be reused.

(Can you think of other landfill options from the point

of view of the operator?)

Table 1.6 is similar to Table 5 from Part Il of this
Manual; however, a fifth column has been added.

Indicate in this column which landfill option above
is appropriate for each waste, i.e. number /, 2, 3, or
4. If time is short, consider only those wastes from
the city of Udanax that are currently being
dumped. If more time is available, consider also

wastes currently going to drains, exported, stored
etc. (Remember that in the case of effluents it is the
treatment sludges, not the effluent, that would be

considered for landfill.)

Now, list some hazardous wastes from non-

industrial sources such as small shops, agriculture,
transport, households etc. Again indicate wtuch

landfill option above applies.

For wastes in Group 4 above, what alternative options should be applied? (ref. for example to Tables in Section
1.2)
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From Table 1.6, calculate as far as you can the total quantity of wastes in each category below.

Notes for the exercise

(i)  Volumes in “current practice” in Table 1.6 do not necessarily represent the exact amount likely to go to a
controlled landfill if it were available. Why not?

(i)  For non-industrial sources of hazardous waste, below, you will have to use intuition to guess the quantities
you feel are likely.

Waste type Quantity (give units)

1  Wastes that will definitely need to be landfilled

* Industrial Estate A

* Udanax City

» Non-industrial sources (hazardous waste)

2  Wastes that could be landfilled without prior treatment
* Industrial Estate A
* Udanax City

* Non-industrial sources (hazardous waste)

3  Wastes which should be pre-treated prior to landfill
e Industrial Estate A

* Udanax City

» Non-industrial sources (hazardous waste)

4  Wastes that should not be landfilled

* Industrial Estate A

» Udanax City

* Non-industrial sources (hazardous waste)
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Table 6 in Part [l of this Manual gave some
information about waste produced from Industrial

Estate B; however, the information was incomplete.

(This Exercise clearly demonstrates how difficult it is
to obtain a good answer if the initial information is not
good.)

First, in the table below, try to provide as much of
the missing information as possible using working
tables for the calculation of waste loads shown in Complete as well as you can the Table below, and
Partll. : work out the total volume of industrial waste from
' Industrial Estate B th: ds -
Next, try to work out how much of the waste could e i g 55
in principle go to landfill disposal (categories /, 2
and 3 in Exercise 1). '
Plant/Process ° Industrial Quantity of Waste For Landfill
Production Output (solid & liquid) (categories 1,2 & 3)
(102 tonneslyear) | : -
Vegetable oil refining 50
Phosphoric acid 90
Latex paints 230
Tanning 3m hides/y
Battery production (uses 4000 ty)
Sulphuric acid 120
Textile 26m m/y
Pharmaceutical 40
Rubber tyres 100
Paper & pulp 125
Steel foundries 50
Electroplating Cu 20
Electroplating Cr 8
Pesticides 35

5 Not all industries in the Estate responded to the survey.
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Note: This exercise is relevant if it is likely that a
future secure landfill site will accept wastes from
outside the immediate area of Udanax City. In this
case an estimation of national waste generation will be

necessary.
For further details of such estimation refer to the

UNEP document Hazardous Waste Policies and
Strategies: A Training Manual.

Exercises

(a) Using the waste coefficients in Table 5 in the
Background Section, together with the national
employment figures in Table 3a of the Country
Report, calculate the total quantity of
plating/metal treatment waste that will be
generated thmughout Udanax.

(b) Compare this with the amount of electroplating
waste expected from Industrial Estates A and
B. '

(c) What can you conclude from the comparison?

Here you will calculate the total quantity of urban
waste and sewage sludge generated in Udanax City,
and compare this with the total amount of industrial
waste generated in the City and in the two Industrial
Estates.

The Country Report (Part II of this Manual) gives
enough information for you to be able to use the
working tables in Part I to calculate:

(i) urban waste quantities
(ii) sewage sludge (assume this is landfilled)

(you will have to make some assumptions in
several places) o

You should compare the total with the maximum
amount of hazardous waste that might be landfilled
(Exercises 3 and 4).

How useful do you think the results of your
calculations are, keeping in mind the purpose for
which you are doing them?

How can you improve the accuracy?
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In the space below, prepare a summary of your conclusions on the identification of hazardous waste in Udanax,
and the role that landfill will need to play in the management of this waste. '

This summary will be included in the final Task Force report to the mayor of Udanax.

Main results and conclusions

Return completed sheet to workshop co-ordinator for incorporation in the workshop report.
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The suitability of a particular site for disposal of waste
depends on many factors. These include—

* the quality and quantity of waste

* natural features of the site

« engineered safeguards

* operational procedures that will be adopted.

The assessment of a site must take all of the above
into account, and try to predict the likely human and
environmental consequences. If the impact is too high,
then the site should not be used.

Siting criteria can often be presented as a series of
map overlays which, when put together, clearly
identify areas that meet all (or most) criteria.

Site assessment procedures vary according to the
circumstances, but typically involve the following—

* checklists of possible impacts, to ensure that
nothing is forgotten

* modelling or other predictive methods to evaluate
likely impacts

* risk assessment to see if the impacts are acceptable

Formal studies on the above lines may take the form
of Environmental Impact Studies (EIS), or equivalent.
Such studies determine the likely impact. A decision
to proceed also takes account of economic, social and
political factors.

Landfill sites are often regarded with disfavour by
local communities. This is partly because in the past,
landfill sites have been badly chosen and operated,
and partly because of the social stigma that now
surrounds “wastes”. The choice of future landfill sites
must therefore be carefully explained.

Worldwide experience has been that a public dialogue
must commence very early in a project, not as a
communiqué when all decisions have been made.
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2.2

BACKGROUND INFOR MAT ION - _

Table 2.1:  Landfill site selection criteria

Physical site Should be large enough to accommodate waste for life of production facility.

Proximity Locate as close as possible to production facility to minimise handling and reduce
transport cost. Locate away from water supply (suggested minimum 1 km) and
property line (suggested minimum 250 m).

Access Should be all-weather, have adequate width and load capacity, with minimum traffic
congestion. Easy access to major highways and railway transport.

Topography Should minimise earth-moving, take advantage of natural conditions. Avoid natural
depression and valleys where water contamination is likely unless good control of
surface water can be assured (suggested site slope of less than 5%).

Geology Avoid areas with earthquakes, slides, faults, underlying mines, sinkholes and solution
cavities.

Hydrology Areas with low rainfall and high evapotranspiration and not affected by tidal water
movements and seasonal high water table.

Soils Should have a natural clay base, or clay available for liner, and final cover material
available; stable soil/rock structure. Avoid sites with thin soil above groundwater,
highly permeable soil above shallow groundwater and soils with extreme erosion
potential.

L ]

Drainage Areas with good surface drainage and easy control of runoff.

Surface water Protection of the site against floods. Avoid wetlands or other areas with high water
tables.

Groundwater No contact with groundwater. Base of fill must be above high groundwater table.
Avoid sites above sole-source aquifers and areas of groundwater recharge.

Temperature Not within area of recurring temperature inversions.

Air/wind Areas where prevailing wind will carry-away any dust, emissions and odour from

direction populated areas or ecologically sensitive areas.

Terrestrial and Avoid unique habitat areas (important to propagation of rare and endangered species)

aquatic ecology and wetlands. Avoid national parks, forests, flora and fauna reserves, and coastal
areas.

Public health Areas where construction and operation will not adversely affect public health.

Aesthetic Sites where minimum visual impact is created due to construction and operation;
sites should be designed considering surrounding landscape.

Noise Truck traffic and equipment operation noise will not create nuisance.

Land use Avoid populated areas and areas of conflicting land use such as parks, scenic areas,
labour intensive industrial sectors, recreational reserves, camp sites, sporting
reserves, intensive agricultural area, areas zoned for future urban development, etc.

Cultural Avoid areas of unique archaeological, historical and paleontological interest.

resources

Power and water Areas with easy access to adequate power and water supply.

Sewer Site near interceptor sewer or wastewater treatment plants.

74

Source: Compiled from various reference documents cited in Part /.
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Table 2.2:  Rating chart for screening of hazardous waste disposal sites

SCREENING/SELECTION RELATIVE VALUE
CRITERIA 6 5 2 3 2 1 0
k| 8 lst| |0 5000
= 2 5 So _Zo g _5g
Office Review 3|5 |58 2 gm § |3 |33-33%88-¢§3
Precipitation (inches/year) <51 ——4——% H—> 18 10
Nearest surface water or stream (miles) >201 115 lb é -Ii é é 1el 5
Nearest use (discharge point) (miles) >20 L 4 it I i< 5
Seismic activity (miles) >151 I L 12 2
Preliminary Field Reconnaissance 15 2 3 45 | 10 .
. >15
Slope (percent) * C( : B <05 4
1.5 1.2 1009 08 07 06
Geomorphic stability (qualitarive) Stable . L ' L L 1 Unstable 4
Flooding potential (qualitative) - Low ¢ 1 | L 1 s High 4
Wind erasion potential (qualitative) Low L L . L A I High 2
Depth to water table (feet) >1000 ¢ SR 2 T éOfOGJﬁl(w 5
Depth (distance) to fractured bedrock (feet) > 1000 L 4500 4_50_360 26(:- 160 i <50 5
Type of burial media (qualitative) & §<( ; ' : : ' Gravel 4
5 g T T T T ; Clay
Subsidence (feet) 0L L ' : L <5
Optimum wind direction (qualitative) . Good - : : - ' Bad
Intermediate Field Reconnaissance
Distance to known fault . . L L 3
. ce wn fault (feer) > 5000 0 0 550 <1500 3
% Sorption capacity (me/100gm) >50¢ o 5 : 1<2 4
E. Thickness (feet) >500 7 0 1 <50 4
5 Engineering properties (qualitative) Good 1 . ' L L  Bad 4
o 02 030405 10 2 3 4 5
- 1 | | 1 L 1 ! P | ] > 10 4
£ Permeability (galday/f?) 01 C( , > 000
5 0.5 02 0001 0005  0.002
E . . A | L T Il L | H@ 4
o Effective porosity (percent) EEC( . : | . i
@ Structure (qualiative) Simple « : : ' : 1 Complex 4
A ratio of pan evaporation to precipitation minus runoff |~ > 84« 5% & % 1 <40 5
Hydrogeologic complexity (qualitative) Simple ¢ L | L 1 _i Complex 5
Suitability for control of water table (qualitative) | Easy ¢ n L 1 L 1 Difficut 2
Monitorability (qualitative) Easy . 1 L L : s Difficut 3
Remediability (qualitative) Easy L L 1 1 1 Difficult 3
Hydraulic gradient (feet/mile) <10 — T 15100 4
* If the slope is less than one percent and the site does 3 | 2

not lie in the defined floodway of a stream course or 6 | 5 l 4 | ] 1 I 0 Total :
lake and all other criteria have relative values above
average, disregard chart values for 'slope' and substitute an arbitrary value of '6". In all other cases, use chart values.

Source: US EPA 600/2 - 85/018, 1985
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Table 2.3:

Landfill design elements for evaluation

1.

Project outline

a

Project description/outline proposals

* area, depth, volume

* conceptual design.

Design principles/site characteristics

 dilute and disperse/containment/accumulate

» minimal leachate generation

* minimal environmental impact

* restoration of mineral workings or derelict land
* preserve, protect and enhance the natural environment of the site and its surroundings.
Justification of scheme

* waste sources, quantity, type, location

« area local plans (minerals, waste disposal)

* country structure plan

* local need

* site volume and life: input rates; yearly, daily peak.
Community liaison/involvement

« informal consultations.

Inspections/visits

* regulatory

« independent.

Future legislation

* incorporated in design

* phasing to permit later modifications.

Landfill operators details and resources

a
b.
s

d.

e
£
g
h
i

Company and management structure of the landfill operator

Proposed staffing levels and experience

Technical and management support

Management systems, quality assurance

Previous company experience

Training policy

Health and safety policy and actions

Environmental policy and action

Consultants brief/scope (if used for part or whole of proposal document)

Site characteristics

76

a
b.

National Grid reference

Past and existing land uses (official and unofficial)

» mineral workings and reserves; contaminated land; material assets, e.g. roads and buildings;
vegetation, woodland, crops, amenity use.

Position in relation to other developments (existing or planned)

* housing; industrial; agricultural; airports; local communities; land ownership.

Surface and groundwater quality and quantity

¢ seasonal fluctuations; base flow data; licensed and unlicensed waster abstractions; hydrology
(ditches, streams, rivers, land drainage, floods).

Land zoning designations

* green belt; special landscape area; area of outstanding natural beauty; site of special scientific
interest; agricultural land classification; rights of way;
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f  Topographic details

* land survey; photographs; maps.
g.  Utilities

» gas; electricity; telephone; water; sewerage.
h. Geotechnical investigation

= boreholes and trial pit logs; test results; soil tests.
i.  Background monitoring

» water, surface, ground; air, dust; noise; traffic.
J  Climate

» prevailing wind direction; rainfall quantity, distribution; evaporation; variations.
k. Transport infrastructure and usage

« road, accident statistics; railway; river, canals.

I.  Geology

¢ regional/local; solid/drift; subgrade stability/risk of subsidence.
m. Hydrogeology f

= water sources; aquifers; water tables; flow rates and direction.
n. Ecology

 habitats; species; value.
o. Landscape

* form; value.
p. Cultural heritage
« archaeology; local cultures; value.

Environmental impact, mitigating measures and opportunities

The documentation should address the possible effects of the proposed landfill on any of the items
identified during the site investigation and assessment. It should also identify the effects of landfilling

operations and measures to be taken to reduce the possibility of an adverse environmental impact.
In addition to site specific items, the probable minimum to be covered will be—

a. Traffic
* numbers; types; access routes; highway cleaning; enforcement.
b. Mud on roads
» wheel cleaning; highway cleaning; enforcement.
¢ Litter ;
« windblown; dropped on approach roads; litter pickers; litter nets (fixed or mobile); dumping
outside the fence; illegal access to site; covered vehicles.
d. Noise
* existing levels; increase; screening.
e Odours and gaseous emissions
* from fresh waste: daily cover, exposed area
* from landfill gas: control system, liner and cap
* from leachate: control system, liner and cap.
£ Pests
 birds: scaring, exposed area
* rodents: pest control officer, exposed area
* flies: pesticide, exposed area
+ operational practices, waste type
¢ daily cover.
g. Visual intrusion

* long and short distance views; screening bunds, tree planting; phasing; long- and short-term.
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Liquid emissions and discharges

* surface water: effect on local system

* rreated leachate: control system

* accidental: control system and barriers; migration.

Surface and groundwater

« effects on quantity, quality, hydrographs, water tables, long term and seasonal fluctuations.

Fires

* precautions; emergency procedure.

Dust and debris

= daily cover; spraying of roads.

Temporary or permanent loss or damage to:

» existing land use; adjacent land use; landscape; transport infrastructure; geological formations;
ecology; cultural heritage; public access/rights of way.

Hours of operation

» weekly working; weekends; lighting/noise/vehicle movements; holidays; emergency opening.

Benefits of proposed landfill

* new land use; reclamation of derelict land; conservation potential.

The above must consider the effects before, during and after landfilling.

5. Detailed design
a. Design criteria
b. Liquid control

* surface water: run off; ditches; cap requirements

* groundwater: dewatering; control.

* leachate: water balance calculations; formation rate, quantity, quality; critical level; collection,
drains; abstraction passive/active; treatment; disposal; monitoring; migration, attenuation; liner
requirements.

Gas control

« formation, rate, quantity, quality; abstraction; treatment; utilisation; diffusion/migration;
condensate; liner and cap requirements.

Liner requirements

* material, sources, quantities; specifications; testing; quality control; method statements.

Hazard and risk management/assessments

* site specific requirements; components of system.

General and specific environmental monitoring

* amenity items; operations; quantitative; inspections; audits; frequency and schedule; gas,
leachate and water; settlement; system for action and follow-up.

Waste body stability

¢ during filling; after completion.

Restoration

 aims; planned use; vegetation; construction; settlement; capping; soils; drainage; aftercare.

Site infrastructure

« offices, welfare/canteen: building details/regulations

* weighbridge

e roads: car park; truck park; skip/bin park; broken-down vehicles

» workshops/garages

» stores: inflammable/fuel; waste; parts

¢ laboratory facilities

» security fencing, gates, cameras, keyholders

* notice boards, signs

* mains services or alternatives
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* wheel/vehicle cleaning
« landscaping of reception area.
6. Site operations

a. Waste handling

» standard procedures: plant; compaction method
 difficult and special wastes: drum; handling, disposal and recycling; clinical waste; asbestos;
animal waste; slurries and sludges; malodorous wastes; liquid waste; other difficult waste.

b. Traffic control

* signs; supervision; routing of vehicles; lighting; roads, deposit area; face control; cover; sources,

application.
c¢.  Inputs

* administration; records, documentation, site diary. Monitoring; sampling, schedule. Non-

conforming waste.
d. Other operations

+ treatment plants; quarrying; recycling (facilities, screening, stockpiles); transfer (slave vehicles).

e Health and safety

 high visibility clothing; protective equipment; electricity; excavation of waste—drilling;
emergency plans (fire, spillages, non-conforming waste); trespassers.

£  Working/operational plan

 preparation; update; adherence to design and procedure for approval of deviations; fill sequence;
lagoons, trenches, bunds; poor, inclement, winter weather (fog, rain, wind); dewatering; secure

burial; cell construction; quantity control.

Possible consultees

» Local councils and authorities

* Health and safety ministry:
e.g. mines and quarries inspectorate,
factory inspectorate

. * Ministry of environment

 Fire service

» Police

* Port authorities

* Railways

+ Electricity/gas supply companies

« Society for the protection of nature

« Local pressure groups

* Local landowners

Ministry of agricultural/fisheries/food
Rivers authority

Civil aviation authority
Meteorological office

Forestry department

Water and sewerage companies
Landowners association

Local amenity societies
National environmental groups
National farmers union
Department of environment
Resident associations

Table 2.4:  Different stages of landfill site selection

Source: Shanks Mc Ewan, UK.

I Rl B o

Developing site selection criteria 6.
Identifying candidate sites best meeting these criteria. 7.
Initial review and evaluation of candidate sites. 8.
Selection of sites for final evaluation. 9.
Evaluation of regional awareness. 10.

Final technical evaluation and ranking of sites.
Public involvement.

Site selection.

Public hearing.

Review.

Source: The Solid Waste Handbook: A Practical Guide, W.D. Robinson, 1986.
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Table 2.5: Some possible impacts on ecology and human health

o On ecology

Construction period (land clearing)
* loss of ecosystem integrity
= erosion of soil
» alteration of nutrient cycle
* disturbance due to noise and vibration
* water quality deterioration
* dust/air pollution.

Landfilling period
» uptake of contaminated water by plants
*» food chain (consumption of contaminated food/prey)
* bioaccumulation
* water, air and noise pollution
» introduction of species foreign to the area.

Post-closure period
» uptake of contaminated water by plants
» food chain (consumption of contaminated food/prey)
* bioaccumulation
* water, air and noise pollution

» establishment of foreign species.

Vulnerable components
* local species of fauna/flora
* endangered species
= fish and wildlife nursery areas
* spawning grounds
* ecologically sensitive areas such as mangroves.

» On human health

Construction period
* noise, dust/air pollution
* water pollution.

Landfilling and post closure period (release of hazardous substances)
» exposure pathways (inhalation, ingestion, skin contact, water consumption)
* exposure duration and magnitude.
Vulnerable components
* workers
» children
» elderly.
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Figure 2.1: EIA scoping matrix
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Please note that the impact may have a positive effect, a negative effect, or a combined effect.
Source: Shanks McEwan, UK.
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Table 2.6:

1. The proposed action

Content of a typical environmental impact statement for a landfill

Purpose and justification

Project description

Primary impact area

Relationship with laws, policies and plans.

= . -

4. Unavoidable adverse impacts

2. Existing conditions

a Disruption of agricultural lands
b. Increased traffic

¢. Modification of surface water drainage
patterns

d Natural environment
b. Man-made environment

5. Alternatives to the proposed actions

3. Environmental impacts

a. Topographic, geologic and soils
Water quality and drainage
Ecological community

Land use, zoning and socio-economic
functions

Aesthetic
Health

Air quality
Noise

e n @

TR =

a No action
b. Alternative to the project
c¢. Alternative within the project

6. Relationship between local short term
environmental uses and the maintenance
and enhancement of long-term productivity

7. Irreversible and irretrievable resource
commitments with the proposed action

Table 2.7:

Public relations and public participation

Objectives of a public participation programme

Source: The Solid Waste Handbook: A Practical Guide,

W.D. Robinson, 1986.

¢ Promoting full public understanding of the need
for a landfill and the principles of its operation

¢ Keeping the public well-informed on the status of
various planning, design and operation activities

* Soliciting from concerned citizens their relevant
options and perceptions involving landfill
development

* Promote consciousness of the public of their role
as waste generators

* An effective mechanism to force decision-makers
to be responsive to issues beyond those of the
immediate project

* An effective mechanism to encourage public
reflection on their role as waste producers

Disadvantages of a public participation
programme:

Advantages of a public participation
programme

* An increased likelihood of public approval for
the final plans

¢ A method of providing useful information to
decision makers, especially where values or
factors that are not easily quantified are
concerned

« Assurance that all issues are fully and carefully
considered

e A safety valve in providing a forum whereby
suppressed feelings can be aired

» Increased accountability by decision makers

* A potential for confusion of the issues since
many new perspectives may be introduced

* A possibility that erroneous information will be
disseminated from unknowledgeable participants

e An added cost to the project due to public
involvement

» Possible delays in the project due to public
involvement

* A possibility that the effort will not involve the
appropriate people or the citizen, will not develop
an interest in the project until it is too late for
changes to be initiated

* Public resistance to landfilling may still be high
despite the best efforts of public participation

programme
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Table 2.8: Potential participants of a public participation programme !
* Local elected officials » State elected officials
+ State and local government agencies ' ' Federal agencies
« State and local public works personnel * Conservation/environmental groups
* Business and industrial groups » Service clubs and civic organisations
» Property owners and users of the proposed sites and neighbouring areas
* Media including newspaper, radio, television etc. = Farm organisations
* Educational institutions * Professional groups and organisations

e Various urban groups, economic opportunity groups * Political groups and associations

* Labour unions e Others

Source: Landfill Disposal of Hazardous Wastes and Sludges,
Pollution Technology Review No. 62 Marshall Sittig, 1979.

Table 2.9:  Public participation techniques

* Public hearing e Public meeting

* Liaison committee meetings ¢ Mailings

* Contact persons « Newspaper articles

* News releases * Audio-visual presentation

* Newspaper advertisements » Posters, brochures, displays
*  Workshops = Radio talk shows

* Tours/fields trips + Ombudsman

« Task force * Telephone line

Source: Landfill Disposal of Hazardous Wastes and Sludges,
Pollution Technology Review No. 62 Marshall Sittig, 1979.

Table 2.10: Community concerns in landfill siting

e Predevelopment land use and subsequent environmental impacts

»  Zoning problems/conflicting land uses » Groundwater pollution and leachate
* (Gas migration *  Vectors

¢ Noise ¢ Odour

* Aesthetics including site visibility » Safety and health

» Traffic » Spillage

= Sedimentation and erosion * Final land use

Source: US EPA

| See also Table 2.2, Part 7.
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Figure 2.2: Suggested timing of public participation activities for sample landfill development
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EXERCISES

| Exercise 2.1

Emvironmontal mpact Asssssment

Two car!didatfe sites lhaz;nb?en-l'prqposeg for For each of these two sites, rate the possible
construction of a new landfill facility in order to impacts on a scale of 1 to 3, where—
dispose the waste produced in Udanax City
Metropolitan Area. 1: not important
The site characteristics are presented in the Country 2: importalit
Report, Table 8. *3: very important
ltem Blue site Green site
Surface water pollution L] L]
Groundwater pollution (1 (]
Coastal pollution [] L]
Noise pollution
* construction stage 0J O
* operation stage U LJ
Air pollution
* odour O O
» windborne contaminated particles (] L]
« volatilisation of wastes/emission of gases (] L
* aesthetic L] U
Land transportation of wastes ] O]
Pollution due to construction of additional infrastructures O ]
Effects on surrounding plants and animals ] O
Property values L] [
Proximity to residential area or sensitive sites O L]

Which of these two sites do you prefer for an industrial waste landfill?

Why?

Explain why you cannot just add up the individual ratings for each site to obtain a total score.
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EXERCISE 2.2  Public participation

(@  Assume that an Environmental Impact Statement (EIS) along the lines shown in Table 2.5 has been prepared
for one of the sites considered in Exercise 2.1. How would you use this EIS in a public relations programme
designed to overcome public opposition in Udanax?

(b)  What other activities would you include in your public relations programme?

(c)  From the country report, who are the key individuals and groups to contact in Udanax?
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You are preparing an information package to support the proposal to establish a new landfill on the Blue Site (or
the Green Site)— '

(a)  Prepare a list of points that is designed to convince the public and the politicians that a new site is
necessary, that other options are not practicable, or may be less satisfactory.

(b)  Prepare a list of points that is designed to convince the community that they will not be adversely affected
by the new site. (Some of these points will involve decisions on design, operation etc. of the future site).

(¢)  Prepare a one-page briefing note to the Mayor of Udanax city on the above; or prepare a one-page Press
Release for local newspapers. '
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In the space below, prepare a summary of your conclusions on the process of site selection in Udanax.

This summary will be included in the final Task Force report to the mayor of Udanax.
—_— =

Work Group
Session Subject

Main results and conclusions

Work Group Members

Return completed sheet to workshop co-ordinator for incorporation in the workshop report.
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Good design of facilities is a key component in
ecologically sound landfill disposal (other components
are siting, waste pre-treatment, and safe operation).
The engineering aspects of landfills must take the
natural site features into account, as well as the
construction of artificial barriers to leachate
movement, cell construction, site capping and so on.

Landfill design has developed considerably in recent
years. The main emphasis has been to introduce
greater safeguards against escape of contaminants
from the site. The key issue in this respect is to
minimise leachate generation and escape by paying
close attention to surface water management, as well
as avoiding the entry of liquid waste to the site.

However, it is likely that some liquids will penetrate
the site, and so barriers to leachate escape must be
provided. This is done using natural soil or artificial
membrane liners to limit leachate movement.

Other engineering aspects include gas collection
(where biodegradable wastes are irivolved), proper site
stability, and diversion of surface drainage. In some
landfills, special measures are taken to deal with
wastes—such as asbestos, encapsulated wastes, for
example.

However sophisticated in itself, landfill site
engineering has to pay regard to the way the site will
be operated, and also to long-term security after
closure. Accordingly, site design must allow for easy
operation and systematic monitoring.

Actual design is a lengthy task. The exercises in this
session give an insight into several aspects of landfill
engineering, such as the selection of the best method
and leachate control. In real situations, a number of
special wastes are often confronted, and an exercise
on this is also included.

1
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Table 3.1:  Landfill engineering disciplines

Chemical engineering Electrical engineering Meteorology

Chemistry Environmental engineering Microbiology

Civil engineering Geotechnics Reclamation

Climatology Horticulture Soil mechanics

Cost and benefit analyses Hydrology Transportation economics
Ecology Landscaping Water engineering

Source: Disposal and Recovery of Municipal Solid Waste, Ed. M.E.Hemstock. Butterworths, 1983.
Table 3.2:  Landfill types and methods

Landfill concepts

. Attenuate and disperse sites where leachate and waste is allowed to escape into the environment at a
controlled rate. Pollution is reduced by degradation and attenuation within the landfills and by dilution of
the leachate plume in the aquifer.

2. Containment sites are aimed at isolating wastes and leachate from the surrounding environment for a
considerable time.

3. Archival sites are specifically engineered to contain wastes indefinitely, but also to permit later
identification and retrieval.

Methods of landfill

1. Co-disposal: when hazardous wastes are deposited with or into household or similar wastes with the
objective of taking advantage of the attenuation process occurring in such wastes. Wastes must be critically
assessed prior to being introduced to ensure that they are compatible with household waste. There are
several ways of arranging co-disposal operations, such as trench disposal, or mixing directly with waste
deposited on the face.

2. Monodisposal: where wastes having the same general physical and chemical form, often by lagooning in
the case of sludge. Once deposited, the wastes do not necessarily remain in the same physical form—for
example, lagooned sludges are generally allowed to dewater, but usually would remain in the same
chemical form. Highly polluting wastes would not normally be disposed of in this manner.

3. Multi-disposal: where the practice of disposing chemically different wastes in the same sites with the aim of
reducing the polluting potential of the individual wastes.

Table 3.3:  Landfill lining

Selecting a liner depends on—

¢ degree of protection desired against leachate escape « effectiveness: liner types and waste types
¢ cost: both acquisition and installation ~ * installation time ¢ durability

Potential disadvantages of the liner

» the expected life of liners has not been established. Liners have been used at landfills over a relatively short
period (less than 10 years), whereas effectiveness must be assured for many decades

« effects of various waste types on liners over time are not well understood
» difficulty of assuring the quality of the installation
« waste disposal operations can tear the liner, causing leachate seepage

* changes in hydraulic conductivity of the underlying or surrounding soil cause the groundwater to rise, which
exerts upward pressure on the liner

* once the liner is in place and waste is deposited, liner failure cannot be easily detected or readily repaired
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Figure 3.1: Schematic cross-section of a landfill

Internal monitoring and

Clay cover leachate collection wells
Soil cover .. Topsoil
External : 3 /" and grass
monitoring

- Historically high water table

Source: Environmental Science and Engineering, Prentice Hall

Figure 3.2: Composite liner systems

Protective soil or cover (optional) Drainage ;:11"“ Tt’[é’]:'nﬁ’ Bottom composne liner
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Schematic
Primary ; . diagram of a
collection and £ composite double
removal system G ; yppu component  [inar system for a
3 landfill
collection and o
T Low pmenty s e {compacted sol]
Protective soil or Top liner [RML]
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clay/liner
combination COS“"""“M il MW
removal system

Source: Safe Disposal of Hazardous Wastes: The Special Needs and Problems of Developing Countries,
World Bank/wHO/UNEP, 1988.
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Figure 3.3: Leachate monitoring borehole
Figure 3.3a Basement layer system (Germany)
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Figure 3.3b Landfill cross section—base liner (Cibinong, Indonesia)
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Table 3.4: Characteristics, advantages, and disadvantages of different synthetic liners
Liner material Characteristics Range of | Advantages Disadvantages
costs |
Chlorosulfonated Family of polymers M Good resistance to ozone, Tensile strength increases
polyethylene prepared by reacting heat, acids and alkalis, on ageing: good tensile
polyethylene with chlorine easy to seam when supported; poor
and sulphur dioxide resistance to oil
Linear low density Blown or sheet extruded | MtoH Good resistance to oils
polyethylene; very (based on and chemicals, resistant to
low density thickness) weathering; available in
polyethylene 40-120mm thickness
Polypropylene Calendered, blown or MtoH Easy to seam in the field,
sheet extruded (based on available in 40-120mm
thickness) thickness
Ethylene Calendered (reinforced) MtoH Good chemical resistance,
interpolymer alloy available in 30-80mm,
good UV control
Neoprene Synthetic rubber basedon | H Resistant to oils, Difficult to seam or repair
chloroprene weathering, ozone and
ultraviolet radiation, to
puncture, abrasion and
mechanical damage
Polyvinyl chioride Produced inroll formin | L Good resistance to Attacked by many
various widths and inorganics, good tensile,  organics, including
thicknesses; elongation, puncture, and  hydrocarbons, solvents
polymerisation of vinyl abrasion resistant and oils; not
chloride monomer properties, wide range of  recommended for
physical properties, easy  exposure to weathering
to seam and ultraviolet light
conditions
Thermoplastic Relatively new class of M Excellent oil, fuel and None reported
elastomers polymeric materials water resistance with high
ranging from highly polar tensile strength and
to non-polar excellent resistance to
weathering and ozone
High density Blow or sheet extended PE | Mto H Good resistance to oils Thicker sheets require
polyethylene (based on and chemicals; resistant to  more field seams; subject
thickness) weathering; available in to stress cracking; subject
20-150mm thicknesses, to puncture at lower
resistance to high thicknesses; poor tear
temperature propagation.

All ratings are based on proprietary compounded materials designed for that specific application.

Source: US Environmental Protection Agency Handbook Remedial Action at Waste Disposal Sites,
EPA 625/6—-85-006, Cincinnati, Ohio; Office of Research and Development [1985]

I Range of costs: L = $1.4/yd2, M = $4.8/y2, H = $8.12/yd? (installed costs).
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Table 3.5:  Values of porosity and hydraulic conductivity
Hydraulic Conductivity
Soil type Porosity % | Description K (m/sec) 2
Gravel 25-40 High permeability Over 1x10-3
Sand to fine sand 25-50 Medium permeability 1x10-3 to 1x10-5
Silty sand to dirty sand 30-50 Low permeability 1x10°3 to 1x10-7
Silt 35-50 Very low permeability 1x10°7 to 1x10-2
Clay 40-70 | Practically impervious less than 1x109

Source: For porosity values, Freeze, R.A., and Cherry, J.A., Groundwater, Englewood Cliffs, N.J.: Prentice Hall,
1979, pp. 36-37. For hydraulic conductivity values, Theil, P. ‘Subsurface Disposal of Storm Water' in Modern
Sewer Design, Canadian Edition, ed. Committee of Sheet Steel Producers, Washington, D.C.: American Iron and
Steel Institute, 1980, pp. 175-193. From: Environmental Science and Engineering, J.G. Henry and G.W. Heinke,
Prentice Hall International Editions.

Significance of soil permeability values

Permeability Equivalent movement of liquid

value (Ky) and associated contaminants
(m/sec) (m/year) (feet/year)
1x103 31500 100 000
1x10 315.0 1000
1x10°7 32 10
1x10° 0.03 0.1

The above is only indicative as actual flow rates will depend on the hydraulic gradient and other factors.
Contaminants may not move at the same rate as the water, due to attenuation or solute potential.

Source: Safe Disposal of Hazardous Wastes: The Special Needs and Problems of Developing Countries,
World Bank/'WHO/UNEP, 1989.

2 Conversions: m/sec x 0.0197 = feet/min; m/sec x 28.80 = feet/day; m/sec x 212 = qpd/ft?
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Table 3.6:  Landfill leachate
Factors which affect movement of leachate in a landfill site
+ geohydrologic conditions » disposal methods and operating conditions
s climatic conditions * types of waste
* engineering design * age of site

‘Estimation of leachate seepage velocity

Darcy’s Law: Q = KA*(dh/dL)

Where: Q is the seepage discharge flow rate A is a cross-section area of the bed
K is the coefficient of permeability dh/dL is the hydraulic gradient

Estimation of amount of leachate produced

Lo=L-E-aW

Where: Lo  is the free leachate retained at the site (m /annum)

L is the total liquid input (precipitation + liquid waste + surface and groundwater inflow +
liguid content of waste) in m’ /fannum

E  is the evapotranspiration losses in m?3 fannum
a is the absorptive capacity of the waste in m3/tonne

W is the weight of the waste deposited in tonnes/annum

Leachate treatment methods

« recirculation through landfill *  on-site treatment: chemical/physical treatment
¢ spray irrigation * biological treatment

+ evaporation in collection pond «  evaporation of leachate in collection pond

« discharged to municipal wastewater collection system
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Table 3.7:  Composition of some leachates from landfills
(all results in mg/l except pH value)
Pitsea  Rainham 3 Granmo  Cedar Hill
Household [ud] [ux] [NORWAY] [usa]
waste Industrial Industrial/ Industrial Industrial/
Household Household
43% 66%
pH value 5.8-7.5 8.0-8.5 6.9-8.0 6.8 54
COD 100-62 400 850-1350 470 38 800
BOD 2-38 000 80-250 320 24 500
TOC 20-19 000 200-650  77-10 000 100
Volatile acids (C1-C6) ND-3700 20 600-10 000 10 7100
Ammoniacal-N 5-1000 200-600 90-1700 120
Organic-N ND-770 5-20 62
Nitrate-N 0.5-5 0.04
Nitrate-N 0.2-2 0.10-10 8.0
o-Phosphate 0.02-3 0.20 0.6 (total) 11.3 (total)
Chloride 100-3000 3400  400-1300 680
Sulphate 60460 340 150-1100 30
Sodium (Na) 40-2800 2185 2000 462
Potassium (K) 20-2050 888 50-125 200
Magnesium (Mg) 10480 214 66
Calcium (Ca) 1.0-165 88 188
Chromium (Cr) 0.05-1.0 0.05 05 0.02 1.05
Manganese (Mn) 0.3-250 0.5
Iron (Fe) | 0.1-2050 10 0.6-1000 70 810
Nickel (Ni) 0.05-1.70 0.04 0.5 0.1 1.20
Copper (Cu) 0.01-1.15 0.09 0.5 0.09 1.30
Zinc (Zn) 0.05-130 0.16 1.0-10 0.06 155
Cadmium (Cd) 0.005-0.01 0.02 0.0005 0.03
Lead (Pb) 0.05-0.60 0.10 0.5 0.004 1.40
Monohydric phenols 0.01 ND-2.0
Total cyanide 0.01 0.09-0.52
Organochloride pesticides ; 0.01
Organophosphorous pesticides 0.05
PCBs 0.05

Source: Safe Disposal of Hazardous Wastes: The Special Needs and Problems of Developing Countries,
World Bank/WHO/UNEP, 19889.

3 Samples obtained from boreholes within the fill.

=
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Table 3.8:  Landfill design factors

1.  Design objectives

A. Safe and permanent treatment and disposal of hazardous and toxic wastes

a All wastes will be required to be assessed for their suitability for landfill. Wastes should be
rendered inert prior to placement in the landfill to the extent practicable.

b A successful treatment facility will—
* recover useful materials from waste
* reduce quantities to be landfilled
« prepare waste for disposal (render contaminants as insoluble as practicable).
B. Provide an economic balance between public and environmental well-being and impacts on
the nation’s industrial sector

2.  Factors influencing design

A.  Public acceptance and support

B. Permitting and regulatory compliance (compromise between various government agencies
and municipalities) -

C. Site access and topography

D. Availability of suitable land

E. Availability of technology, equipment and spare parts

F. Geotechnical aspects of the site

G. Climate and availability of climatological data

H. Design of contaminant control mechanisms and monitoring systems

I.  After-use of the site.

3.  Administrative and processing facility design

A.  Transportation
a Impacts on connection to the regional transit system (roads, highways, railroads)
b Internal facility circulation— ;
* minimise cross traffic
s one way traffic is preferred
¢ Wheel cleaning and vehicle wash facilities.
B. Administration area
a Administrative building for—
* operations engineering
* record keeping and accounting
« security headquarters
b Weighbridge and reception point (with sanitary facilities, utilities etc.)—
s Entrance and exit scale to avoid traffic conflicts
¢ Loading inspection area
d Parking lot for personnel and visitors
e Pullout area for incoming vehicles applying for permits at the administrative building.
C. Waste receiving area
a Loading docks for drums and bulk waste
b Storage and segregation area for drums and bulk wastes
¢ Transfer area for roll-offs and trailers
d Hot pad, holding quarantine area for non-conforming, leaking or unidentified loads.

D. Process treatment
a Physical/chemical treatment (including for leachate): these process treatments prepare waste for
landfill. They oxidise cyanide wastes, reduce hexavalent chromium, precipitate and remove
heavy metals and remove organic contaminants and suspended solids
b Solidification and stabilisation: utilises cementitious reactions to.incorporate the waste material
in a solid matrix with greatly reduced susceptibility to leaching.

w
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E. Infrastructure and support facilities
a Maintenance (workshops etc.)
b Emergency equipment (fire, spillage)
¢ Monitoring (weather station, laboratory facilities for waste analysis).

Excavation and disposal area design

A. Hydrogeological information
a Soil (depth, texture, structure, porosity, permeability, moisture, ease of excavation, stability, pH
and cation exchange capacity)
b Bedrock (depth, type, presence of fractures, location of surface outcrops)

¢ Groundwater (average depth, seasonal fluctuations, hydraulic gradient and direction of flow,
rate of flow, quality, uses)

d Proximity of surface waters
e Seismicity of the region.
B. Design of landfilling area

a Select landfilling method

b Knowing projected waste stream quantities and types of waste expected, determine capacity for
30 to 40 year design life

¢ Specify design dimensions (trench or cell width, depth, length, spacing, number, and interim
cover and final cover thickness)

d Specify operational features (use of cover soil, method of cover application, need for imported
soil, equipment requirements, personnel requirements)

e Specify final landforms (contours, slopes).
C. Disposal area layout
a Optimise land use and facilitate operations
b Provide security fencing and buffer zones, escape routes
¢ Follow government regulations, observe property set-backs.
D. Liner design
a Consult manufacturers and installers of flexible membrane liners
b Evaluate compatibility of liner materials with expected leachate.
E. Leachate collection system
a Sumps and monitoring wells
b Manholes and risers
¢ Leachate treatment.
F. Drainage design
a Run-on-runoff control systems
b On-site runoff may or may not need treatment.
G. Closure plan
a Impermeable cap design
b Gas generation control
¢ Long term ground water monitoring
d Restoration and after-care.
H. Construction and disposal sequence
Quality assurance plan
J. Construction specifications, cost estimate and operations plan.

100

Source: Udanax Environmental Consultancy, Udanax City.
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Table 3.9: Landfill design criteria

1.

General constraints

a 15 m minimum from edge of landfill to property line
b Base of liner foundation must be 2.4 m above water table.

Recommended slopes

a Final cover—

* minimum 2%; recommended 5%; maximum 33%
b Interim and perimeter berms

s 1%to 5%
¢ Base

* 2% desirable; 0.5% minimum.

Landfill liners

Permeability <= 1 x 107 cm/s
a Clay liners
* minimum amount of clay 25-28 % by weight; compacted to 95 % maximum density
b Flexible membrane liners
* synthetic polymer liners; resistance to chemical attack.

Leachate and gas collection system

The leachate collection and removal system consists of a network of drains to collect and remove any
accumulation of leachate that might develop in the bottom of the landfill, and it prevents migration of
leachate to the subsurface. ;
a Collection drain layer
« layer permeability not less than 10-3 m/sec; minimum thickness 30 cm; minimum slope 3%
b Drain Pipe
s size & hydraulic capacity: large enough to carry-off the collected leachate
* spacing (recommend by U.S. EPA)
size : 15 cm diameter perforated or slotted; spacing: 5 to 60 m apart
¢ Gas Collection
* active or passive system using vertical/horizontal wells or venting trenches.
Unless the landfill is to receive mainly inert wastes an active (i.e. pumped) a gas collection
system is needed.

5.

Final cover

Settlement allowance: need to surcharge contours by 10-25% depending on wastes landfilled.

a Geometry of the design
* avoid ponding
* adequate drainage without inducing unacceptable erosion
* adequate landscape integration

b Arrangement (US EPA Regulation)
* vegetated top layer with minimum thickness 60 cm
* middle drainage layer with m:mmum thickness of 30 cm and permeability of 10-3 m/sec
* low permeability bottom layer (1 09 m/sec) with two- -component system: i] membrane liner;

ii] underlain by at least 60 cm of compacted clay

Run-on/Run-off systems

This system consists of combination of dikes, berms, ditches and sumps to intercept run-off from off-site
areas and divert it away from the landfill. The system is also designed to collect, store and if necessary
treat any precipitation falling directly on the landfill.

Design criteria: 24 hour 25 year storm event.

Source: Udanax Environmental Consultancy, Udanax City.
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Example of design of hazardous waste landfill (Indonesia)

Figure 3.5:
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Table 3.10: Indicative site development costs

Assumptions

Site investigation proves the site suitable for waste disposal

Access to the site by rail is achieved

Overhead power lines cannot be relocated

Streams on site can be diverted (if not, site volume may be reduced slightly)
Filling rate of 300,000 m?3/a is achieved

Site volume = 7 million m3

Area suitable for landfill = 434,000 m2 (average fill depth = 16m)

Site life = 23 years

A IR e s

1.  Planning and site licence
Site investigation ..........cc.ccuveee. ... $80,000 APPEAl CORES . cuvissusscsissnssmmssissinssinsssnss $400,000
Preparation of EIA and apphcanon ....... $220.000 Licence application .........ccoecveeeerceceees $14,000
Application fee ..........cccocvccnrciiniininnnn. $13,000 Topographic Survey ........c.oceieescanenes $12,000
2. Rail transfer facility '
The facility will need to be built level with the existing rail track, around 6m above the
surrounding land.
This is a very rough estimate and will require considerable work to be accurately assessed.
Fill, track, points, ballast, signals and access ramps and mobile crane. .........cccocverivrinsnsceenen.. $4,000,000
3 Ac
Required for employees and plant.
Upgrade existing farm track 400 x 5m? at $20/m2 o NI, © 111, |
New road to reception area (350x5) + 100m 2 of passing bays at $41-0;"m2 ERPPICIRRTOPEISSM. <5 % | | |
Hardstanding 2,500m? at $ 20/m? ..........$50,000 IR, . vsonssicinissanisisimissimavssssisviissiias SR
2 ;AR | | | ) | | Sewage (sepnc lank) rreneneressasenesess 34,000
(80711 s e 1 1 41 1 Pl Tank o canmis s $9,000
BISCHOBILY .cvcivcsiciisisiinnssisisinissmssisassasnas S100,000 WOTKEIKD  coicssiainssosaissssiassiemmismpiasansins $14,000
VBRI oo ccnvicasvors rensarmrersmssessassensessaiannasssnss SO0
5. Preparation of base

1m of “soil” to be stripped and stockpiled from the initial area to be prepared. Thereafter stockpiling will
not be needed. Soil stripped from a new area will be used directly to restore a filled area.

Total area = 434,000 m3. Annually 434,000/23 will be needed—i.e. 18,900 m2/a
Prior to site opening two years landfilling space will be prepared.

Soil strip and stockpile = 2 x 18,900m3 at $2. 80fm3 SIS, | | " : |
Rework 1m depth of clay =2 x 18, 900m3 at $3.60 . SR R s s s B TONID)
Thereafter annually:

Soil will be stripped and used for resloraﬂon (ycars 1 to 21): see Restoration section.

Rework 1m depth of clay = 18,900m?3 at $3.60 .. ....568,000
Additionally, annually allow for movement of 10, 000m3 for bundmg etc at $3 20 veeenene $34,000
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6. Leachate drainage
Using perforated pipe surrounded by shredded tyres. Runs to be spaced at 20m centres.
Tyres shred 2.5m3/m run Section = $25.00/m
Back haul at, say, $6.00/m> = $15/m Geotextile at $6.00/m
Slotted aquapipe 125mm at $74/3m
Base of site.... ... Cost/linear m = $41.00
Im of plpe services 20m? of ﬂoor
Cost per m 2 of floor = $41. 00f20 $2.05
Annually require 18,900m? of floor to be covered
Therefore annual cost is .. ... $38,800/a
Leachate chimneys: aIlow a fur!her ....$12,000/a
Provision of an artificial membrane if required
HDPE geotextile at $4.00/m?
2.5mm HDPE membrane at $12 00/m?2 ... ...$27.20/m?
HDPE geotextile at $4. 00!m
Sand blinding at $7.20/m?
This gives an annual cost of $38.40 X 18,900 ......ccccueririnmrieriicniiieeeceeieeeese e serenenenene. $726,000/2
7.  Leachate generation and treatment 4
Year Area 15% of effective Volume of leachate Capital cost Treatment
cost rainfall (m/yr) (m?) %) running
1 18,900 0.055 1,040 60,000 20,800
2 37,800 0.055 2,079 41,580
3 56,700 0.055 3,118 62,360
4 75,600 0.055 4,160 83,200
5 94,500 0.055 5,200 104,000
6 113,400 0.055 6,240 124,800
7 132,300 0.055 7,280 60,000 145,600
8 151,200 0.055 8,320 166,400
9 170,100 0.055 9,360 187,200
10 189,000 0.055 10,400 208,000
11 207,900 0.055 11,440 228,800
12 226,800 0.055 12,480 249,600
13 245,700 0.055 13,520 270,400
14 264,600 0.055 14,560 60,000 291,200
15 283,500 0.055 15,600 312,000
16 302,400 0.055 16,640 332,800
17 321,300 0.055 17,680 353,600
18 340,200 0.055 18,720 374,400
19 359,100 0.055 19,760 395,200
20 378,000 0.055 20,800 416,000
21 396,000 0.055 21,840 60,000 436,800
22 415,000 0.055 22,880 457,600
23 434,700 0.055 23,920 478,400
24 434,700 0.055 23,920 478,400
25 434,700 0.055 23,920 478,400

Continues 20+ years

. 4 Based on an activated sludge system, treating 7,300m>/a at $60,000 per plant. Cost of treatment = $20/m>.
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‘8. Landfill gas control

Based on estimated costs of:

Capital = $0.30/m3 of waste imported; Running cost = $0.050/m3 in situ;
Volume placed annually = 300,000m3

Year Volume of waste Capital Running
Input/yr Cumulative input $ $
1 300,000 300,000 90,000 15,000
2 300,000 600,000 90,000 30,000
3 300,000 900,000 90,000 45,000
4 300,000 1,200,000 90,000 60,000
5 300,000 1,500,000 ’ 90,000 75,000
6 300,000 1,800,000 90,000 90,000
7 300,000 2,100,000 90,000 105,000
8 300,000 2,400,000 90,000 120,000
9 300,000 2,700,000 90,000 135,000
10 300,000 3,000,000 90,000 150,000
11 300,000 3,300,000 90,000 165,000
12 300,000 3,600,000 90,000 180,000
13 300,000 3,900,000 90,000 195,000
14 300,000 4,200,000 90,000 210,000
15 300,000 4,500,000 90,000 225,000
16 300,000 4,800,000 90,000 240,000
17 300,000 5,100,000 90,000 255,000
18 300,000 5,400,000 90,000 270,000
19 300,000 5,700,000 90,000 285,000
20 300,000 6,000,000 90,000 300,000
21 300,000 6,300,000 90,000 311,000
22 300,000 6,600,000 90,000 330,000
23 300,000 6,900,000 90,000 345,000
24 NIL 6,900,000 NIL 345,000
25 NIL 6,900,000 NIL 345,000
9.  Surface water pick up drains
2,200 of ditchin® A S1 UM - civininnaiimmie i s A s s e e st s naiies 5,000
10.  Capping and restoration

Engineering cap: to be placed each year following filling
Area to be capped annually = 18,900 m2

Using on-site material 18,900m3 at $3.60/M2 .................cccoumrreeemmmmssesssamsusssssssssesssssassssesssssssnsssns $68,000/a
Alternative cost if VLDPE is used
Clotiantiles and VEDPE s $1220M0 % ,..cciiiimsmiisisisriiasissin it etz 1,560
Replacement of soil (agricultural cap)
VRIS B SR BONNT icionsvsssinssiscssmomiysissssissi i Sisshissiaessisaaaiississtosinoo S SEODENA
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11.

Fencing

Given that the site is isolated security fencing may not be needed except for a compound

around the reception area—say, 300m at $30/m...

...$9,000

(Should it be needed around the entire site, the cost would be 2 SUOm at $30:’m) ..........$84,000

12

Monitoring

Groundwater monitoring boreholes: 6 at $8,000 each .........ccoooiiiiiiiiiiiiiciceice e
Gas probes: $ay, 30 at $200@ACH .......roi-cermevemasusnsissossansasasasnsorsasanasisnss
Environmental monitoring: annuUallY .........ccooieiiieereeciscsee s esse s see e et e seae e sennneene

.$48,000
...$6,000
$60,000/a

13.

Consultants

VTU surveys, levelling etc . o e = W}
Supervision of earthworks by geotechmcal engineer ..

IVIATETIALS TESHIME - o viccmmiansiveoiimamnesnsesues susemnsiokonssesanssinsstnsnmsnsnssionas s s iamins

...$12,000/a
...$8,000/a
.... $6,000/a

14.

Site roads

108

Initially one main site road 800m x 8m at $50/m?2
Maintenance ..

Annually site road construction: allow a contlngency 1 B S e

...$320,000
... $30,000/a
$40,000

Source: Shanks McEwen, UK.
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In Session 1, you attempted to calculate the amount of
hazardous waste in the Udanax City region that would
need to be landfilled (Category 1, 2 and 3 wastes)

Use the results of Session 1 as a basis for the
exercise below.

(Alternatively, go back to Table 5 in Part II, and
use the raw data presented there. However, this
Table shows what is presently happening—not
what you intend to happen in future).

Based on the list of wastes to be landfilled in Udanax City Metropolitan Area:

(a) Discuss whether to select co-disposal or mono-disposal methods for these wastes.
(In your discussion, take into account the volumes, the chemical characteristics after pre-treatment, the long-

term effects in the landfill, etc.)

(b) Select an appropriate landfill design for hazardous industrial waste in Udanax, and give the reasons for your

selection. Provide a sketch of your proposal.
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(c¢) Inorder to obtain a landfill construction permit, you have been asked by the Udanax City Council to prepare
a engineering report for the selected landfill method. Indicate what are the items you will incorporate in this
report, and prepare a detailed table of contents.

(d) The Udanax Save the Mother Earth movement campaigns against disposal of hazardous wastes by landfill
method. It claims that no landfill site can be ever totally safe and it is practically impossible to prevent
groundwater pollution. As a landfill design engineer, what arguments will you use to justify your project?
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Some of the Category 4 wastes which have been
identified in Udanax and which are normally
considered unsuitable for landfill are shown below:

* pesticide residues (inorganic: mercury, copper
fungicides)

* PCB equipment (from which PCBs have been
drained).

» surplus laboratory chemicals.

Currently there is no possibility for treatment or for
shipping back to the suppliers, and—although it is not

the best long-term option,—a special landfill
operation is currently being contemplated on a once-
off basis, under supervised conditions.

Although you are not completely in agreement with
this decision, you have been asked to advise on how to
make this operation as environmentally sound as
possible.

Recommend arrangements for pre-treatment
procedures, and the location and design of a special
disposal area.

(a) Predict the amount of leachate that will be produced in the proposed Blue Site. Assume a first stage of
operation of one hectare (100mx100m). The amount waste disposed at this site will be limited to 100,000
tonnes/year. Assume annual rainfall of 650mm and evapotranspiration of 350mm, and an absorptive
capacity of the wastes of 0.025m3/tonne.
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(b) Determine the thickness of a clay liner that must be placed in the bottom of this site if the flow rate of
seepage is to be limited to 0.05 gal/day/unit area. Assume that the water table is located at the bottom of the
landfill and the leachate level in the landfill above the clay liner is to be maintained at two feet by pumping.
The K value of the clay liner that is available is 0.02 gal/day/ft2.

(¢) The leachate composition from a co-disposal site situated at Granmo, Norway, was shown in Table 3.7.
Assuming that this will be typical of the leachate from the future Blue Site, propose a treatment method for
this leachate.
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In the space below, prepare a summary of your conclusions on the design and construction of a landfill site in
Udanax.

This summary will be included in the final Task Force report to the mayor of Udanax.
‘Work Group

Session Subject _

Main results and conclusions

Work Group Members

Return completed sheet to workshop co-ordinator for incorporation in the workshop report.

113



LANDFILL OF INDUSTRIAL H AZARDOUS WASTES

114









LANDFILL OF INDUSTRIAL H AZARDOUS WASTES

= —

Competent, safe operation is what distinguishes a
landfill facility from a dumpsite.

Careful operation can make up for some deficiencies
in siting or design. Conversely, careless site
management can turn even the best designed facility
into an environmental disaster.

Operational objectives include on-site safety as well
as wider ecological impact.

As landfill sites accept a range of wastes from a
multitude of operators, operational procedures must be
inherently cautious. The greatest possible safeguards
against waste “smuggling” must be taken, loads must
be regularly checked, and precautions must be taken
to avoid accidents.

All operations should be monitored so as to give the
manager adequate information about the performance
of the site.

The importance of record-keeping is frequently
underestimated. Only if good information is kept on
hand can the manager intervene when problems occur.

Record-keeping is often a condition of operating
licences, which are becoming increasingly demanding
as time goes on.

The exercises in this session include some common
operational considerations which are relevant to all
sites.
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BACKGROUND INFOR

Table 4.1:

Operational activities related to a landfill

Prior to landfill

* reception of wastes
» sampling and analysis

* segregation of wastes

* preparation of waste for landfill
(pre-treatment)

* temporary storage

identification of special and
incompatible wastes

record keeping

During landfill

« traffic movement (roads, safety)
¢ landfilling method—
(i) trench operation
(i)
(v)

¢ excavation

area fill operation
codisposal operation

* filling

compaction
s daily cover

intermediate cover

final cover

* vermin control

leachate control
monitoring
record keeping

nuisance mitigation (litter, odour,
vermin, dust)

surface water man agement

Post landfill

* site access (security)
* restoration

* leachate control

runoff control

monitoring

» record keeping

aftercare

gas control

Source: Compiled from various reference documents cited in Section Part .
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Table 4.2: Hazard identification

Major types of hazards one might encounter in hazardous waste landfill operation—

s Chemical exposure: airborne and skin exposure to dusts, gases, vapours or liquids, reactive compounds
* Fire and explosion: from liquids, gases and reactive wastes

* Oxygen deficiency: oxygen displacement by gases and vapours in enclosed spaces or low lying areas

« Jonisation radiation: from hospital and industrial wastes

* Biological hazards: from hospital and sanitation wastes, food and fibre processing, wildlife, parasites

* Physical safety hazards: machinery operation, restriction of movement or vision due to protective clothing,
uneven terrain, steep grades, sharp objects

* Electrical hazards: from transformers, power, lightning

* Noise: from compressors, machinery

* Temperature: heat stress and cold exposure

Table 4.3: Common landfill problems

Leachate: pollutants escape to contaminate surface or groundwater

Fires: due to self-ignition or mixing of incompatible substances; rupture of drums containing oxidising
substances

Dust: from wastes, or from dry soil surfaces
Odours: from wastes, or from wastes decomposing
Handling hazards: due to hazardous wastes being accepted. Also a problem if scavengers have access to the site

Vermin: rats, birds, flies and other vectors breeding, living or feeding on any food wastes brought onto sites and
spreading disease and nuisance to off-site areas

Litter and windblown rubbish: often a problem on access roads as well as the site itself
Visible intrusion
Noise

Runoff of dirty or polluted water

Uneven settling or consolidation due to soluble or putrescible wastes, or containers rupturing under pressure
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Table 4.4:  Contents of a typical site working plan

| 1. Introduction | 422  Background Monitoring
: 423  Monitoring and Non-Conforming
. 1.1 The Site Wastes
1.2 Waste Inputs 43  Access Roads
1.3 Plant and Staff 44  Traffic Movement

I 45  Cell Construction

|2 Site Assessment
46 Discharge of Waste from Vehicles

2.1  Geology 4.6.1 Train Face
2.2  Hydrogeology 4.6.2 Road-borne Waste Vehicles

2.2.1  Description and Permeability 47 Emplacement of Waste

2.2.2  Piezometric Head ‘ 48 Cover

2.2.3  Groundwater Quality and :

Monitoring 49 Disposal of Asbestos Wastes
2.3 Hydrology 4.10 Difficult and Special Wastes
4.10.1 Difficult Wastes
[3.  infrastructure | 4102  Special Wastes

3.1  Site Entrance 4.11  Secure Burial
32  Site Security 4.12 Disposal of Liquid Waste
33  Site Access 4.13 Final Refuse Level
34  Site Amenities and Office 4.14 Avoidance of Environmental Nuisance

34.1  Site Office 4141 Smell

343"  Chifeeg 4.142 Mud of Roads

. 4.143 Traffic Queuing
e 4144 Noise
3.6  Workshop and Stores 4145 Windbome Litter
3.7  Fuel Storage 4.14.6 Rodents and Insects
38 Lighting 4.14.7 Birds
4148 Dust

39  Signs and Directions
3.9.1 Directions

3.9.2  Safety and Warning I 5. Engineering Methods
3.10 Wheel Cleaning 51" “Totiodaction

;. :; ll:a.tl Terrnmal and Crane Gantry 52 Cell Design
: FPeng 53 "Pit Base and Side Seal Specifications

4.149 Visual Intrusion

3.13 Inventory of Plant and Equipment 531  tisodudtion
3.14 Site Services 5.3.2  Side Seals
3.14.1 Telephone 53.3 Base Seals
2:18.2, Hectiaty 54  Engineering Caps
3.143  Water 54.1 Design Criteria
3.144  Sewage 54.2  Methods of Construction and Testing
3.145 Services Inspection of Engineering Caps
3.15 Communications 55 Summary of Available Materials
3.16 Staff Training Policy 551 PBit
3.16.1 Introduction 5.5.2  Other Pits

3.16.2 Technically Competent Persons I Y . and Water M

[ 4. Operational Methods _ | 61 Iniroduction

4.1  Introduction 6.2 Water Management
42  Reception and Monitoring of Waste 6.2.1  Containment of Ground Water
42.1  Input Monitoring 6.2.2  Monitoring of Ground Water

6.2.3  Control of Surface Water

120



LANDFILL OF INDUSTRIAL H AZARDOUS WASTES

6.3  Leachate Collection

6.3.1  Permissible Exposed Surface Area of

Waste
6.3.2  Active Leachate Abstraction
6.3.3  Passive Leachate Collection
6.3.4  Monitoring of Leachate Levels

64  Leachate Treatment
6.4.1  Primary Treatment
6.4.2  Secondary Treatment
6.4.3  Final Treatment and Discharge
6.44  Monitoring of Leachate Treatment
6.4.5  Future Leachate Treatment Plans

7.1  Landfill Gas Extraction
7.1.2  Monitoring of Landfill Gas

7.2  Landfill Gas Utilisation
7.3  Future Landfill Gas Collection

74  Security, Safety & Monitoring of Gas
Compounds

10.4
10.5
10.6

10.7
10.8
10.9

Forward Planning Meeting
Operations Meetings

Quantitative Monitoring

10.6.1 Introduction

10.6.2 Gas Migration

10.6.3 Gas Quality and Quantity

10.6.4 Leachate Levels and Quality
10.6.5 Surface Water Quality and Quantity
10.6.6 Groundwater Levels and Quality
10.6.7 Stability

10.6.8 Settlement

Monitoring of Gas Compounds
Wildlife and Habitat Surveys
Aftercare Monitoring

10.10  Safety Inspections

10.11

Q.A. Compliance Audits

| 11. Operational Plan

Safety

8.1  Health and Safety Policy
8.2  Safety Procedures

83  Safety representative

84  Health Screening

[ 9. Landfill Restoration and Aftercare
9.1 Introduction
9.2  Restoration
9.2.1  Placement of the Agricultural Cap
9.22  Soil Improvement
93  Aftercare
. Environmental Monitoring and Inspection

10.1 Introduction
10.2 Internal Monitoring and Inspection
10.3 Overview Inspection

11.1

112

Current Phase of Operations (Pit 1)
11.1.1  Introduction

11.1.2  Filling Sequence

11.1.3  Access

11.1.4 Engineering Capping

11.1.5  Agricultural Capping

11.1.6 Control of Surface Water
11.1.7 Leachate Collection and Treatment
11.1.8 Gas Control

11.1.9  Current Engineering Works
11.1.10 Future Engineering Works

Phasing of Operations in Subsequent Pits
11.2.1 Introduction

11.2.2 Cell Sizes and Engineering

11.2.3 Description of Filling Sequence
11.24  Access

11.2.5 Capping

11.2.6 Surface Water Control

11.2.7 Leachate Control and Treatment
11.2.8 Gas Control and Utilisation

Source: Shanks McEwen, UK.
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Table 4.5: Emergencies at landfill operation

l * Worker related | | * Waste related I
— accidents — fire — release of vapour cloud
— chemical exposure — explosion — reaction
— protective equipment failure — leak — container failure

Table 4.6: A summary of landfill site monitoring

|+ Objectives | |+ Location of monitoring points |

establishing baseline data

detecting contamination

satisfying regulatory constraints

securing data for use in litigation

conducting research projects

improved understanding of landfill processes

Monitoring activities [

122

limit of exposure of toxic substances on
operating personnel

monitoring leachate (level and quality) and
gas (quality, migration and pressure)
measurement of hydrogeological parameters:
surface and groundwater quality, groundwater
flow, acidity, etc.

meteorological observation

morphology: extent and nature of soil erosion
processes

ground stability: changes of on seismic
nature, erosion processes, changes due to
settlement and to operation of the landfills,
verification by inspection of geophysical data,
loads and failure of lining, etc.

— minimum one upgradient well (leachate)
— minimum three downgradient wells (leachate)
— gas migration probes (perimeter, 100m

spacing)

Sample collection technique

— bail

— air lift

— vacuum

— centrifugal pump

Frequency of sample collection

Depends on:
— goal and level of monitoring programme
— specific characters of the site (soil/climate

estimated rate of travel of pollutants in a
given hydrogeological condition)
history of variability

* Parameters to be analysed

Depend on:

monitoring goals and levels
funding
waste composition

use of nearby groundwater and surface water
sources

regulatory requirements

Source: Udanax Engineering Consultants, Udanax.
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Table 4.7:  Site monitoring plans
Table 4.7a: Overall monitoring scheme
Monitor for Minimum By Record Primary review
frequency
Urgent and
amenity items
Public roads Cleanness Daily & as Foreman (etc) Site log District Manager
indicated by
conditions
Site entrance Cleanness; tidiness Daily Foreman Site log District Manager
Main access road | Cleanness Daily Foreman Site log District Manager
Wheelwash Effectiveness Daily Foreman Site log District Manager
Waste as tipped | Conformity Daily Foreman Site log District Manager &
technically competent
person
Working areas To procedures & work Daily Foreman Site log District Manager
instructions
Discharges - Each Foreman/Engineer | Site log District Manager
Complaints Cause Each Responsible per- | Complaints Complaints procedure
son/Engineer (etc) | book
Site inspections
[a] Amenity: As in [a] plus smells, wind Weekly & as District Manager/ | Site log Area Manager
whole site & blown, refuse, odour control, | indicated by Engineer or
environs measures conditions Landfill Manager
[b] Operations: To procedures & work Weekly District Manager/ | Site log Area Manager
working areas instructions; to licence; safety Engineer
Workshops Tidiness: safety Monthly District Manager/ | Site log Area Manager
Engineer
[c] Safety: whole | Safety 3-monthly; Safety Manager & | Action List; Managing Director
site yearly Risk Advisers Report
Quantitative (see Table 4.7b)
monitoring
Overview
inspection
Whole site & To Licence; to discharge; As required Overview Report Technical Director
environs consents; to Procedures & inspector
work instructions; safety;
amenity; operations; water;
management; gas etc.; VDA
reports; other records
Forward landfill
planning
Meeting All aspects Monthly Planning group Action list/ Technical Director
minutes/report
Formal visit All aspects Six-monthly Planning group Action list/ Technical Director
minutes/report
Other team visits | Any item as indicated by | Planning group Action list/ Technical Director
conditions minutes/report
Gas survey (see also Table 4.8b)
Site & environs | Gas migration Yearly Landfill Gas Report Technical Director
(incl. buildings) Manager
Aftercare All aspects Yearly Overview Report Technical Director
Inspector
(Aftercare)
Habitat survey | Any ecosystem As required Ecologist Report Technical Director
Fresh water; biotic index Yearly Ecologist Report Technical Director
Audit :
Internal audit All reports etc. As required As required Technical Director,
Managing Director or
Director of Planning &
Environment
Annual All aspects Yearly Consultant Audit reports | Director of Planning &
review/audit Environment &
Managing Director

Source: Shanks & McEwan, UK.
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Table 4.7b: Quantitative environmental monitoring scheme
Environmental :
Domain Parameter Frequency By Comment
1 Surface water
a Outside working area quality, volume | Half-yearly Environmental Monitoring Team
b Within working area quality, volume | Quarterly+ Environmental Monitoring Team
¢ Treatment system (part) quality, volume | Monthly+ Environmental Monitoring Team
d Recycling settling quality, volume | Quarterly Environmental Monitoring Team
wheelwash
2 Discharges
a Consented discharge
i] treatment system batch | quality, flow E + Weekly Site Engineer
ii] treatment system cont. quality, flow Monthly + as indicated | Site Engineer (+Environmental
by conditions Monitoring Team)
iii] wheelwash quality Quarterly + Environmental Monitoring Team
b Receiving watercourse
i] upstream quality Quarterly + as Environmental Monitoring Team
indicated by conditions
ii] downstream quality As indicated by Environmental Monitoring Team
conditions
¢ Run-off from cap etc. quality, route As indicated by Site Engineer (+Environmental
conditions Monitoring Team)
d Watercourse downstream | quality Quarterly + as Environmental Monitoring Team
indicated by conditions
3 Refuse water (leachate)
a Within fill
i] selected gas wells level, quality Quarterly Environmental Monitoring Team
ii] standpipes level, (quality) Quarterly + as Environmental Monitoring Team
indicated by conditions
b Lagooned
i] static volume, quality | Weekly Site Engineer consider route
ii] for treatment volume, quality | Weekly Site Engineer} {needs frequent
iii] for reabsorption volume, (quality) | Monthly + Site Engineer} {review
¢ Uncontrolled flow, route, Weekly + Site Engineer control
quality
4 Groundwater
a Piezometers head, quality Monthly Environmental Monitoring Team
b  On-site standpipes head, (quality) Quarterly Environmental Monitoring Team
¢ Perimeter standpipes head, quality Quarterly + Environmental Monitoring Team
d Off-site: aquifers quality, head Half-yearly Environmental Monitoring Team | plus hydrologist
5 Gas migration i
a Migration probes CHy4,CO; + Monthly Environmental Monitoring Team
other gases
b Perimeter standpipes CHy4,CO5 + Quarterly + Environmental Monitoring Team
other gases
Notes: extracted gas quality is monitored under the gas control system.
Volumetric
Parameter Source Frequency By
6 Volume input
a Input tonnages from tipping summary Monthly District Manager or responsible person
b Volume estimation from input tonnages Monthly responsible person
7 Void take-up (VIU) by volumetric survey Half-yearly Surveyor
8 Settlement by survey Half-yearly Surveyor

1 Adjacent watercourse position to pick up any potential pollution.

124
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Table 4.8a: Landfill site supervision

Normal inspection
Objective Frequent check on normal operation
Points to consider * visit each site at least once a day
» always observe at first hand what is going on
+ check if the prescribed procedures are being adopted
« observe and be informed of actual or potential problems; take necessary action
¢ during the visit wear appropriate safety footwear and clothing
+ make some visits at irregular times

* let yourpresence (authority) be seen

Extended Inspection
Obijective Less frequent, but thorough check on all facilities
Points to consider + weekly or fortnightly visit as circumstances demand
+ allow sufficient time to carry out the inspection properly
* prepare in advance a check list
« take action on any thing below standard
» keep copies of check list for reference and ensure previous shortcomings have been
corrected
* maintain a proper record of all visits

* try to find solution for problems which often re-occur
Source: Basic Landfill Management, Institute of Waste Management publication N° 11, J.D.A. Chivers, June, 1982.

Table 4.8b: Emergency response plan

Personnel | « identification * responsibility
* training ¢ communication
Site * maps * security and control
* evacuations routes * decontamination stations
« engineered control _
Medical/First Aid Equipment Emergency response support
Emergency procedures and Reporting
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Table 4.9:  Site inspection frequency

Type of facility Number of inspections
per month

Landfills/transfer station taking non-biodegradable wastes 2
Household & commercial waste landfills/transfer station 4
Industrial waste transfer station 4
Industrial waste landfill 4
Industry waste landfill (factory curtilage) 1
Multi-disposal landfill site taking non-special waste 4
Co-disposal landfill site taking difficult and special waste 8
Treatment plant 4
Household waste and merchant incinerators 4
In-house storage facilities 0.25
Household waste amenity sites 4
Scrapyards 1

These are minimum recommended figures, and the frequency of inspection should increase when the facility is not
(or is in danger of not) operating to the required standards.

Source: Her Majesty’s Inspectorate of Pollution, Waste Management Paper N° 4,
The Licensing of Waste Facilities, London, 1976.

Table 4.10: Environmental controls

Environmental problems
Spillage Sil;agon Mud Dust Vectors | Odours Noise | Aesthetics | Safety
erosion
Safety programme X
Maintain washrooms for X X X X X X X
personnel
Training of new personnel X X X X X X X X X
Maintain road markings and X X X X X
trench barriers
Maintain fencing X X X X
Apply insecticide X X X X X X
Maintain buffer areas and grass X X X X X X X X X
Proper equipment maintenance X X X X
Spray water/oil/liquid/asphalt X X X
Truck wash pad (to clean X X X X
trucks)
Maintain grass waterways, X X
diversion ditches, rip-rap
Final grading of disturbed X X X X X
areas
Chemical masking agent X
Workers supplied with aerators X X X
Cover solid waste daily X X X X
Water diverted away from site X X

Source: us ErA—Solid Waste Landfill Design and Operation Practices, 1981
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Table 4.11: Personnel requirement for an industrial waste landfill operation and their responsibilities

(FediandPurie | SAFETY fens i -
AT S D ATA Issue 1

SafEty Manual Date  June 1991

Subject ‘Standard Operating Procedure (SOP) for Industrial Waste at Pitsea

Appendix A

Site personnel involved in the operation of this S.O.P. are as shown below with a description of their areas of
responsibility, function and duties.

1 Industrial Waste Manager
Responsible to the Site Manager for industrial waste operations on the site. He is responsible for—
[a] The allocation of land to the various disposal areas.

[b] The administration of the Pitsea Disposal Application Procedure (Form F), also checking the WS
classification of material and that the disposal method and area are appropriate.

[c] Monitoring the disposal area.
[d] Ensuring that the emergency procedures are effective.
[e] The condition and availability of all equipment in his functional area.
[f]l  The control of emergency incidents.
[g] Assisting in the training of his staff in their duties.
2 Site Chemist

Responsible to the Industrial Waste Manager, providing technical assistance for industrial waste operations
on the site. He is also responsible for—

[a] Assisting the LW.M with 1.[a], [b], [e], [f] and [g] above.

[b] Sampling and on-site testing of waste.

[c] Technical supervision of waste deposits where necessary.

[d] Inspecting all drums prior to deposit, venting and emptying them where necessary.

3 Industrial Waste Supervisor

Responsible to the Industrial Waste Manager for the operation of the Industrial Waste Reception Areas, the
Common Reception sumps, oversite pumping, together with contract and direction of operatives and plant
within the waste disposal function. He is also responsible for—

[a] Upkeep and execution of works in established disposal area.

[b] Daily and short term planning within the IW function.

[c] Ensuring plant and equipment under his control is maintained in good condition.
[d] Maintenance of efficient documentation and records.

[e] Direction of disposal vehicle drivers.

4 Site Reception Clerk _
Responsible to the Industrial Waste Manager for the checking and recording facilities at the gatehouse.
[a] Checks documentation of vehicles as they arrive at the gatehouse.
[b] Records the loads and times of arrival of these vehicles.
[c] Authorises the vehicles to proceed to the IWRA.
[d] Sample checks that vehicle is displaying Tremcard and Hazchem information as per Form F.
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Communications Clerk

Responsible to Industrial Waste Manager for checking and recording facilities at the Communications
Office at Waste Reception Area, and maintaining radio contact with the relevant marshal. He—

[a] Checks documentation of vehicles as they arrive at the IWRA.
[b] Records the time of arrival and departure of these vehicles.

[c] Ensures that the driver has the correct safety equipment and liaises with the Site Chemist or Industrial
Waste Supervisor to ensure any special facilities are available where required by Form F.

[d] Logs the movement of these vehicles, where necessary using radio contact.

Industrial Waste Reception Area Marshal (Area 1)

Responsible to the Industrial Waste Supervisor for traffic and discharge control in the above area. He—
[a] Receives vehicles into his area.

[b] Stops the discharge of any load in the event of an unexpected or vigorous reaction.

[c] Is competent to handle the emergency equipment.

[d] Is responsible for all safety equipment in his area and the daily rechecking of the Site Ambulance.
[e] Makes daily inspection of oversite pipeline from IWRA to Common Reception excavations.

[fl Maintains equipment and good housekeeping within the area.

Separate Excavation Area Marshal (Areas 5B, 5C, 6 and 7)

Responsible to the Industrial Waste Supervisor for traffic and discharge control. He in particular—
[a] Accompanies or receives vehicles into his area.

[b] Checks documentation and directs vehicles to excavations reserved for the load category.
[c] Supervises the unloading of the vehicles.

[d] Initials the driver’s copy of the Form F on completion of discharge.

[e] Stops the discharge of any load in the event of an unexpected or vigorous reaction.

[f] ~ Maintains radio contact with the Industrial Waste Supervisor or CC.

[g] Is competent to handle the emergency equipment.

[h]  Checks the excavations are not over-filled.

[i]  Ensures that backfilling operations are carried out.

[j1 Is responsible for all emergency and safety equipment in his area.

Non-Compatible Liquid Waste Disposal Area Marshal (Areas 2 and 3)

Responsible to the Industrial Waste Supervisor for traffic and discharge control in the above areas. He—
[a] Accompanies or receives the vehicle into his area.

[b] Checks documentation and directs the vehicle load to the appropriate area excavation.

[c] Supervises the unloading of the vehicles.

[d] Initials the driver’s copy of the Form F on completion of the discharge.

[e] Is competent to handle the emergency equipment.

Notifiable Dry Industrial Waste Area Marshal (Area 4)

Responsible to the Industrial Waste Supervisor for traffic and discharge control in the above area. He—
[a] Receives the vehicle into his area.

[b]  Supervises the unloading of the vehicle.

[c] Operates the bulldozer on the disposal face.

[d] Ensures that deposited materials are covered in accordance with Site Licence requirements.

[e] Receives, supervises and directs vehicles containing domestic refuse, roadborne trade waste and inert
cover material.

[f] Isresponsible for and is competent to handle the emergency equipment in his area.

Source: Control, Inspection and Surveillance of Landfill Waste Disposal Sites,
one day Seminar, Kensington, UK, May, 1982.
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Note on Hazardous Waste Landfilling Procedures

In addition to controlling the wastes coming in to the
site, correct procedures must be used in actually
placing the waste in its intended location.

Only compatible wastes are placed together (see Table
1-4, for example). The various locations for placement
of wastes must be clearly defined for the operator.

Waste is deposited in a grid system, in defined layers.

Cell sizes for wastes depend on the nature of the waste
and its packaging. Bulk waste can be spread in layers
up to 1m thick before covering. In mono-landfills the
layers may be much thicker.

Encapsulated wastes are placed in their containers,
and subsequently inert material is filled in the spaces
between containers. Special lifting machinery may be
needed. '
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Opposite are some Udanax wastes chosen at random
from Table 5, Udanax Country Report.

Indicate which wastes should not be landfilled in their
current form.

What operational procedures could be used to safely
landfill these wastes, and what pretreatment should be
used prior to landfill?

@®
(i)
(iii)
)
)
(vi)

dust/slag from foundries

solvent sludges (semi-solid in drums)
lime sludges containing heavy metals
soil contaminated with refinery tars
asbestos from buildings

pesticide containers
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(@) Ar the Western dumpsite: recommend measures that can be introduced quickly and cheaply by the city
authority to identify the quantity and the types of hazardous wastes currently coming to the site. Who should
undertake this?

(b) A future new industrial landfill site: recommend measures for comprehensive checking and monitoring of
incoming hazardous wastes. How many personnel and what equipment is needed?
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(@)  As the general manager of the disposal company (you are located in another town, 200 km away), how will
you assure yourself that your staff are operating the site properly?

(b) As a responsible waste generator in Udanax who wants to avoid adverse publicity or later repercussions
from the authorities, how do you assure yourself that the landfill site you are now using is (or is not)
[i] properly managed, [ii] not likely to result in pollution?

(@) A transporter has knowingly brought in prohibited waste into your licensed landfill facility. What will you
do? Explain.

(b) The Udanax City authorities approach you to accept 2000m3 of contaminated soil and debris from a recent
chemical warehouse fire in the harbour area. At the time over 60 different chemicals were stored there. No
comprehensive analysis for residues is currently possible in exiting laboratories in Udanax. Will you accept
this waste for landfilling?

If yes, what precautions will you have to take?

If no, what should the city authorities do with the soil and debris?
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Prepare a list of points a landfill operator should include in an information bulletin for his clients who bring
potentially hazardous waste onto the site for disposal.

(a) To transporter

For example—

L All vehicles must be clearly identified with a hazard warning label, as appropriate.
All vehicles must be in a sound, safe condition.

Documentation describing the waste load must be carried in the vehicle.

Now continue ... '

b

(b) To waste producer

For example—

1.  The hazardous nature of the waste must be identified to the driver and to the landfill operator.

2. Landfill operator must be informed a minimum of 24 hours in advance about disposal of wastes.
3. Now continue ... :




LANDFILL OF INDUSTRIAL H AZARDOUS WASTES i
= — ———— —— —

Some of the operational activities are listed here—
* fencing the dumpsite

Assume that the Western Dumpsite in Udanax City

will be upgraded as an interim measure to allow =

disposal of some hazardous wastes. * controlled access to the dumpsite

* lining one section of the dumpsite to accept
hazardous wastes

In such circumstances, discuss the new operational
activities to be carried out in the dumpsite. ;
Indicate other possible operational activities below.

Propose a set of fees to be charged by the management for disposal of industrial waste at the upgraded Western
dumpsite. Explain your proposal.
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___SESSION REPOR

In the space below, prepare a summary of your conclusions on the operational procedures to be adopted in Udanax.

This summary will be included in the final Task Force report to the mayor of Udanax.

Work Group
Session Subject

Main results and conclusions

Work Group Members

Return completed sheet to workshop co-ordinator for incorporation in the workshop report.
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It is unlikely that the correct choice of site, good
engineering design, and careful operation would
always occur if they were not demanded by
regulation.

Regulations may take the form of general standards
for landfill siting and management, or as site licences.

In many countries both methods apply simultaneously.

Regulations are ineffective unless they are adequately
enforced. Enforcement relies on monitoring.

In the end, a comprehensive administrative capability
is needed to exercise the necessary control over all
aspects of landfill operations.

The question of public involvement in regulatory
affairs has become more important in recent years.

Public acceptance of landfills is generally low, and
there is widespread mistrust of operators and of
control agencies.

Regulatory and enforcement activities, as well as the
operator, now need to have a high level of
transparency if they are to retain public confidence.

The exercises here simulate a number of the
regulatory considerations commonly faced by
administrators and operators.



LANDFILL OF INDUSTRIAL H AZARDOUS WASTES
= — == =

Table 5.1:° Option menu for hazardous waste legislation
Purpose and scope
¢ Public health * Raise funds * Pollution prevention
* Empower a corporation *  Workplace safety ¢ Co-ordinate agencies
» Control operations ' Establish liabilities
Type

Framework law (enabling legislation)
Subordinate law
Primary laws on hazardous waste

Waste provisions in other laws

*  Subordinate regulations

*  Schedules

* Complementary laws on hazardous waste

Application

* Waste handling Waste information Chemical use

* Definitions Waste generation Assessments/studies

* Storage Research Transport

* Measurements Treatment/recycling Training

* Disposal Dumping Clean-up
Instruments

* Notification Standards Certification

¢ Guidelines/codes/policies Labelling Monitoring

* Orders to act/not to act Release of information Bans

* Assistance measures Licensing/permitting Fiscal measures
Fiscal measures
* Fees and charges Compensations Fines
* Tax concessions Subsidies Levies
Powers
* Obligations Giving directions/orders Responsibilities
* Right of refusal Offences Right to know
* Authorisations/delegations Right to secrecy
Enforcement

Which agencies

*  Extent of proof

Possible conflict of interest (self-licensing of agencies)

Note: This list is not exhaustive
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Table 5.2:  Support services for hazardous waste management

I Codes of practice; standards; guidelines —I I Extension and advisory services |
* site design, equipment design * advice on waste treatment and disposal methods
_* site operation * interpretation of environmental monitoring
* waste handling information
+ waste sampling and analysis * access to technical literature and information
Technical services and research netOrk
| S . - I * public education and information
* laboratory facilities to provide information on waste o _
composition and environmental contamination I Management services ]
* environmental investigation of site problems * co-ordination of‘the: waste exchange services
* plant feasibility assessment, design and construction * conduct of a periodic census of waste quantities
* emergency response and accident clean-up * initiation and co-ordination of collection and
* site rehabilitation storage of miscellaneous wastes
« research into lmpro\red recycllng and treatment = ?acilitation of interstate or international arrangement
methods or waste treatment
| Training I » facilitation of co-operative disposal and other
' { Gevaibynd it bandiing aud rting of e
» personnel involved in handling and transporting o M
wastes, and operating facilities l onitoring
« surveillance and enforcement staff * ambient environmental monitoring around waste
* emergency response Crews disposal facilities and elsewhere (groundwater,
* waste managers, supervisors, senior government surftace waes ?ltic-) " e
staff, consultants * waste composition and quantities
» future professional engineers and scientists * Wwaste transport operations

+ waste treated and disposed of
» potential for recycling, waste reduction and
reclamation

Source: Compiled from various reference documents cited in Part /.

Table 5.3: Disposal and treatfnent cost estimation
'Hazardous waste management costs consist of—

* avoidance cost * abatement cost e damage cost

¢ compensation cost *  transaction cost
'Economic incentives—

* government grants » subsidies * tax reduction

» incentives for waste reduction/avoidance e deposit refund programme

* incentives for waste recovery and reuse (oils, batteries etc.)

¢ low permit fees for recycling facilities
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Figure 5.1: Example of a transport certificate !

ENVIRONMENT PROTECTION AUTHORITY
CERTIFICATE FOR THE TRANSPORT AND DISPOSAL OF WASTES
PLEASE COMPLETE IN BLOCK LETTERS

Part ‘A’ - to be completed by Waste Producer

Name of Producer Quantity

5 N5 5 OO Y T D I G O ms

Postcode Telephone No Waste Code No S S, kgl

1 015 1 0 B o
Waste Type Intended Disposal Route

(p!ace"x’ in appropriate squares) D solid L‘lqug‘; D et D ) D Qi EI ‘s
D mm [:l flammable D comosive D odorous |:| ﬁ{m D infectious D Immobilisation D '?m D Others

Description of Waste including identification of hazardous components NTmlmted Dl.'i}:;?:tazlj Site
T 1 O 5 1 5 O st

1 ) O O P

Further Comments: Refer to E.PA. for lst of current fucilties
Si@ature of Waste Producer Signature of Driver

Part ‘B’ — to be completed by Transporter

Name of Transporter Vehicle Reg. No.

' Loading Date EEEI:I:I
TransportPermitNo [ | [ [ [ [ [ [ N | | LI N [ Nulol [ |

Part ‘C’ — to be completed by Disposal/Treatment Site Attendant

Name of Disposal/Treatment Site Site Licence No

LIIN T Nalof [
Deposit Date
HENEENAEN Signature of Site Attendant

Source: Australian Environment Protection Authority, Draft Industrial Waste Strategy for Victoria, Melbourne, 1985.

1 Such a certificate is commonly used in the form of multiple copies, as shown in Figure 5.2.
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Figure 5.2: Transport control

T

Waste Producer

Certificate 1 Forwarded to the EPA by the Waste Producer
Certificate 2 Retained by the Waste Producer

Certificate 3 Forwarded to the EPA by the Site Attendant
Certificate 4 Retained by the Disposal Site Attendant
Certificate 5 Retained by the Waste Transporter

Table 5.4: Licensing elements for ha'zardous waste landfill sites

I The site I * personnel training
¢ who is responsible in case of non-compliance?

= geological requirements

* planning constraints I Reporting and monitoring |
*_zoning for subsequent use * person designated responsible for submitting reports
l The waste l = ambient environmental monitoring and reporting

« permitted and prohibited wastes + sampling and recording of waste

* waste transport certificate * reporting of site operation and accidents

 annual report of operation
| Plant design | - recycling potential of accepted wastes
» suitability of the plant for its purpose _
* correct design parameters |§u° rehabilitation I
 design evaluation (performance, hazard) [ Fi ial bond or liability ins ]
* licensee to be a “fit and proper” person I Progressive rehabilitation ' |
« care and responsible operation etai itori
* operators to be duly qualified ren : I5; ongoing ng J
* details of operation | Cancellation of licence

* on-site technical expertise

Adapted from: Australian Environmental Protection Authority,
Draft Industrial Waste Strategy for Victoria, Melbourne, 1985.
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Table 5.5:

Example of landfill licence conditions

The following example licence conditions show how some of the operational criteria and standards discussed in
the text may be translated into reasonable conditions. The figures in [ ] refer to site specific conditions.

It cannot be stressed too strongly that these example conditions are provided for the purposes of
illustration only. It cannot be assumed that any of them would apply to an existing, or proposed, waste
facility. They are written in such a way that they require appropriate modification before incorporation
into a licence.

B.10 Example Licence Condition for site entrance to waste treatment facility taking some

5,000 TPA of liquid industrial wastes

The layout of the site entrance shall be as set out in Drawing No [ ] of the Working Plan. In constructing
the site entrance, the following standards shall be met:

a)

b)

©)

The road leading from the highway to the site entrance shall not be less than [ ] wide and surfaced
with [ ]. Potholes which develop shall be filled with [ ] and resurfaced. The condition of the road will
be inspected daily by the site foreman.

No water shall be allowed to pond on the surface of the road and accordingly drains of not less than
[ ] diameter and with inlets at [ ] metre intervals shall be constructed on either side of the road. Each
inlet shall be screened to prevent ingress of leaves or other solid debris. The inlets shall be inspected
daily and kept free of debris.

The gates at the site entrance shall be [ ] metres high and surmounted by a device designed to
prevent unauthorised entry. The gates shall be constructed of mesh steel with a maximum mesh gap
of [ ]. Gates will be securely locked during periods when the site is not in operation. All damage to
the gates which impairs their effectiveness will be repaired as soon as practicable and if this cannot
be accomplished by the end of the working day the operator shall provide security personnel to guard
the entrance whilst the site is closed.

B.2

Example Licence Condition on maintenance of a site road at a landfill site taking
household and similar wastes

L.

The road from the site entrance to the reception office, as defined in Drawing No [ ] of this licence,
shall be kept in good repair such that any crack or pothole shall be repaired within [ ] working days.
A repair shall consist of the crack or pothole being filled with appropriately sized hardcore and
compacted. The surface of the repair shall be finished flush to the surface of the road with [ ].

The site road shall be kept free of mud or other debris, at least to the extent necessary to prevent
fouling of the public highway and shall be swept by mechanical sweeper as required. All drains and
inlets shall be kept free from mud and inspected [ ].

Example Licence Condition for the inspection of special wastes at a treatment plant

144

2.

All vehicles containing wastes listed in condition [ ] of this licence shall proceed directly to the
parking area adjacent to the control room marked [A] on Drawing No [ ].

Special wastes must be accompanied by an analysis or description of relevant parameters prepared
by the producer and the site chemist shall certify, by countersigning the document, that the wastes
conform to those permitted by this licence to be deposited. Accordingly confirmatory analyses of
[pH, acidity and flash point] will be undertaken for these wastes.

Vehicles carrying wastes shall be permitted to proceed from the parking area to the disposal area
only when the site chemist has confirmed as above that the wastes conform to those permitted by this
licence.

Copies of all signed documents shall be kept in chronological order and made available at all
reasonable times for inspection by any authorised officer of the WDA.
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Example Licence Condition specifying manning and equipment levels at a transfer
station taking mixed waste of more than 25,000 PTA

1.

The site shall be manned at all times by at least [ ] operatives when it is open for the reception of
wastes. One operative shall man the waste reception office and be responsible for record keeping.

The site shall be equipped with at least [one mechanical shovel] to move wastes deposited on the
floor to the appropriate storage area. The operative supervising vehicle movements shall be
responsible for ensuring that wastes deposited on the floor conform to the requirements of this
licence. Wastes found not to conform shall be dealt with strictly in accordance with condition [ ] of
this licence.

In the event of a breakdown of the mechanical shovel and no replacement being available within [ ]
hours the facility shall cease accepting wastes. The date and time of any breakdowns shall be
recorded above the signature of the site manager. These records shall be kept on site and made
available to any authorised officer of the WDA.

Example Licence Condition regulatlng the input of homhold waste into a mﬂ!ﬂ
disposal landfill

1.

No waste shall be accepted until a stockpile of suitable cover material (earth, clcan builders rubble
and construction debris; sand and similar non-reactive wastes) of at least [ ] m3 has been formed.
Thereafter no wastes shall be accepted on site if this stockpile of cover at the beginning of the
working day has fallen to less than [ ] m3

The maximum quantities of household waste accepted during the working day shall not exceed [ ]
loads. For the purposes of this condition all vehicles discharging wastes of whatever size shall count
towards this total.

A record, as specified in condition [ ], shall be kept of all vehicles entering the site. These records
will be kept at the site office [Block A in Drawing A] and shall be made available for inspection
during working hours to any authorised officer of the WDA.

BS

‘Example Licence Condition regulating waste types andamount: entaﬂng a co-dlsposa!
landfill which can accept difficult and special wastes

i

The following wastes may be deposited (subject to 2—-6 below):

a) Household and commercial wastes as defined in Section 30 of the Control of Pollution Act, 1974
and in Schedules 1 and 4 of the Collection and Disposal of Waste Regulations 1988;

b) Industrial wastes as defined in Section 30 of the Control of Pollution Act, 1974 and in Schedule
3 of the Collection and Disposal of Wastes Regulations 1988.

No difficult or special waste, other than those listed below, shall be accepted:
a) The following materials whose physical properties require special care in handling

b) Waste containing up to [ ] by weight total non-alkyl mercury or [ ] by weight alkyl mercury up
to a maximum of [ ] per day and [ ] per calendar month of mercury;

¢) Waste contaminated with cyanide not exceeding [ ] cyanide up to a maximum of [ ] per day and
[ ] tonne per calendar month of cyanide;

d) Arsenic, antimony and selenium contaminated wastes where the maximum concentration of each
element does not exceed [ ] by weight. The total quantity of elemental arsenic, antimony and
selenium deposited shall not exceed [ ] per day and [ ] per calendar month. The total quantity of
non-elemental arsenic, selenium and antimony deposited shall not exceed [ ] per day, and [ ] per
calendar month.

The maximum quantities of waste types specified in 2(b), (c) and (d) above which may be deposited
at the site shall not exceed [ ] tonnes per month ([ ] tonnes per day) as measured by a weighbridge.

The site may only accept wastes in categories 3(b), (c) and (d) above provided that in the previous
three calendar months the amount of wastes specified in 1 above exceeded [ ] tonnes.
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5.

All consignments of waste types specified in 3(b), (c) and (d) above shall be accompanied by a
description of relevant parameters, which must be certified before the waste is deposited (see
condition [ ]).

All difficult and special wastes shall be accompanied by a relevant description of appropriate
parameters, which must be checked before the waste is deposited (see condition [ ]). They shall also
be accompanied by a weighbridge ticket or be weighed before acceptance on site (see condition [D.

B.7 Example Condition covering the installation of a clay liner at a landfill site where the

lining is to be completed fully before wastes are deposited

L.

2.

The base and sides of the site shall be lined with a minimum of [ ] metre of clay as specified in
Drawing [A] and the working plan.

Representative samples of the material used in the liner shall be tested in an approved soils
laboratory to ensure it is capable of being compacted to achieve a permeability of not more than [ ].
Samples shall be taken at [ ] intervals on a regular grid.

The method of soil testing shall be in accordance with the following schedule:
The density/moisture content relationship of the material shall be determined in accordance with
B.S. 1377 Tests 12 and 13. The appropriate size of hammer shall be selected to reflect the actual
compaction equipment it is proposed to use on site. Where there is any uncertainty regarding the
type of plant both tests are to be carried out.

The permeability of the re-compacted sample shall be measured for each moisture content increment
of the compaction test. This will involve at least [ ] permeability values being obtained from each
sample. When testing the re-compacted clay the permeability shall be measured directly by the
falling head method, using the B.S. compaction mould.

The natural moisture content and Atterberg Limits (Liquid Limit and Plastic Limit) of each sample
shall be measured in accordance with-B.S. 1377: Tests 1, 2 and 3 respectively. The Particle Size
Distribution, and in particular the clay contents, shall be determined by B.S. 1377 Test 7.

Where in-situ material is to be used to contain leachate or to form part of the seal it shall be tested to
establish that it has a permeability of not more than []. In the case of soils, permeability
measurements shall be carried out either in the field using variable head or constant head tests in
accordance with B.S. 5930, Section 21.4, or in the laboratory by the falling head method. The
thickness of the in-situ material shall be measured to establish:

1) If sufficient material is present to meet the requirements, or,

2) The additional thickness of material required.

The minimum thickness of clay liners shall be [ ] metres. The minimum thickness of final caps shall
be [ ] metres. The thickness shall be measured normal to the surface of the seal at the point of test.
The material shall be placed in a series of thin layers and repeatedly tracked using the agreed
compaction equipment. The maximum thickness of each layer will be [ ] and the minimum number
of passes will be [ ].

The following unsuitable materials will be excluded from the liner:

1) Materials from swamps, marshes and bogs,

2) Peat, log stumps and perishable material,

3) Material susceptible to spontaneous combustion,

4) Material in a frozen condition,

5) Industrial, commercial or household waste,

6) Rocks, concrete or boulders having a volume greater than 0.05 cubic metres.

Example Licence Condition regulating the deposit of special wastes at a multi- or co-
disposal landfiil
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If

The location of all special wastes shall be recorded on a drawing of the site in accord with the
requirements of the Control of Pollution (Special Waste) Regulations 1980.
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2. The location of all deposits of special wastes shall be identified by reference to site posts located at
[ ] metre intervals around the perimeter of the site and located on a [ ] scale plan of the site. This
drawing shall be divided into [ ] metre squares and the location of each deposit shall be marked on
the drawing as falling into one of these squares.

3. The site shall be surveyed every [ ] months and a new plan at [ ] scale prepared to take account of
changes due to infilling. This drawing shall also be divided into [ ] metre squares.

4. A copy of the superseded drawing shall be retained at the site office and a copy forwarded to the
WDA within [ ] working days of the new drawing being prepared.

B9 Example Condition regulating input of a liquid waste into a treatment plant

1. The total amount of wastes on-site shall not exceed the storage capacity of the site which is [ ]
million litres in tanks A to C and [ ] million litres in drum stores R through to Z as specified in
Drawing A.

2. All liquid wastes entering the site shall be accompanied by a description of relevant parameters
provided by the waste producer. No waste shall be accepted for treatment unless an appropriately
qualified person has certified that the description of the wastes conform to that previously approved
for receipt.

3. All wastes not conforming to the specification set out in Condition [ ] shall, if possible, be held on
the vehicle at Area P as shown in Drawing A of the working plan. The maximum time a non-
permitted waste may be stored on site shall not exceed [ ] days and the WDA shall be informed
within one hour of all cases where non-permitted wastes have to be stored or turned away. In the
latter case information on the vehicle registration number, driver’s name, producer’s name and
destination of waste shall be given.

4. A record of the description of the relevant parameters of all wastes received for treatment shall be
maintained at the site office and made available on demand to any authorised officer of the WDA.

B.10 Example Condition covering storage of wastes at a transfer station

The following wastes shall be stored at the locations specified below as shown in Drawing A.

Construction and demolition rubble, Bay A

road chippings and hardcore

Asbestos Lockable skip of [ ] metres capacity
located in Bay B

Decontaminated empty containers of Up to a maximum of [ ] in Bay C

less than 50 litres capacity
Commercial waste Bay D

Before any wastes are deposited in Bays A and D a line [ ] metres above ground level shall be painted on
the sides and walls of the bay. Wastes shall not be stored above that line and the front face of the wastes
shall be laid at such an angle that there is no likelihood of the wastes flowing out beyond the bay.

Source: Her Majesty’s Inspectorate of Pollution, Waste Management Paper No. 4,
The Licensing of Waste Facilities, London, 1976, amended 1988.
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Table 5.6:  Typical data collection check list for issuing licence

1.0
20
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4:0

50

6.0

7.0

8.0
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Source: Control Inspection Surveillance of Landfill Waste Disposal Sites, One day seminar report,
Kensington, 14 May, 1982, UK.
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Table 5.7:  Parameters for hazardous waste laboratory analysis 2

Physical factors
* appearance/physical nature ~ * odour * colour * temperature
* viscosity - mobility * water content * settleable matter
Physico-chemical and biological factors
* pH + COD « BOD * calorific value
+ flash point/flammability * ash content ¢ chloride * nitrogen
* phosphorous * pathogenic organisms < sulphide * organic carbon
Potentially important chemical components
* acidity « alkalinity * heavy metal content  * phenols
* oil & grease * cyanide * chromium/chromate  * boron
* mercury ¢ arsenic e coal tar * halogens
* chlorinated and other biocides <+ PCBs * polyaromatic hydrocarbons

Table 5.8:  Monitoring to be carried out at landfills taking biodegradable wastes
Leachate, surface and groundwater

Monthly Levels in monitoring wells and volumes discharged; pH; Chloride
Bi-annually COD; BOD; Total organic carbon; Conductivity

Landfill gas
Weekly Methane/carbon dioxide concentration at vents and boreholes
Monthly Gas pressure and barometric pressure

Others

Weekly Vegetation die-back and vermin presence
Annually Void utilisation; Settlement

Source: Her Majesty’s Inspectorate of Pollution, Waste Management Paper No. 4,
The Licensing of Waste Facilities, London, 1976, revised 1988.

Table 5.9:  Basic landfill site laboratory equipment

Equipment Parameter
1. Sampling devices for liquid/sludge wastes
2.  pH papers or pH meter pH
3. Titration equipment acid/alkali strength
4. Adsorbent paper and matches flammability
5.  Glassware appearance
6.  Droppler bottles of selected reagents reactivity
7.  Bellows and a selection of gas detection tubes volatility and gas type
8.  Filtration equipment
9.  Hydrometer specific gravity

Source: Safe Disposal of Hazardous Wastes: The Special Needs and Problems of Developing Countries,
World Bank/WHO/UNEP, 1989.

2 Actual parameters will depend on the site, and especially on the types of wastes accepted at the site.
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(a)

(b)

(c)

(d)

A new operator takes over the management of the Western Dumpsite, and you are reviewing the permit.
What permit conditions or other requirements would you place on the contractor to ensure better
management of the site?

How would you enforce these conditions with the present staff available?

What conditions would you place on the operation of a new landfill site (Blue or Green)? (Consider design
operation, waste acceptance, and closure issues as minimum).

e

You are granting a contract to a local transport company to collect waste from Industrial Estate A. What

conditions will you place on the contract?
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(e) How do you intend to see that the conditions are complied with?

(® What will you do if the contractor does not comply with the conditions?

(a) At the Western dumpsite: recommend measures that can be introduced quickly and cheaply by the city
authority to identify the quantity and the types of hazardous wastes currently coming to the site. Who should
undertake this?

(b) A future new industrial landfill site: reccommend measures for comprehensive checking and monitoring of
incoming hazardous wastes. How many personnel and equipment is needed?
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(@)  As the soon to be appointed Director of Udanax City Hazardous Waste Management Programme, you have
been asked to propose a system of government charges to be imposed on landfilled wastes. Explain which
method of fees calculation you will adopt:

Option 1:  Single price for all wastes based on a weight or volume basis

Option2:  Incorporate a “degree of hazard” approach, i.c., fees based on a graduated scale in terms of
hazard

Option 3: A combination of above two methods

Option4:  Based on cost recovery of government inspection and monitoring
Option 5:  Based on the policy of discouraging landfilling certain of wastes
Option 6:  Other

List advantages and disadvantages of the method you have chosen.

(b) What fees will you charge small generators of chemical waste (shops, schools, workshops, farms, etc)?

(¢) Assume that the future Udanax City landfill site will be owned by the government but will be operated by a
private company. In such a situation what type of economic incentives or disincentives the government
should adopt with respect to:

(i) Waste generators

(i)  The landfill operator

(iii)  Reduce public opposition over the landfill site
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(@) Regular monitoring and sampling of incoming wastes in a landfill site in an important task. Nevertheless, the
type of analysis carried out at landfills depends on the nature and quantity of incoming waste. For the
proposed landfill site in Udanax, from Tables 5.7 and 5.8, list ten common tests you will carry out for all
incoming wastes.

Indicate what information you will request from the waste producer.

(b) In addition to the above mentioned regular record keeping of all incoming wastes, list the activities the site
operator has to report to the Udanax City council:

For example—
1. Quantity and type of wastes landfilled 2. Planned c!mnngo the site facility layout
3. ; 2 .

.......

154



LANDFILL OF INDUSTRIAL H AZARDOUS WASTES

The construction of new landfill facility in Udanax
will take at least 12 months. During this period, a list
of interim administrative procedures have been
proposed to improve the existing hazardous waste
disposal practice. From the list below, select five
important ones and rank them in order of priority:

— Continue the present practice of unsafe
dumping
— Upgrade one of the existing dumpsues on a
. temporary basis
— Store hazardous wastes in a safe site for future
landfill

— Solidification of hazardous wastes with cemant.
or lime before dumping

— Special burial at a secure site elsewhere

— Co-incineration of organic wastes in a cement-
kiln situated 250km from Udanax City

— Collect for destruction at an overseas facility

— Dumping on the existing land adjacent to
factories in the industrial estates :

— Greater sharing existing private facilities

— Impose stringent waste control standards

— Promote waste segregation, recovery and
recycle policies

— Ocean disposal

— Deepwell injection in a site 300 km from
Udanax City

— Segregation of wastes at the sources and
dispose relatively toxic wastes in the upgraded
landfill site

Indicate any additional measures you would like to
propose to the above list.

Imagine as an interim measure that one of the existing
dumpsites in Udanax City will be upgraded to accept
certain toxic wastes. Indicate the administrative
procedures and/or activities you have to plan.

For example:

* Setting-up 1nter1m standards for waste
dumping

* Regular site inspection and-monitoring”

Examine the current regulations in Udanax that apply to industrial waste landfill. In the light of a) current disposal
problems, and b) the need for new facilities, recommend legislative changes and additions so as to better control
the situation.
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In the space below, prepare a summary of your conclusions on the administrative and regulatory measures needed
in Udanax to control future industrial landfilling operations.

This summary will be included in the final Task Force report to the mayor of Udanax.
Work Group

Session

Main results and conclusions

Work Group Members

Return completed sheet to workshop co-ordinator for incorporation in the workshop report.
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In most cases, the wastes buried in a landfill site will
remain there far longer than the company that is
operating the site. It is therefore necessary to think
about long-term security of a site, and the measures
that will achieve this.

Compared to the base liner of a landfill, the surface
. liner or “cap” has several diverse functions.

It has to—

* prevent wastes from being removed by human or
natural forces

» prevent surface water from reaching the waste
* retain any gas that may be generated
and also

» support a final plant cover on the site.

The single most important element to achieve all this
is to build a low-permeability clay layer over the
wastes as soon as the filling phase is completed.

The later use of the landfill site has to be decided
before operations commence, as this will influence the
types of wastes accepted, the design of the landfill and
the method of site closure.

Ongoing monitoring long after the site is closed will
be a cost burden long after the income-generating
phase of the site. Money has to be set aside for this, as
well as for possible interventions to clean up any
unsatisfactory part of the site, if this is found to be a
problem. For example, clay and other materials to
repair any damage to the cap should be stored on the

site.

An operator should be designated with responsibility
for ongoing inspections and repair work. Post-closure
conditions, because of their cost, have to be built into
the initial site approval.
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'KGROUND INFORMA

Table 6.1:  Closure of a landfill site

Objective

L]

Final land use should be an immediate and future benefit to the local community

Administrative issues

Integrating final site use plan into the preliminary site design

Arrangement of operating fees for final site development and maintenance
Liability and responsibility for post closure site monitoring and maintenance
Possibility of selling the land

Record keeping (location of specific waste types, quantities, monitoring etc.)
Funds for aftercare

Source: Udanax Environmental Consultancy, Udanax City.

Table 6.2: Components of a hazardous waste landfill closure plan

Upon closure the following should occur—

Decontaminate and decommission any hazardous waste treatment and storage facilities

Provide a final appropriate cover for the landfill -

Control pollutant migration from the landfill via surface water

Maintain the existing groundwater monitoring network for the required period of post-closure maintenance
Continue to divert run-on from the landfill

Prevent soil and wind erosion

Control surface water infiltration and ponding at the closed site

Maintain any gas leachate collection, removal and treatment system

Maintain the integrity of the final cover and any liners

Restrict access to the landfill as appropriate for the post closure area

160

Source: Safe Disposal of Hazardous Wastes: The Special Needs and Problems of Developing Countries,
World Bank/WHO/UNEP, 1989.
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Table 6.3:  Procedures for landfill site closure

* No waste should be left exposed. Trenches and lifts should be sufficiently covered. If trenches and lifts are
unstable, they should be well marked with barricades.

* Although the rate of settling varies, maximum settlement will occur within the first year of landfilling.
Accordingly, sufficient time should be allowed for area to settle. As necessary, the area should be regraded
taking into account settlement. After maximum settlement has occurred, the area should be regraded to
ensure proper drainage. Depressions and cracks should be filled using on-site or borrowed soil. Bulldozers
and/or graders are normally used for spreading and grading the soil.

* 0.3 to 0.9 m of final cover may be applied. This cover may consist of topsoil which was stripped and stock
piled prior to commencing the landfilling operation.

 Final slope generally range from 2 to 5%. Factors that influence the final grade are: climate, vegetation and
soil characteristics. In relatively dry climate with suitable vegetative cover, slopes may safely exceed 5%. In
areas with high rainfalls, it is necessary to use extensive erosion and drainage control for slopes above 5%.

* Check sediment and erosion control and modify according to any change in grade.
* Disassemble temporary structures and receiving areas not required for final site use.

* Hydroseed denuded area with the appropriate mixture of grasses. Climate and final site use are a major factor
in determining the type of grass and vegetation selected. : )

¢ Qutline a timetable to ensure that the following features are inspected at regular intervals:
—settlement, cover soil integrity and need for grading —buffers and vegetation

—sedimentation and erosion control facilities —fencing
—Ileachate and gas control —integrity of final site use facility
—vandalism prevention measures —monitoring

Source: ‘Landfill Disposal of Hazardous Wastes and Sludges’, Pollution Technology Review N° 62,
Marshall Sittig, 1979.

Table 6.4:  General landfill rehabilitation options

Agriculture arable land, grazing, exercise pasture

Forestation | woodland, tree screens, nature reserves

Amenity | open space, buffer zones, industries, airport runways
Recreation parks, playing fields, sports complexes, tracks and golf courses
Habitation | caravan sites, gardens, play areas

Industry storage areas, parking, fabrication areas

oY AW -

Table 6.5: Design considerations for the final cover

* Low permeability clay layer * Revegetation of the top layer

* Run-off control of surface water * Control of leachate

* Gas control * Final slope

« Later use * Prevent erosion, avoid ponding of surface water.
* Remove treatment facilities no longer needed. +  Stotage or easy borrowing of clay and soil.

« If damage occurs repair the top layer.
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Table 6.6: Control of landfill after closure

¢ Erosion control
* Observation of settlement and possible deformations

* Groundwater monitoring:
—At least one upgradient well and at least three downgradient wells
—Measurement of groundwater level and groundwater quality
—Parameters that can be measured easily: pH, electrical conductivity
—At certain time intervals: also chemical analysis

* Leachate and gas control
* Meteorological data

* Observation of vegetation and vermin, odours

¢ Continue recording into the future

Figure 6.1: Some requirements for the final cover of a hazardous waste landfill (Class /I, Germany)

Vegetation

iz Top layer

=1 ’

g Surface water drainage layer 5:11115‘;?:“;;1
depth 2 2.5mm == Synthetic liner T

Compacted clay layer Combination liner

5 and control

Al equipment

== :

E Settlement balance layer

o If necessary:

s gas drainage layer

=

O Waste
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Table 6.7:  Closure and post-closure care checklist

I Purpose

1

Closure

i]  Eliminate threat to human health and environment.
ii] Reduce maintenance of closed landfill.

ili] Rehabilitate landfill area.

iv] Final landfill as a benefit to the community.

2 Post-closure care (USA is 30 years)
i]  Maintain integrity of landfill.
iil  Maintain integrity of monitoring systems.
iii] Protect against threat to human health and environment.
Il Closure Plan
1  Final site use plan integrated to preliminary design
i]  Closure plan should be prepared for permit process.
ii]  Closure plan maintained in files at facility.
iii] Closure plan amended within 60 days of any change.
2 Closure plan includes:
i]  Time and manner facility will be closed.
ii]  Description of closure requirements.
iii] Record of waste types, locations, quantities.
iv] Description of cap cover and monitoring systems.
v]  Steps to decontaminate and decommission equipment.
vi] Estimate closure costs.
vii] Arrange for operating fees for final site maintenance.
3  Procedure for closure
i]  No waste left exposed.
ii] Time allowed for settlement of landfill.
iii] Approximately 0.3 to 0.9 metres of final cover.
iv] Final slopes 2-5%.
v]  Sediment and erosion control plan.
vi] Remove temporary structures.
vii] Seeding of denuded area.
viii] Periodic inspections.
4  Inspections

i]  Settlement and cap cover conditions.
ii]  Buffer zone and fences.

ili] Sedimentation and erosion.

iv] Vegetation conditions.

v]  Leachate and gas control.

vi] Integrity of final landfill.

vii] -~ Vandalism prevention measures.
viii] Monitoring programme integrity.

continued ...
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Post-Closure Care (30 years)

Description of monitoring systems.

Description of maintenance and inspection activities.
Name, address and telephone number of contact person.
Updating of post-closure plan.

Maintain monitoring system operations.

Diverting run-off from landfill.

Soil and wind erosion control.

Water infiltration control.

o 0 N N i EB W N e

Restricting access to facility.

o
—]

Estimating post-closure costs.

(o]
()

Arranging operating fees for maintenance.

12 Conduct post-closure survey.

164

IV Financial Assistance
1  Financial obligations
i]  Written estimate of cost to close facility.
ii]  Monitor facility annually.
iii]  Adjustment for inflation.
iv] Revise whenever a change in plans increases costs.
2 Establishing financial assurance
i] Closure and post-closure trust fund.
ii]  Surety bond guaranteeing payment into closure and post-closure care together with a standby
trust fund. )
iii] Surety bond guaranteeing performance of closure and post-closure care together with standby
trust fund.
iv] Closure and post-closure letter of credit together with standby trust fund.
v]  Closure and post-closure insurance.
vi] Passing a financial test based on detailed reckoning and professional certifications of value of
the assets and liabilities.
3  Final release
i]  Certification of closure and post-closure by owner.
iil]  Approval of final release by government.
Source: P. Gelabert, 1991.
_ _—
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The existing Western Dumpsite will be closed in three years time. The site has been used in the past for industrial
as well as municipal waste (see Country Report).

(a) Prepare quickly a plan for operating the site for the next three years so as to prepare it for closure.

Hint: The plan could, for example, identify wastes that will still be accepted (or not accepted), pre-treatment of some
wastes (on the site or at the generator’s premises), places where certain wastes may be dumped, wastes to be segregated,
security measures at the site, records to be kept, types of cover for wastes, interim regulations, who should operate the
site, fees for permits (if any) and wastes, operating budget and who should pay for the operation, and so on. Final site
restoration and cover, and land after-use also need to be considered.

(b) How do you recommend the site be rehabilitated? How will this be paid for?
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(a) List some possible rehabilitation options for the Western dumpsite after it closes, and rank them in order of
feasibility. g

(b) What future land-use can be foreseen for the site of the new Blue Landfill Site, following its eventual
closure in 15 years time?

(¢) During a meeting of the planning committee of Udanax City, one of the committee members recommended
that the Western dumpsite should be rehabilitated by construction of low-cost housing. The Prime Minister
has been told that the project is safe. Will you accept this recommendation? If not, list some reasons that will
convince the Prime Minister to abandon the project. If you agree, what precautions will you propose to make
the site safe?

In view of the uncontrolled use of the site in the past, what monitoring requirements would you make after
closure? For how long would these continue? Who would pay for this?
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In the space below, prepare a summary of your conclusions on the issue of site closure of both existing and new
landfill sites in Udanax.

This summary will be included in the final Task Force report to the mayor of Udanax.
Work Group
Session Subject

Main results and conclusions

Work Group Members

Return completed sheet to workshop co-ordinator for incorporation in the workshop report.
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ANNEX I

Example of a Workshop
based on this Manual
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(1 United Nations Environment Programme

¢ Industry and Environment Programme Activity Centre (IE/PAC)

UNEP * Regional Office for West Asia (ROWA)
' - * Environmental Education and Training Unit (EETU) *

Held with the cooperation of—

* World Health Organisation (WHO)

* International Solid Waste & Public Cleansing Association (ISWA)
Hosted by—

¢ The Government of Jordan
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'I\'le need to provide training opportunities and
information on hazardous waste management to
developing countries has been recognised by the
international community for some time. Many
countries face environmental degradation and health
risks from locally produced wastes. Countries must
also know how to handle the possibility that wastes
will be brought in from abroad by unscrupulous
operators, or as part of the operation of international
transport vessels.

The importance of training and technical assistance is
acknowledged in several international guidelines (e.g.
Cairo Guidelines and the Principles for the
Environmentally Sound Management of Hazardous
Wastes) and conventions (e.g. Basel Convention on
the Control of Transboundary Movements of
Hazardous Wastes and their Disposal).

In response to this need, UNEP IE/PAC has pursued a
programme of workshops which is run in all regions

of the world. These are designed to raise the level of
awareness and skills of national administrators in
order to facilitate the establishment of effective
management measures.

The UNEP programme of workshops deal in sequence
with—

* policy options and strategies for management

* landfill of industrial wastes

* (treatment, storage, and transport

* waste minimisation and cleaner production.

'I\'cese workshops are financially supported by
national and international organisations, and
extensive assistance is given by various institutes and
individuals in their respective regions. The workshop
described here is the second in this series for West
Asia, the first regional workshop on Policies and
Strategies having taken place in Bahrain in 1989.

NEP, WHO and ISWA would like to thank the
following individuals and organisations who
provided assistance with the workshop—

Resourqe persons
* Environmental Resources Ltd. (UK):
Mr Simon Blackley

» Environment Protection Agency (USA):
Dr James Smith

* Municipality of Dubai (UAE):
Mr Jon Ward

* Forschungs & Entwicklungszentrum Sondermull
(Germany):
Dr Beate Gade.

Professor Kriton Curi, from the Bogozici University in
Istanbul, also represented the Turkish National
Committee on Solid Wastes.

The Interim Secretariat of the Basel Convention
provided documents on the Convention.

UNDP offices in various countries in West Asia
assisted with the travel arrangements of participants.
The UNDP office in Amman provided administrative
support on per diem, and receipt of technical
documents.

The workshop manual was originally prepared by Dr.
C. Visvanathan under contract to UNEP IE/PAC. Mr A.
Ryan, Shanks McEwen (UK) provided further
reference material and critical review.

The workshop was sponsored by the Government of
Germany and the Government of Finland.

The Ministry of Municipal, Rural Affairs and
Environment, Hashemite Kingdom of Jordan hosted
the workshop and assisted with local arrangements.
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'I‘he present workshop was the second in a series of
four to be organised by UNEP for West Asia. The
present theme of Landfill of Hazardous Industrial
Waste is important for many countries in addressing
wastes currently being produced by local generators.
While waste avoidance is clearly the preferred
management option, current patterns of waste
generation mean that landfill and other disposal
methods will need to be used in the short and medium
term. It is important that these disposal methods be
managed in the safest possible way.

The workshop programme has been developed by
UNEP IE/PAC as a result of previous experience in
developing countries. The workshop uses practical
problem-solving sessions rather than formal lectures.
Participants are expected to analyse their own national
situations as well as working on model case studies.
The work plan emphasises groupwork sessions rather
than individual study, so as to give participants the
opportunity of sharing their national experiences. By
working as a team, participants pool their resources
and skill, much like other waste management task
forces around the world. Background information,
case studies and groupwork exercises were contained
in a manual developed specifically for the workshop.

The forty participants from ten countries came from a
broad range of backgrounds. Many had some
experience and responsibility for landfill and for the
management of industrial and hazardous waste in their
own countries. Accordingly, the sharing of regional
experiences was an important outcome of the
workshop.
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Two countries from outside West Asia participated in
this workshop—Egypt and Mozambique.

Technical experts were drawn from regional and
outside organisations so as to balance the need for
local knowledge with the general desire to also learn
of experiences elsewhere. All resource persons were
familiar with landfill issues.

Time being limited to four days, not every important
topic could be included in the programme. The
technical documentation distributed to participants
will, however, allow further study of supplementary
issues in their home countries. Through organisations
affil-iated with ISWA, it may also be possible for
partici-pants to undertake follow-up training at
installations and administrations in industrialised
countries.

Post-workshop evaluation of participants and resource
persons confirmed that the objectives of skills
development and improved insight into landfill and
other hazardous waste problems had been largely
achieved. Participants greatly appreciated the hands-
on approach to problem-solving, and the availability
of a practical resource book (the workshop manual).
Nevertheless, a great deal of further training and
follow-up is needed if these results are to be
consolidated.
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Te purpose of the workshop was to improve the
abilities of countries to manage the safe landfill of
hazardous waste, whether locally generated or
imported.

The workshop contributes to the implementation of
international agreements such as the Basel Convention
on the Control of Transboundary Movements of
Hazardous Wastes and their Disposal. The important
management elements were outlined in the Cairo
Guidelines and Principles for the Environmentally
Sound Management of Hazardous Waste, published
by UNEP in 1987.

The workshop programme focused on key elements in
the safe landfill of industrial wastes—

* techniques for assessing hazardous waste
quantities and their disposal options

» engineering of industrial landfills

«  operation and management of landfills

» regulatory and administrative aspects

* site selection and environmental assessment

+ - landfill closure and site rehabilitation.

The workshop methodology used a combination of
activities, such as—

* technical presentations on key issues in landfill

* study of examples of hazardous waste landfill

* groupwork exercises on practical landfill problems
* report-back sessions on groupwork exercises

* panel sessions on common landfill problems

* short country reports by participants

+ afinal synthesis session.

Important technical information, the model case
study, and groupwork exercises were included in a
manual distributed to participants before the
workshop. The manual included pre-workshop
exercises to make participants familiar with the
manual and the programme. The manual can also be
used as a reference document after the workshop.

Problem-solving exercises were carried out by groups
of participants, under the guidance of a chairman
chosen from within the group. The group acted as an
autonomous unit, assisted by resource persons to
provide guidance on technical matters. Speakers for
the report-back sessions were also chosen by the

group.

Follow-up activities after the workshop will include
regular mailing of technical information, important
updates on hazardous wastes, and facilitation (on
request) of further in-depth training.
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$ . WORKSHOPGONTENTS .

The detailed workshop programme is shown in
Appendix A.

3.1 Opening session

e workshop was formally opened by HE Dr
Abdul Razak Tobaishat, Minister of Municipal,
Rural Affairs and Environment, Jordan. The chairman
of the opening session was Dr Mohammed Ben Hani,
Deputy Minister.

Also present was Dr Salih Al-Shara’a, Director,
Department of Environment. UNEP was represented
by Dr Fritz Balkau, Senior Prog-ramme Officer,
[E/PAC, and Dr Fouad Kanbour, Senior Environmental
Affairs Officer, ROWA.

32 Summary of the technical presentations

The technical presentations summarised below
introduced the major subject areas covered by the
workshop. The presentations were generally short
(twenty minutes), and outlined the main issues and
ideas on the subject. For technical detail, the
participants were referred to references and to tables
annexed to the presentations.

Identification of hazardous wastes and disposal
options (Fritz Balkau, IE/PAC)

The identification of wastes generated by industry
and their hazardous properties is an important
preliminary step to determining disposal options.
The chemical nature of industrial wastes can be
elucidated by laboratory analysis. Waste quantities,
if not already surveyed, can be found indirectly
using a variety of assessment techniques. Once the
waste has been quantified, disposal options can be
selected. Landfill is the last priority for disposal,
but nevertheless remains indispensable for many
wastes. Waste avoidance or recycling is preferable
if at all practicable.

Siting of landfills and EIA (Jim Smith, US EPA)

The siting process incorporates two separate, but
equally important, elements—a technical and
economic screening based on engineering and
ecological criteria, and a public approval process
abased on legal and social acceptability. The
screening and selection process thus requires input
from many sources, as well as good judgement in
weighing various alternatives.

178

Engineering aspects of industrial landfills (Simon
Blackley, ERL)

Landfill engineering has advanced rapidly in recent
years. Water control is the single most important
consideration of landfill engineering. Lining to
prevent leachate escape and surface sealing to
prevent ingress of runoff and rainfall are among the
features which achieve this. Calculation procedures
have become commonly available to help engineers
produce designs that achieve a high level of
environmental safety.

Operation and management of industrial landfills
(Simon /Jim Smith)

Good operation is as necessary as good design.
Operational procedures must exercise effective
control over incoming wastes, accepting only those
wastes which are permitted by local licence or
regulation. Safe handling of wastes is a subsequent
step that depends on trained staff and
comprehensive written procedure in a site operation
manual.

Administrative procedures for landfill operation
(Jon Ward, Dubai)

The choice of site, proper engineering, and good
operation will only occur if it is required by
regulation. Both general standards and specific site
licences are relevant for landfills.

Such controls are only effective in the context of
more comprehensive laws on hazardous waste. An
effective enforcement procedure is required, and
ongoing monitoring must be carried out to confirm
compliance.

Landfill closure and site rehabilitation (Beate
Gade, FES, Germany)

In most cases, the wastes buried in a landfill site
will remain far longer than the company that is
operating the site. It is necessary to think about
long-term security of a site, and the measures that
will achieve this.

Design of the final cover is vital. It has to prevent
gas emissions, loss of waste by natural agents or
people (or animals), and to prevent entry of rainfall.
Most covers are multiple layers of materials, placed
under stringent conditions of design and
supervision.

Ongoing monitoring after the site is closed occurs
after the income-generating phase of the site.
Money has to be set aside for this, as well as for
possible interventions to clean up unsatisfactory
parts of the site, if this is found to be a problem.
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Such costly post-closure conditions have to be built
into the initial site approval.

The full text of the technical presentations above is
available on request from UNEP IE/PAC, UNEP/
ROWA, or through WHO/EMRO/CEHA.

33 Case study and groupwork exercises

e case study used for practical purposes is
elaborated in the workshop manual (see 3.4
below) which was distributed to participants before
the workshop. This case study consisted of a country
report for a fictitious nation, Udanax. This contained
information on environmental problems experienced
as a result of hazardous waste dumping, the existing
environmental control systems in the country, and data
on the landfill situation concerning industrial and
other wastes.

Groupwork exercises required participants to analyse
the information in the country report, and to
recommend actions on landfill and hazardous waste
management. The work of the groups stimulated the
activities of expert task forces such as have actually
been set up in a number of countries. Resource
persons were available to guide the groupwork;
however, the essential tasks had to be done by the
participants themselves, pooling their knowledge and
searching for other information in the workshop
manual.

At the end of every working session, a one-page
session report was prepared by each group. A member
of the respective group gave a ten-minute oral
presentation, in plenary session, of the outcome of the
work. Other participants and resource persons were
able to compare the work of all the groups. The
session reports are available from IE/PAC.

34 Workshop manual

In order to make participants familiar with the manual
before the workshop, a series of pre-workshop
exercises was sent out to be completed before coming
to Jordan. These exercises are simple, but do require
familiarity with the structure and contents of the
manual.

The groupwork exercises selected from the manual
were—

Session 1: Identification of hazardous wastes and

disposal options

* Exercise I: identification of types of waste that
could be disposed of in a landfill site

*  Exercise 4: landfill hazards

Session 2: Engineering aspects of landfills

¢ Exercise I: selection of a landfill method

* Exercise 3: estimation of leachate production

Session 3: Operation and management of industrial
landfills

e Exercise 4: landfilling of difficult wastes

* Exercise 6. upgrading an old dumpsite
Session 4: Siting of landfills and EIA

* Exercise I: Environmental Impact Assessment
* Exercise 2: public participation

Session 5: Administrative procedures for landfill
operation

* Exercise 2, Session 3: monitoring incoming wastes

Session 6: Landfill closure and site rehabilitation
»  Exercise 1: 1andfill site closure

Participants were encouraged to carry out other rele-
vant exercises in their own time.

35 Country reports

e manual prepared for this workshop contained

all the information needed by participants in order

to study the landfill problem, and to carry out the

working exercises. In addition, the manual is designed

to serve as a practical handbook when participants
return to their normal jobs.

Country reports were prepared by participants prior
to the workshop in accordance with the attached
proforma (Appendix C). Most participants gave an oral
summary in plenary session. An overview of the
results of the country reports is shown below. The full
country reports are available from UNEP IE/PAC,
UNEP/ROWA , or WHO/CEHA.
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Overview of country reports on hazardous wastes management (continued)
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Overview of country reports on hazardous wastes management (continued)
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36 Expert panels

everal short panel sessions were conducted where

landfill experts responded to questions from
country participants on specific waste problems. The
panel members indicated their personal preference for
managing the nominated wastes, and under which
conditions they would be prepared to accept them into
a landfill (if at all).

Problems included 20,000 tonnes of waste oil (Oman);
corroded gas cylinders that are still pressurised
(Jordan); pesticide residues (Egypt, Mozambique);
slaughterhouse wastes (Bahrain); electroplating sludge
(Jordan); phosphogypsum wastes (Syria); oil sludges
(Dubai); and asbestos wastes (Jordan).

3.7 Synthesis session on landfill of
hazardous wastes

political factors must also.be addressed from the
outset.

* Regulation and permitting: key aspects to make
sure that technical standards are met.

» Site closure: long-term care and responsibility,
including monitoring, is a key aspect. These issues
have to be built into the site from the outset, not
added later.

38 Presentations by ISWA and CEHA

'I"Lis session summarised the immediate actions that
can be taken to implement better landfill
practices, and better hazardous waste management in
the countries at the workshop. Resource persons
presented some simple, practical propositions, and
prompted interaction from the participants so as to
explore the implications.

The subjects covered included—

* what to do about present landfill/dumpsites to
allow improved disposal of industrial wastes (S.
Blackley)

* how to improve information about hazardous
wastes, and use some simple but useful
administrative measures that can easily be put into
place (J. Ward)

* how to start planning for a more satisfactory
landfill for industrial wastes (K. Curi)

* upstream waste control to encourage reduction/
recycling/exchange, and to improve the level of
pre-treatment; simple waste-specific measures (B.
Gade).

It is also useful to note the key issues from the tech-
nical sessions of the workshop—

* Waste identification: a key to successful
management control. It is necessary to monitor the
environment as well as sources.

* Engineering: effective control (elimination, if
possible) of surface and accepted water is an
important point, as well as containment of
hazardous wastes within the landfill.

* Operation: goes hand in hand with engineering.
Good operation is essential if environmental goals
are to be met. Control over incoming wastes is the
single most important factor.

* Siting and EIA: the optimum site must be
geologically satisfactory, but the social and

fessor Kriton Curi outlined the activities of the
International Solid Waste and Public Cleansing
Association (ISWA), especially as it related to the
working groups on hazardous waste and on landfill
respectively. By becoming members of ISWA,
individuals and organisations can more easily remain
in touch with events around the world.

Dr Ali Khan described the objectives and activities of
the WHO Centre for Environmental Health Activities
(CEHA). The Centre was established in 1983 and
provides information and training to countries in the
region on issues related to environmental health.
Hazardous waste is one of the issues on which
CEHA has acted.

39 Synthesis session on hazardous waste
management

itz Balkau (UNEP IE/PAC) gave a final overview

of waste management principles, focusing parti-

cularly on techniques of waste assessment, and of
waste avoidance.

As many countries are starting with an unregulated
dumping site, they need to focus on short-term
improvements as well as long-term waste management
strategies. Short-term actions must commence with
the monitoring and reporting of wastes received and
any problems caused by unregulated disposal. Some
control must be exercised at dumping sites while
simultaneous attempts are made to upgrade the site. A
useful basic technology that can be used immediately
to improve handling and disposal in the field in any
country is solidification and chemical fixation. Very
soon after—or even better, simultaneously—there
must be an attempt to go back to the source of the
wastes to see if some reductions cannot be made there.
For many wastes where there is no good disposal
option, only source reduction is a viable management
action, especially in small countries.

In general, waste avoidance and reduction (i.e. cleaner
production) must be addressed seriously as the only
sensible long-term approach to wastes. UNEP IE/PAC
and other organisations are able to advise countries on
how to implement cleaner production programmes.

— e,
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3.10 Regional overview of hazardous waste

3.11 Workshop closure

A:omparative overview of the country reports was
repared by Jim Smith (EPA) and Ali Khan
(CEHA), and presented by Jim Smith. Details are
covered under Country Reports above.

The importance of learning from the experiences of
other countries in the region also became obvious
during the workshop.

The lack of systematic, quantified information on
hazardous waste from the region needs to be add-
ressed more seriously. There is often no mechanism
by which relevant national information can be
collected.

"I‘he chairmen of the working groups gave their
appreciation of the outcome of the workshop as
discussed in the final meeting of their respective
groups. The key points are summarised in Section 5.1
of this Annex.

The closing session was chaired by Dr Fouad Kanbour
(UNEP/ROWA). The workshop was closed by Dr
Mohammed Beni Hani (Deputy Minister of
Municipal, Rural Affairs and Environment), after final
conclusions and farewells given by Dr Hassan El
Baroudi (WHO/CEHA) and Mr F Balkau (UNEP
IE/PAC).

'he results of the working group sessions were

already discussed in the synthesis in Section 3 of
this Annex. Despite some administrative problems
arising during the workshop, the programme ran
smoothly. The groupwork format based on practical
problem-solving gave participants a good feel for the
types of decisions that would have to be made in real
situations in their countries. The workshop evaluation
questionnaire (see Section 5 below) indicated that the
workshop had been a useful learning experience. The
suggestions for improvements in future workshops are
sound; however, some of the solutions (e.g. timely
nomination by governments to allow distribution of
documents before the meeting) are beyond UNEP’s
control.

It was apparent that the relative lack of experience
with industrial residues was, for many participants, a
major handicap in successfully understanding the
complex decision making that hazardous waste
management inevitably involves. Further training can
help somewhat; however, there is no real alternative to
practical experience in the field.

The definitions of some technical terms needs to be
appreciated by decision makers, as—for example—
co-disposal, multiple-disposal, and mono-disposal.
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Both these problems suggest that there is a great need
for further training on basic hazardous waste
management in the region. Further training was, in
fact, requested by a number of participants. This could
be through further workshops in the UNEP series, or
by intensive work experience in actual facilities and
administrations abroad. ISWA and UNEP are able to
assist in identifying appropriate venues for such
training on request.

The country reports by participants showed that, with
few exceptions, there is little real control of industrial
wastes in the region. Even basic information on
hazardous wastes generation is missing.

On the other hand, there are many simple management
measures that can be taken to improve current landfill
practices, many of which are still little more than open
dumping. These simple measures would greatly
improve safety in industrial waste disposal while more
permanent facilities are planned.

A copy of the certificate of participation is shown in
Appendix D.
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Ealualion was based in part on oral presentations
y the chairmen of the working groups in the final
session, and partly on a written evaluation by
participants after the workshop. A separate evaluation
session was held by the resource persons.

51 Workshop review by participants !

E addition to completing an evaluation
uestionnaire, working groups prepared their own
assessment of the workshop for presentation in the
closing session. Relevant comments were—

* Good knowledge and insights on landfill and
waste management were obtained, with
constructive ideas on how to improve landfill
practices in the countries in the region. The
technical documentation was good.

* The workshop should be longer. Some exercises
were too compressed. A field visit should be
included.

* Additional emphasis should be given to providing
answers and feedback on the working exercises.

Evaluation of workshop by participants: Part 1

* The administration of the workshop was deficient
in some aspects, particularly with respect to
selection of participants and their timely
nomination so as to allow documents to be
distributed in advance. Also a better location for
the workshop should be found in future.

* Use of both Arabic and English is recommended
in future. There should be increased use of audio-
visuals.

* Resource persons should be familiar with the
region, but also resource persons from outside the
region give a good idea of practices elsewhere.

* The group work was effective and also enhanced
the general atmosphere. Overall the workshop
achieved its aim of effective training.

52 Summary of evaluation questionnaire

enty-two questionnaires were returned by
participants. Summary figures are shown below.

I Based on notes taken at the oral presentation by
workgroup chairmen, and comments from the questionnaire.

15 -

10 4

WIEEEEERE DR

Poor Average Good Very good
M Organisation of B Workshop il Technical Case study
workshop programme presentation
B Country report @ Technical B Workshop
information evaluation
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Evaluation of workshop by participants: Part 2

P

Not enough

Just right

Too much

B Length

B No. of technical
presentations

M Documents distributed

53 Workshop review by resource persons

Te review by resource persons came to the
following conclusions—

* The workshop programme had a good balance of
the essential topics. In future, even more emphasis
should be placed on immediately achievable
results as well as the ideal.

* Case study: Udanax is a good concept, and this
case study should remain to be continually
improved. The groupwork exercises were
generally good, but a few need to be reviewed to
make them simpler and more focused on the case
study. There could be more emphasis on feedback
in groupwork exercises. Participants often want
the ‘answers’ to exercises.

» Technical presentations: time was short for these,
but on balance it was correct to allocate more time
to groupwork than to lectures. If a separate
introduction to the exercises is given, the lectures
do not specifically need to relate to the central
case study.

* Country reports: these were sometimes slow and
very incomplete, but they are valued by
participants. Perhaps they should be more
carefully orchestrated by UNEP before the
workshop.

» The Resource Persons panel sessions were useful,
and appreciated by participants for their practical
advice.
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54 Workshop assessment by UNEP
(F. Balkau, F. Kanbour)

verall, the format and arrangements worked well.
he most productive sessions were the
groupwork sessions and the resource persons panels.
Participants responded well to the tight time
constraints on groupwork, and often continued work
in their own time, after formal sessions. The manual
was well received, although further technical editing is
needed on some of the exercises. There was a very
positive atmosphere among all the participants. The
resource persons worked well as a team, and related
well to the participants.

Some aspects to which attention still needs to be

paid—

* Pre-workshop consultation with host organisations
needs to be greatly strengthened so as to ensure
timely action on vital aspects of logistics, nomin-
ations, and documentation.

* More attention needs to be given to advising on
and controlling the nominations by national focal
points. Quite a few official nominations were
inappropriate for this workshop, and diminished
its value for the others. Criteria include language,
work responsibility, technical competence and
correct field of professional training.

* The pre-workshop preparation of country reports,
introductory exercises, and preliminary reading
needs much more attention, especially for short
concentrated workshops.

» The workshop should be extended to allow time
for a field visit. Such a visit could be the topic for
a group analysis assisted by resource persons, in
order to encourage material studied in the
workshop to be applied to actual national problem
situations,
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UNEP REGIONAL WORKSHOP
Landfill of Hazardous Industrial Waste

Amman, Jordan ¢ 22-25 June 1992

Day 1 » Monday 22 June 1992

8.00-9.30 Registration of participants
9.30-10.00  Opening of the workshop (Chair: Dr Mohammed Beni Hani, Deputy Minister)
* HE Dr Abdul Razak Tobaishat (Minister of Municipal, Rural Affairs & Environment,
The Hashemite Kingdom of Jordan)
» UNEP (ROWA; [E/PAC)
10.00-10.30  Coffee break
11.00-11.30  Review of hazardous waste issues in the region. National and international issues; national
actions. Management principles [UNEP].
11.30-12.00 Review of case study exercises. Introduction to workshop procedure [UNEP].
Country Report N° 1: Udanax
12.00-13.30  Lunch in workgroups. Meet group members; select chair, rapporteur.
13.30-14.00  Presentation on technical theme 1:
‘Identifcation of hazardous waste generation and import and dlsposai options’
[F. Balkau, UNEP]
* Explanation of case study exercises.
14.00 - 15.30  Case study groupwork on Theme 1:
‘Identification of hazardous waste and disposal options’
« Exercise 1.1; Exercise 1.4
16.00-17.00  Country reports
* Chair F. Kanbour [UNEP/ROWA ]
¢ Countries Bahrain, Oman, Mozambique
From 19.00 UNERP cocktail
—_— —_— S ——
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Day 2 » Tuesday 23 June 1992

188

8.30-9.15 Interim groupwork reports from Theme 1.
9.15-10.00 Presentation and discussion on Technical Theme 5:
‘Siting of landfills: site selection and EIA’ [J. Smith]
¢ Explanation of case study exercises
10.00-10.30  Coffee break
10.30-12.00  Case study groupwork on Theme 5: Siting of landfills
» Exercise 5.1; Exercise 5.2
12.00-13.30  Lunch
14.00 — 14.30  Presentation and discussion on Technical Theme 2:
‘Engineering aspects of industrial landfills’ [S. Blackley]
+ Explanation of case study exercises
14.30-15.30  Case study groupwork on Theme 2: ‘Engineering aspects’
* Exercise 2.1; Exercise 2.3
» Coffee; Preparationof groupwork report for Themes 2 and 5.
16.00-17.00  Country reports
¢ Chair F. Kanbour [UNEP/ROWA |
» Countries Iraq, Syria, Yemen
Day 3 » Wednesday 24 June 1992
8.30-9.15 Interim groupwork reports from Themes 2 and 5.
9.15-9.45 Presentation and discussion on Technical Theme 3:
“Operation and management of industrial landfills’ [S. Blackley/J. Smith]
» Explanation of case study exercises.
9.45-11.15  Case study groupwork on Theme 3:
‘Operation and management of landfills’
« Exercise 3.4; Exercise 3.6
11.15-11.30  Country problem-solving: resource persons panel
11.30-12.00 Presentation and discussion on Technical Theme 4:
‘Regulation, permitting and control’ [B. Gade}
12.00 - 13.30  Lunch
13.30 - 14.00  Presentation and discussion on Technical Theme 6:
‘Landfill closure and site rehabilitation’ [B. Gade]
» Explanation of case study exercises
14.00-15.15  Case study groupwork on Themes 4 and 6:
‘Regulation, permitting and control’ and ‘Landfill closure and site rehabilitation’
» Exercise 3.2 (p118); Exercise 6.1
Country reports

15.15 - 1600

* Chair F. Kanbour [UNEP/ROWA |

» Countries Jordan, Dubai
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Day 4 » Thursday 25 June 1992

8.30-9.30

9.30-11.00

11.00-11.45

11.45-12.15

12.15-12.45

12.45-13.00

13.00

Interim groupwork reports
* presentation on ISWA [Prof. Kriton Curi]

Interaction: ‘Establishment and management of industrial landfills in developing
countries’ (Practical propositions and problem-solving using resource persons panel)

Coffee break
Preparation of final groupwork reports: an appreciation of the workshop and its output

Workshop synthesis:
‘Management, disposal and minimisation of hazardous waste’ [UNEP ]

Appreciation of country reports [J. Smith]

Introduction to CEHA [M.A. Khan]

Comments on workshop by group chairmen.

Evaluation

Final address and farewell (Chair F. Kanbour, UNEP/ROWA)

¢ Dr Mohamed Beni Hani (Deputy Minister for Municipal, Rural Affairs and
Environment, the Hashemite Kingdom of Jordan)

« Dr H. El Baroudi (Director, CEHA)
« Mr Fritz Balkau (UNEP [E/PAC)
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APPE '.7_‘. DIX B Documents made awarlabl‘"' to partic
- opndisplay. | -

Documents made available to participants

1 IE/PAC information folder; Introduction to Cleaner Production.

Management and Control of Hazardous Waste , IE/PAC [1990].

Introduction to Landfill of Hazardous Industrial Wastes, IE/PAC [1990].

Landfill of Hazardous Industrial Wastes: a workshop manual, UNEP IE/PAC [1992].

W B W N

The Safe Disposal of Hazardous Wastes: the special needs and problems of developing countries, World
Bank/UNEP/ WHO [1989].

Rapid Assessment of Air, Water and Land Pollution, WHO [1982].

(i) Basel Convention on the Control of Transboundary Movements of Hazardous Wastes and their
Disposal,, [1989]; (ii) The Basel Convention, by 1SBC [Hune 1992].

Environmentally Sound Management of Hazardous Wastes, UNEP [1987].
9 International Progress in Hazardous Waste Management, ISWA [1992].

10 Adapting Hazardous Waste Management to the Needs of Developing Countries, Waste Management and
Research Vol.8 N° 2 [March 1990].

Documents on display

1 Training Manual on Hazardous Waste Policies and Strategies, UNEP IE/PAC [1991].

2 UNEP [E/PAC Technical Reports on Tanneries, Metal Finishing, Mining, Storage of Hazardous Materials,
Energy Efficiency.

3 Audit and Reduction Manual for Industrial Emissions and Wastes, UNEP/IEO and UNIDO, Technical
Report Series N© 7 [1991].

4 Management and Control of the Environment, WHO [1989].
Industry and Environment on siting of industry, industrial plant monitoring, environmental auditing, waste
minimisation.
6 WHO/CEHA Activity Report: Description of Activities, and CEHANET Special Bibliography on
Hazardous Waste Management [1992].

7} Regional Consultation Meeting on Control and Disposal of Hazardous Wastes, Amman, WHO/EMRO
[1989].

Land Disposal of Hazardous Waste, Gronow, Schofield, Jain. Ellis Harwood Ltd [1988].
Geotechnology of Waste Management, Oweiss. Butterworth [1990].
10 Video Cradle to Grave, EPA Victoria.
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The report includes the relevant factors that influence waste generation and the options for
disposal. Report length should not exceed eight pages. Tables may be attached.

National profile: population and growth rate,
geographical. and climatic conditions,
resources, economic base, administration and
government, technical services, environment
[one page maximum].

Industry profile: types of existing industries,
their location, output, employment.

List of environmental problems being
experienced due to hazardous waste dumping
of disposal: e.g. pollution, adverse health
impact, unsafe handling, illegal dumping,
unsafe transport, unsatisfactory storage, soil
contamination, etc.

Main types and quantities of hazardous
wastes in the country, including both
industrial and other sources of waste. Mention
explicitly any wastes imported or exported.

Extent of current treatment, recycling or
disposal facilities: e.g. oil recovery plants,
solvents recovery, incineration, storage sites,
treatment plants, land disposal, and any
similar installations.

Present landfill practice: number of landfills
and dumpsites used for waste disposal or co-
disposal, problems related to construction,
operation and maintenance of landfills,
technical description of existing landfill(s),

types of landfilled wastes, site selection
procedures, monitoring of landfill leachate
and gas, monitoring of incoming wastes.
Mention any sites used specifically for
industrial wastes, including those on company
premises. Mention any dumping at sea.

Extent of infrastructures and services already
available: e.g. specialised chemical transport,
emergency clean-up service, waste exchange
service, experienced consultants, hydraulic
and geological investigators, training
institutes, laboratories, professional
associations, research groups. List any
companies running landfill services.

Current system of policies, laws and
regulations to reduce and control pollution,
solid waste disposal and hazardous
chemicals: e.g. water standards, sewer
standards, health laws, landfill regulations,
waste transport, pesticides and chemicals
controls, facility permits, EIA, etc.

Which organisations have responsibility for:
landfill operation and control, pollution, solid
waste, hazardous wastes, toxic chemicals,
industry permits, export/import of wastes and
chemicals, pesticides, environmental
monitoring, industrial training, clean
technologies, dissemination of information.
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The United Nations Environment Programme
S N

¢ &Y
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ALY

UNEP

Industry and Environment Programme Activity Centre
(IE/PAC)

and

Regional Office for West Asia
(ROWA)

hereby award this
CERTIFICATE OF ATTENDANCE

o

for having particpated in the

Regional Workshop on Landfill of Hazardous Industrial Waste
held in Amman « 22-25 June 1992

in association with the

World Health Organisation
(WHO)
and
International Solid Waste and Public Cleansing Association

(ISWA)
Jacqueline Aloisi de Larderei Adel Orabi
Director . Director
Industry and Environment Programme Activity Centre Regional Office for West Asia
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Introduction

information, but generally this should not be

’I‘hese pre-workshop exercises are designed to make
necessary.

workshop attendees familiar with the country

report, and the other technical information in the Ploase briag:the cormplblad pre-worksliop oAstoiass

workshop manual, before coming to the meeting.

Please study the country report—Udanax. Then carry
out the pre-workshop exercises. You may wish to
consult the workshop manual to obtain some technical

with you to the workshop. You must also bring the
workshop manual with you. This also has some
exercises in it. You will carry out the exercises in the
manual when you are at the workshop.
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SESSION 1 Identification of hazardous wastes and disposal

Pre-workshop Exercise A
Identification of environmental problems

From the Udanax country report, identify the major environmental problems and concerns that can be attributed to
dumping of industrial hazardous wastes on land. For each problem, list some possible consequences that may
occur to human health or the environment.

Major environmental problems Possible consequences

e.g. Groundwater pollution Human illness and cancer
Interference with industrial processes
Need for expensive water purification systems or relocation of
deepwell pumps

Now go on to list other problems ...

Pre-workshop Exercise B (reference page 58 of this manual)
Hazardous properties

Using Table I or other sources of information, identify the hazardous properties of some of the dumped wastes in
Table 2 (ref. p43)of the country report. Note that you may not find all relevant wastes listed in Table 1, so you

cannot carry out this exercise fully.
Dumped waste Health hazard Landfill effect

e.g. Sludge with heavy metals Toxic Toxic leachate

Now go on to list other wastes ...
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SESSION 2 Engineering aspects of landfill

Pre-workshop Exercise C
Technical quiz !

1 Recommend two types of liners used in hazardous waste landfill. What makes these superior to other
liners?

2 In case of soil permeability to the order of 10~ m/s, a site can be established for the discharge of—
[] Toxic industrial waste [ Inert waste I Household refuse

3 Can the nature of the waste discharged alter the permeability of the soil?
LI Yes [l No

4 If leachate production is high, it is proportional to—

L] runoff [l evaporation
[] transpiration [] infiltration
5 Net infiltration is—

[J all infiltration that passes through the soil surface
[ difference in rainfall and evapotranspiration rate
[] describes the volume of leachate

] is the opposite of precipitation

6 An integrated landfill facility should have—
[] waste reception, segregation, and storage units [} pre-treatment facilities
[] landfill sites [ all of the above.

I Refer to the workshop manual for technical information if you wish.
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Pre-workshop Exercise D
Landfill design

A site for a new hazardous waste landfill has been proposed. Soil boring indicates that there is a five to seven
metres thick clay layer, overlain by three to ten metres of sandy silty material with some lenses of gravel. The
water table is at a depth of about twelve metres.

How would you best build the disposal facility under these conditions? Prepare a one page sketch below—
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SESSION 3 Operation and management of landfills

Pre-workshop Exercise E
Technical quiz based on your general knowledge

1 During landfill site measure, it is sufficient if you monitor only the groundwater quality—
[] True [] False

2 In a landfill site where rate of travel of pollutant is high, the monitoring frequency also has to be high—
[J True ] False

3 In a landfill site, a minimum of three upgradient wells and one downgradient well should be located for
monitoring—
0 True ] False

4 After closure of a landfill site, it is not necessary to continue monitoring—
O True [J False

5 The depth of the monitoring well should be—
[] above groundwater level [] same level as groundwater ] below groundwater level

6 The objective of a landfill site inspection is to—
[] ensure the safety of the site operator
[1 build up the credibility of the controlling authority
[1 ensure that environmental impacts are kept to a minimum
1 all of the above

7 An extended site inspection consists of—
[[] visual site examination | sampling of gas and water
[] inspection of site records 1 all of the above

8 The landfill site safety is under the responsibility of—
[] site operator [] site inspector

|

[] local environmental authority [ other authority.

SESSION 4 Siting of landfills

Pre-workshop Exercise F
Site impacts

Consider the location of the existing Eastern [E] or Western [W ] dumpsites in Udanax. Indicate which of these is
more favourably located with respect to—

* hydrogeology = proximity to industrial waste generators ¢ residential areas
» climatic conditions (rain, wind direction, evaporation) » coastal pollution

Which site accepts more industrial waste?

At first sight, is the proposed new green site better situated than the blue site on the above criteria?
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SESSION 5 Regulations, permitting and control

Pre-workshop Exercise G
Technical quiz

1

198

Is it clear from the Udanax Country Report which agency is responsible for controlling landfill operations?

You intend to develop a new landfill to accept potentially hazardous wastes in Udanax. Your first action is

inform the public by announcing your intentions

determine what sites can be legally considered for the landfill under current land use rules

decide what types of wastes are to be landfilled

review licence applications and licences granted to landfill operators in your own country and/or in
other countries

i i i Z'l?

Having obtained title to land which you consider can be used to landfill potentially hazardous wastes, you

begin to prepare your campaign to obtain a licence by—

[l obtaining detailed background data concerning rainfall, groundwater and surface water in the area, soil
types, levels of contamination already present and land use in adjacent areas

[ performing a full-scale site health assessment and risk procedure with respect to the area

[ arranging meetings and briefing with the licensing agency's personnel

[ cother actions (SDBCIEY ) o i mr e s s e s s s e e vees

Provisional permission has been granted for you to develop a parcel of land for landfilling of potentially

hazardous wastes. You decide to begin by—

] hiring a firm of outside consultants to develop the site

[[] determining transport access to the site

[] preparing an Environmental Impact Assessment detailing probable effects of the landfill as a function
of time

[J seeking to employ trained personnel to help and operate the landfill

Your request for official sanction to operate the landfill is under review by Udanax City, regional and

national authorities; local citizens have logged a formal protest against your proposal. You—

[1  arrange to offer economic incentives such as paying the local taxes of the host village, building a
recreation centre, etc.

[] provide a complete dossier of why your facility will meet all lechmcal standards and requirements in an

effort to convince the protesters they have nothing to fear

ask local politicians to intervene on your behalf

seek to involve community leaders to form a coordinating group to ensure full public involvement and

knowledge of the project

00

You have concluded that the company cannot expect a suitable return on investment for entering the
hazardous waste landfill business. The region now has no prospect of an experienced company
pamc:patmg in hazardous waste disposal. The government should—

consider providing hazardous waste disposal as a public utility type of service

offer your company a set of subsidies to provide the hazardous waste disposal

enter into negotiations with the major generators of hazardous waste in order to determine the best
approach

encourage generators to develop on-site disposal units with government participation and approval

ooo
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7 Your company agrees to act as disposer of hazardous wastes provided Udanax City Council agrees to [i] a
granted site; [ii] to indemnify the company in case of damage; and [iii] to be responsible for all post-
closure issues seven years after the site ceases to accept wastes. The Udanax City Council should—

| enter into negotiations with your company [J accept
[l tell your company, “no way” [] operate its own site given these demands
8 Despite best efforts to prevent it, a hazardous waste landfill is found to be releasing potentially toxic

substances to air, groundwater and soil. The Udanax government should—

] keep this a secret so as not to cause unrest and incur extra expense

(] perform theoretical site health and risk procedure assessments

inform the public and take basic steps to temp the releases

have trained personnel and monetary resources in hand to deal with such problems.

R ETE

SESSION 6 Landfill closure and site rehabilitation

Pre-workshop Exercise H
Technical quiz using your general knowledge as far as you can

1 The landfill operating plan should be taken into consideration during—
[1 closure [ preliminary design
L1 site operation [ site selection
2 Post-closure records should contain information on—
[ type and quantity of waste disposed ] depth of fill at different locations
[ location of waste L] all of the above
3 Maximum recommended slope of top cover is—
O 1% 1 5%
O 2% Ll 10%
4 It is advisable to limit access to a hazardous waste landfill site even after closure and rehabilitation—
L] true ] false

Pre-workshop Exercise |
Rehabilitation requirements

In recommendations to the Prime Minister, did the ad-hoc committee consider the need for site rehabilitation?

Did it also consider subsequent land-use of rehabilitated dumpsites?

Do current waste disposal regulations require site rehabilitation?
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Deleriorating environmental conditions in several
parts of the world have more than ever before
focused the attention of governments and the public
on hazardous industrial wastes. Previously such
wastes were disposed of without particular care. In
some cases, wastes have been exported to countries
* that lack effective control systems.

The response of governments has been to attempt to
quickly put into place national control systems over
industrial wastes. Recent international agreements—
such as the Basel Convention—themselves rely on
effective national systems for their implementation.

However, limited national experience with hazardous
waste management often means that such new control
systems are less effective than had been hoped. Most
countries are therefore anxious to learn from the
collected experience of others so as to reduce the time
taken to put effective programmes into place.

is paper briefly examines the elements of an
effective management strategy for hazardous
waste, as well as outlining the contributions that some
international organisations are making in putting such
strategies into place.

hich wastes are hazardous? What do we mean
by management?

More fundamentally, what are ‘wastes’?

It is often tiresome to begin a discussion with
definitions of terms. However, in the case of
hazardous waste management, it is important that we
all speak the same language. Hazardous waste comes
from many sources, and many organisations will be
involved in control actions. A variety of specialists
from disciplines such as law, engineering, education
and public relations are needed to contribute to action
programmes. We must also remember that regulations
and administrative control systems depend on clear
and unambiguous definitions and classifications.

The definition of those wastes to be managed is
crucial. Commonly, hazardous waste includes all
wastes that are listed in a schedule, or that have
hazardous properties such as toxicity, flammability,
corrosivity, or ecotoxicity. Most of these wastes come
from industry; however, agriculture, transport
services, hospitals and research laboratories, and even
households, will also generate such wastes.

Management means different things to different
people. In general, it refers to the rational control over
all aspects of the life cycle of a waste, in line with a
well-defined set of objectives. It is important to define
the management responsibilities of all partners in such
life cycle control, from the generator through to the
final disposal operator.- Even the public has an
important role to play in some strategies.

Each country must adopt its own definitions of terms
and classification systems for wastes. As a guide,
some working definitions are shown in Appendix A.
The classification of wastes used in the Basel
Convention is shown in Appendix B.

A controversial issue at the moment is whether wastes
intended for recycling should be exempted from
hazardous waste controls. Industry would prefer such
an exemption so as to improve the economics of
recycling; however, government agencies remember
the pollution that has been caused by sham recycling
schemes in the past, and are therefore reluctant to
agree to exemption. The Basel Convention included
wastes intended for recycling within its management
system, and many national systems do likewise.
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efore we can devise sensible solutions, we must

first have a good idea of what the problem is,
both in nature and in extent. Surprisingly this is often
overlooked by many national authorities, who are in a
hurry to get on with building a control system.
However, without firm evidence that there is indeed a
problem, we are unlikely to convince policy-makers to
pass regulations and to commit money to build
facilities. And without a good estimate of the waste
sources, we are in any case unable to design and build
“the disposal facilities that are needed.

Surprisingly, good data on environmental impact are
often difficult to find. This is particularly so in respect
of the cost of health and other damage, the number of
people- affected, the value of natural resources
destroyed, etc. A specific activity has usually had to
be launched to collect such information, and such data
as exist should be put into an assessment report in
order to document the size of the problem. Such a
report needs to keep its audience in mind. It should be
simple, persuasive, must include cost estimates of
damage, and draw some conclusions about immediate
and future risks.

ssessment of waste sources is also more complex

han it first appears. Neither the types nor the
quantities of waste are always immediately obvious;
waste generators are frequently ignorant of what they
actually produce, and will in any case be secretive
about their operations. Past waste surveys have been
remarkably inaccurate. While direct measurements are
more accurate, they are also more expensive. Waste
assessment has thus become a highly skilled exercise
that requires time, patience, training, and a high level
of inter-agency and inter-sectorial cooperation.

In countries where comprehensive data on waste
resources do not exist, rapid assessment methods can
be used to give a first estimate, and to provide a
starting point for further, more detailed examination.
Such rapid assessment methods include both manual
and computer-based calculation programmes. Direct
monitoring and surveys can then follow, and
subsequently the results of several methods are
combined so as to increase reliability.

Once the problem (environmental impact) and its
origin (waste source) have been identified, we
can start to consider the options for action. It is,
however, useful to first identify the administrative
context in which the waste problem finds itself. This
context includes those regulations that may already
exist, the government agencies with responsibility for
health and safety, and the technical infrastructure and
support services available. An important aspect is
what is sometimes called a ‘key player analysis’; i.e.
identification of those key individuals and agencies
who may help or hinder in the eventual control of
hazardous wastes.

The entire set of assessment steps above has recently
been put by UNEP into the form of a Situation
Questionnaire. This questionnaire is intended to be
used by waste managers or consultants to identify the
most relevant features of a country situation as it
concerns the management of hazardous wastes. The
table of contents of this questionnaire is shown in
Appendix C. (The entire questionnaire appears as
Annex V of this manual).

xperience in countries that have implemented

azardous waste management programmes in the
past shows that it is necessary to act on several
different fronts simultaneously. In particular, the
following are indispensable—

+ establishment of waste treatment and disposal
facilities

« legislation to set acceptable standards for waste
handling facilities, and to require monitoring and
reporting of waste operations

* an administration to enforce the legislation, to
monitor wastes and to undertake some practical
disposal operations

* adequate infrastructure and technical support
services such as waste transport contractors,
analytical laboratories, consulting and design
services, training institutions, information
services, databanks to monitor waste data, and so
on.
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These elements are mutually independent, and have to
be matched to the demands of each other.
Accordingly, one often talks of the need to prepare a
waste management strategy. Figure | shows the
elements that were included in a waste strategy in
Australia in 1985. Figure 2 shows the waste handling
operations that need to be considered when
assembling such a set of control elements.

In view of the ease with which wastes can now cross
borders, it is necessary for national strategies to pay
regard to international developments in waste
management, particularly concerning control over
export and import of wastes and of trade in secondary
raw materials (wastes sent for

A number of references have been prepared to help
guide the preparation of waste management strategy,
including the consultation process. In particular, a
regional workshop held by UNEP in 1986 gave clear
and succinct guidance on this issue in its final report
(Reference 10). The Cairo Guidelines and Principles
for the Environmentally Sound Management of
Hazardous Wastes (UNEP, 1987; Reference 7)
subsequently summarised the major considerations of
a strategy, which were ultimately incorporated into the
three-volume manual on safe disposal prepared by
UNEP, the World Bank and WHO in 1989 (Reference
1). The main points of the Cairo Guidelines are shown
in Appendix D.

recycling or recovery).

The process of preparing a
strategy will be as important as |

The implementation of a waste
management strategy takes time.

the contents. Many good
proposals around the world
have had to be abandoned
because the ground had not
been adequately prepared.

Early discussions with the public
Openness to public views and
suggestions

Strong emphasis on waste
reduction actions

Many countries have taken over a
decade to assemble their
programmes, and most are still not
complete.

It is therefore important to consider

Early public consultation on
proposals is essential; |*®
discussions with cooperating
agencies and regular briefing of | ,
politicians are indispensable.
Industry must clearly |®
understand what it is expected

facilities

confidence

Safe management of existing

Safe design of new facilities
A facility operator who has public

how to phase in the various
measures, and what temporary
measures to put into place in the
meantime. The adoption of interim
measures was considered at an
ISWA workshop in Honolulu in
1989 (Reference 16), and is

to do, and why.

Even with such a consultative

process, success is not guaranteed. However, the
absence of such a process has negated whatever
chance of success there might have been for many
programmes which were technically sound. It is no
longer true that engineers and politicians can
‘persuade’ the public of the merits of proposals on
which the public has had no prior input.

This true even in developing countries, some of which
have also found that public opposition can cause delay
or even abandonment of projects which are
inadequately presented. Projects that have been
successful have tended to include the elements shown
in the box.

summarised in Section 7 of this
paper. Interim landfill arrangements
will be among the immediate temporary measures
adopted, as will options for co-incineration, recycling,
and perhaps long-term storage. A strong waste
avoidance and reduction programme can also do much
at this stage to deal with some waste streams which
are generated in excessive quantity, or which are
difficult to dispose of.

We now go on to look briefly at the major components of a waste strategy.
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’I‘hc main components were earlier listed as
technology, regulations, administration, and
infrastructure. We will examine each briefly in turn, to
see how they ‘contribute to an overall waste
management strategy.

51 Technology for treatment and disposal

5.2 Legislation for waste management

Conlrary to common opinion, safe and efficient
technology is already available to deal with most
industrial wastes. In fact, information on technologies
is the easiest waste management information to find in
references and journals. Additional research and
development helps to further reduce costs, to improve
operating efficiencies and performance, and to
develop variations such as mobile plants etc.

Table | shows some of the main disposal technologies
which are commonly applied around the world.
Reference 1 gives a more complete discussion of the
various options and their application.

The actual choice of treatment technology will depend
on government policy as well as on scientific
principles, and therefore it is important to clearly
identify such policies at the outset. Examples of
policies applied in some countries include—

* acceptance (or not) of co-disposal and co-
incineration of industrial and other waste

» non-acceptance of liquids in landfills

» requirement of pre-treatment and stabilisation of
all toxic waste prior to landfill

* ban on disposal of certain wastes that can be
recovered

* use only of proven technologies.

These policies are often incorporated into a broader
approach that promotes a hierarchy of waste priorities,
such as [i] waste avoidance; [ii] recovery and
recycling; [iii] treatment; [iv] disposal.

In choosing technologies, factors such as safe disposal
of residues must be taken into account as well as
treatment efficiency. Considerations of infrastructure,
trained manpower for operation, and whether or not
the plants are to be run for single waste streams or for
a collective facility, are among the additional
constraints.

Some countries have prepared guidelines and tables to
guide in the choice of acceptable technologies. Table
2 is taken from an Australian strategy of 1986. A more
comprehensive set of tables can be found in Reference
1, as well as in other literature.

’Pe framing of effective regulations is a difficult
task. A multitude of waste sources and handling
operations have to be covered, yet the regulations
have to be practical to enforce. New regulations on
hazardous waste have to fit into an existing framework
of laws on municipal waste, on chemicals and
pesticides, on public health and safety, on industrial
permits, on public sewer systems, on the management
of air and water pollution, and on transport safety.
Many of these have already developed their own
classification and permit systems. In addition,
regulations and classifications now need to pay regard
to the Basel Convention so as to be compatible with
the regulations in other countries.

The following are common elements of national
legislation on hazardous waste:

A
'ﬁ?g‘?@?

Defining objectives of the legislation

» Defining responsibilities of generators, operators

» Classification of wastes and sources '

« Permits for operators and facilities

» Standards for discharges to water, air, land

» Standards for waste transport

= Bans on certain operations

* Monitoring of generation, transport, disposal

* Clean-up of contaminated sites

* Penalties for non-observance of requirements

« Incentives for R&D and installation of plant

o
L

Legislation is ineffective unless there is adequate
enforcement. Enforcement requires an inspectorate
that is trained to recognise the special aspects of
industrial waste, while at the same time continuing to
deal with more traditional pollution problems.
Guidance documents to drafting legislation are
available from UNEP and from the Secretariat of the
Basel Convention.

Each country has so far developed its own approach to
regulation; however, there are a number of guidance
documents and case studies which can be consulted.
In particular, the Cairo Guidelines outline the main
considerations (Appendix D).

5.3 Operation and administration

any countries now prefer that waste disposal is
arried out by the private sector (perhaps under
government licence), while standard setting and
monitoring rests with the government. Establishment
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of control legislation is, of course, also a government
function.

Legislation is worthless unless there is effective
enforcement. This is particularly true for hazardous
waste legislation. Enforcement requires an
inspectorate that is trained to recognise the special
aspects of industrial waste, while continuing to deal
with more traditional pollution problems. The creation
of a separate waste inspectorate has proven to be less
effective than this integration with pollution
enforcement.

In addition to enforcement, there needs to be a special
unit that has responsibility for policy development, for
monitoring and data collection, and for making special
arrangements for certain wastes that are difficult to
dispose of. The unit must also take an active role in
minimising the generation of waste production.

5.4 Infrastructure and technical services

T'Lis area is unfortunately sometimes overlooked
when waste strategies are prepared.

Some examples are shown in the following box.

»  Safe landfill activities for treatment residues,
incinerator ash, soil and residues from site clean-up,
and those wastes that cannot be avoided or treated

*  Safe interim storage facilities for abandoned
wastes and wastes collected from small
generators

*  Analytical laboratories capable of handling the
complex samples from a waste control programme

* Training institutions for drivers,
operators, inspectors, and site clean-up
personnel

*  Educators and trainers to handle sensitive
communications programmes with the public,
with NGOs, and with local politicians

*  Monitoring and data collection facilities

Ita is now generally conceded that a proactive
pproach to waste minimisation has to be taken if a
management programme is to be successful. This has
been incorporated into the cradle-to-grave policy
adopted by many countries; however, practical action
has been slower to follow.

Waste minimisation sidesteps many of the problems
with treatment and disposal. An effective programme
incorporates both a tightening up of standards
applying to waste operations, as well as incentive and
information programmes to demonstrate that practical
programmes of waste avoidance do work, are
economic, and can be implemented in most industries.
For example, a recent report from the Netherlands
indicated that of 40 industry case studies, waste
minimisation measures had an economic payback or
were cost-neutral in 38. Only in two cases was there a
long-term cost penalty to the industry concerned.

Waste minimisation within the industry requires first
an assessment of the waste sources, and then a
systematic examination of the reduction options. A
number of references are available to guide such a
process (References 12, 19 and 20).

A number of governments have recently taken a more
proactive approach to waste reduction.

The Netherlands has adopted reduction targets for
many industrial and domestic wastes, and is backing
this up with strong action programmes. The State of
Victoria in Australia has adopted an integrated
programme of regulation, advice, enforcement and
incentives. Various states in the USA have done
likewise, and the US EPA has created a special Office
of Pollution Prevention to oversee its national
programme. :

A part of the US EPA programme is a computer-based
clearinghouse on pollution prevention information.
This clearinghouse has recently been made available
to UNEP IE/PAC as the basis of its International
Cleaner Production Information Clearinghouse
(ICPIC). ICPIC can provide examples of company and
government programmes, as well as case studies of
low-waste production technologies.

Access to ICPIC is available free of charge to users
around the world. It is one component of IE/PAC’s
Cleaner Production programme (see Appendix F)
which aims to assist countries and companies in
implementing waste avoidance programmes around
the world.

Likewise, ISWA has been active in publicising waste
minimisation through special conferences and
publications.
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number of countries around the world have been
radually developing their hazardous waste
management systems in recent years.

While the longest experience has been in
industrialised countries (where the problem has been
most acute), in recent years some developing countries
have also moved to put control measures into place.
The ISWA workshop in Honolulu in 1989 reviewed a
number of country case studies which are described in
Reference 16.

Very briefly, the experience can be summarised as
follows—
« effective waste management relies on a

combination of measures rather than a single
technical or regulatory initiative

* the building of support for waste control measures
among the public and government officials is
critical to success

* cooperation with and between government,
industry and public bodies is necessary if practical
minimisation and disposal measures are to be
effective

* a gradual building up of control measures is easier
than the implementation of grandiose master
plans.

waste management strategy should include short

erm actions for immediate implementation, and
a phased approach to longer term actions. An example
of such a phased approach is shown in Figure 3.

Following a series of well publicised incidents of
waste export and attempted dumping, the world
community moved to prevent such trade as far as
possible.

In May 1989, 116 countries signed the Basel
Convention on the Control of Transboundary
Movements of Hazardous Wastes and their Disposal,
and this Convention came in to force during 1992.

Appendix E shows the main features of this
Convention, which—in addition to regulating the
transport of wastes—requires that less waste be
produced and that any remaining residues be disposed
of as close to the place of production as possible.

A secretariat based in Geneva has the responsibility
for monitoring the implementation, and of advising
countries about the practical measures they can take.

Taining of national personnel is an important
aspect of the implementation of the Basel
Convention. UNEP IE/PAC, together with other
organisations such as ISWA, commenced a series of
training workshops in countries around the world.

Workshop themes ranged from policies and strategies
to technical themes of landfill, treatment and disposal.
In order to extend training opportunities to the largest
possible audience, a training manual on Hazardous
Waste Policies and Strategies has been prepared for
use by other institutions. The manual consists of a
country case study, followed by over 80 practical
exercises on a range of technical subjects.

A second manual on Landfill of IndustrialHazardous
Waste has also been produced.

aining is also important for waste prevention.

Here, it is particularly the waste generators who
must be influenced, so the target audience is much
broader than just waste managers. It is important to
include the strategic areas of industrial planning,
product design, etc. Professional awareness and under-
graduate education are two key areas to be addressed.
Specific prevention skills must also be developed; for
example, through waste reduction auditing (see
Reference 12).
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number of interrelated measures are needed for
ffective control of hazardous waste.

These measures can be combined into a strategy
which is implemented in an evolutionary manner.
Prior assessment of environmental impacts and of
waste sources is essential for such a strategy to be
correctly focused on the major environmental
problems.

Waste minimisation through the concept of cleaner
production is an essential element of a strategy. A
number of international organisations such as UNEP
and ISWA have prepared information and training
materials to help national authorities pursue effective
action programmes.

International aspects of such programmes includes the
control of transfrontier transport of wastes.

Figure 1:

Example of a hazardous waste strategy

Legislation
Policies
Waste production
Licensing of facilities
Surveillance, Enforcement
Hazard abatement powers
Site reclamation

Data collection

Power to operate facilities

Support
Services

Emergency response
Technical services, Research
Training Extension and Advisory

Management services
Monitoring, Data processing
Information, Education
Public review

Facilities
Disposal methods
Disposal arrangements
Facilities

(storage, treatment, disposal)
New facilities

Upgrading of existing locations
Ownership
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Source: State of Victoria, Australia, 1985
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Figure 2: Hazardous waste handling operations

Waste
avoidance

Direct Waste 3 > Recovery
recycling generator Re-use

In-house
storage
Interim

storage

Final disposal

G

Source: Safe Disposal of Hazardous Wastes: The Special Needs and Problems of Developing Countries,
World Bank/WHO/UNEP, 1989
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Figure 3:

Example of the evolution of a waste management strategy
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Figure 4: Example of a

hazardous waste manifest

ey

Tt

H

Waste Producer

Certificate 1
Certificate 2
Certificate 3
Certificate 4
Certificate 5

Forwarded to the EPA by the Waste Producer
Retained by the Waste Producer

Forwarded to the EPA by the Site Attendant
Retained by the Disposal Site Attendant
Retained by the Waste Transporter

Waste Disposal

Source: EPA, Victoria, Australia

Table 1: Hazardous waste treatment and disposal technologies
General division Subdivision i
Recycling « Gravity separation « Solvent extraction
« Filtration ¢ Chemical regeneration

e Distillation

Physical chemical

* Neutralisation
 Precipitation/Separation

Detoxification (chemical)

Biological * Aerobic Reactor e Soil Culture
* Anaerobic Reactor
Incineration » High temperature « Co-incineration
* Medium temperature
Immobilisation ¢ Chemical fixation « Stabilisation
+ Encapsulation * Solidification
Landfill « Secure landfill » Co-disposal
« Normal landfill
Offshore * Ocean incineration « Export

¢ Ocean dumping

213
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Table 2: Disposal technologies for industrial wastes
Treatment: | Immobilisation
Recovery Incineration physical, Chemical Landfill
chemical, fixation
biological Encapsulation
Effluents, washwaters XXx
Acids, alkalis XXx
Heavy metals XXX XXX residues
Toxic inorganics XXX XXX residues
Reactive wastes XXX
Non-toxic inorganics XXX XXX
Solvents, oils XXX XXX
Resins, paints, organic sludge XXX XXX
Organic chemicals XXX XXX XXX
Pesticides XXX XXX
PCBs, chlorinated XXX
hydrocarbons
Putrescible, biodegradable XXX XXX
wastes
Source: EPA, Victoria, Australia.
Table 3: Aspects of hazardous waste legislation
Purpose and Scope
Public Health Raising Funds Control of Operations
Pollution Prevention : Empower a Corporation Establish Liabilities
Workplace Safety Coordinate Agencies
Type
Framework Law Complementary Laws on Hazardous Waste
(enabling legislation) Waste Provisions in other Laws
Subordinate Law Subordinate Regulations
Primary Laws on Hazardous Waste Schedules
_ Application
Waste Handling Waste Information
Chemical Use Treatment/Recycling Definitions Measurements
Waste Generation Disposal Assessments/Studies Training
Storage Dumping Research
Transport Clean-Up
Instruments
Notification Orders to Act/Not to Act  Standards Release of Information
Certification Bans Guidelines/Codes/Policies Assistance Measures
Labelling Licensing/Permitting Monitoring Fiscal Measures
Fiscal Measures
Fees and Charges Compensations Fines
Tax Concessions Subsidies Levies
Powers _
Obligations Offences Giving Directions/Orders Right to Know
Responsibilities Authorisations/Delegations Right of Refusal Right to Secrecy
_ ' Enforcements
Which Agencies Possible Conflict of Interest
Extent of Proof (self licensing of agencies)

Note: This list is not exhaustive
Source: Hazardous Waste Policies and Strategies—a training manual, UNEP/IEO [1991].
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Table 4: Option menu for organisational measures for waste minimisation, recovery and disposal
Waste Avoidance/Reduction Waste Recycling/Recovery
EIA to screen industries As for ‘Waste Reduction’ plus—
Publish technical guides
Prepare consultant roster
Employ extension staff Set up a waste exchange
Employ PR staff Government purchase of recycled materials

Give incentives, publicity

Speak at business meetings

Work with some plants as case studies
On-line access to ICPIC

Publish cleaner production information

Tax reduction for recycling plant

Agriculture Dept. to collect pesticides
Health Dept. to collect medical wastes and drugs

Collection/Transport Treatment/Disposal
Voluntary waste manifest Special treatment at sewage works or municipal depots
Driver training programme Selected, supervised co-disposal

Simple immobilisation
Use of local cement kilns

Storage at municipal depots Extension staff
Government vehicles for some collection
Evaluation Communication

Monitor industrial waste at dumpsites

Factory inspections

Establish an interdepartmental group to collect data
Start simple surveys

Print a regular waste bulletin

Attend industry meetings

Brief politicians on waste problems
Publish educational features in newspapers
Work with technical schools

Note Many other initiatives can also be developed. A supplementary exercise could be to list some possible

additions to this table.

Source: Hazardous Waste Policies and Strategies—a training manual, UNEP/IEO [1991].

Table 5:

Some factors encouraging waste minimisation by the generator

Technical

Legislation/Policy

New processes available
New chemicals available
New plant installed

Bans on specified wastes or raw materials
Limits on waste production
Compulsory waste audits

stock

Improved product design ‘Waste minimisation is criterion in plant permits
New raw materials 1a( nt
| Operational Waste minimisation policy adopted
Regular maintenance of plant Staff incentives for minimisation
Trained operators Operational directives
Printed company directives on minimisation Waste audit procedures
Area set aside for collection and recovery Positive publicity
Avoid over-ordering Public scrutiny
Storage areas kept safe Regular monitoring
Disposal Economic
Lack of disposal sites High disposal fees
Pre-treatment by generator required by authorities High dumping fines
Chemical supplier obliged to accept return of surplus | High chemical costs

Informational

Incentives for new plant

Technical information is readily available
Discussion at business meetings

Consulting expertise is available
Training venues are organised

Note Many other arrangements could also be developed. A supplementary exercise could be to list some possible

additions to this table. ,

Source: Hazardous Waste Policies and Strategies—a training manual, UNeP/iEO [1991].
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Audit
Chemical Fixation

Clean Production

Clean
Technologies

Corrosive

Disposal
Disposal Facility
Dump

Environment

Flammable Liquids

Hazardous

Hazardous Waste

Landfill
Leachate
Management
Manifest
Minimisation
Off-Site

On-Site
Pre-Treatment

Reactivity

A systematic check of relevant aspects of an operation. Audits may include energy, wastes,
or a full environmental audit of all matters that influence environmental performance.

A process whereby waste is bonded chemically to a stable inert matrix.

A concept of industrial production which minimises all environmental impacts through
careful management of resources use, of product design and use, systematic waste
avoidance and management of residuals, safe working practices, and industrial safety.

Production processes or equipment with a low rate of waste production. Treatment or
recycling plants are not classed as clean technologies.

Ability to damage or destroy organic tissues or other materials by chemical action.

The discharge of deposit of waste into the environment, or the complete destruction of
waste without residue.

A plant or structure used for the destruction, removal and disposal of waste materials.
Recycling plants are sometimes included under this definition.

An uncontrolled disposal site where no attention is given to safety or environmental
factors.

The physical factors of the surroundings of human beings including the land, water,
atmosphere, climate, sound, odours, tastes; the biological factors of animals and plants and
the social factor of aesthetics.

Liquids with a flashpoint below 61°C when determined by the methods designated by the
Institute of Petroleum, England.

Harmful or dangerous.

Any waste containing significant quantities of a substance which may present danger—

* to the life or health of living organisms when released into the environment;
« to the safety of humans or equipment in disposal plants if incorrectly handled.

Hazardous properties include toxic, carcinogenic, mutagenic or teratogenic characteristics,
as well as flammability, chemical reactivity or other biologically damaging properties
(including radioactivity).

A controlled site for disposal of wastes for land, run in accordance with safety and
environmental requirements laid down by a regulatory authority.

Liquid which has percolated through or drained from waste material and which contains
soluble components of the waste.

Effective control of activities involving waste materials. Cradle-to-grave management
involves the supervision of all phases in the life cycle of a waste material.

A certificate or trip-ticket, usually comprising multiple copies, which accompanies a load
of transported waste so as to verify that it has reached its intended destination.

Actions to avoid, reduce or in other ways diminish the hazards of waste at their source.
Recycling is, strictly speaking, not a minimisation technique but is often included in such
programmes for practical reasons.

Away from the site of production of waste.
On or adjacent to the site of production of waste.

Initial treatment of waste materials to make them safe to handle, or precondition them for
subsequent processing or disposal.

The potential of a substance to release energy by decomposition or by combination with
other substances.
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Recycling

Risk
Secure Landfill

Stabilization

Toxic Substance

Treatment

Waste

The retrieval of materials or products either for re-use in their original form, or for re-
processing into products of similar composition.

The chance of injury or loss, or of a hazardous event occurring.

A site chosen and prepared so as to ensure very high retention rates of wastes deposited
there.

A general and non-specific term describing a chemical transformation to a more stable, or a
less soluble, form.

Any substance producing a harmful effect on living organisms by physical contact,
ingestion or inhalation.

A change in the composition or concentration of a waste substance so as to make it less
hazardous or to make it acceptable at disposal facilities. Sometimes treatment can result in
complete elimination of waste components. It is then also a disposal technique.

Any matter prescribed to be waste under national legislation, any material listed as waste in
appropriate schedules, and in general, any surplus or reject material that is no longer useful
and which is to be disposed of.
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vi
e
Y3

Y4

Y5

Y6

Y7
Y8
Y9
Y10

y11
Y12
Y13
Y14

v15
Y16
Y17
y18

vi9

v41i
v42
- Y43
Y44
¥45

Waste Streams

Clinical wastes from medical care in hospitals, medical centres and clinics.

Wastes from the production and preparation of pharmaceutical products.

Waste pharmaceuticals, drugs and medicines.

Wastes from the production, formulation and use of biocides and phytopharmaceuticals.

Wastes from the manufacture, formulation and use of wood preserving chemicals.

Wastes from the production, formulation and use of organic solvents.

Wastes from heat treatment and tempering operations containing cyanides.

Waste mineral oils unfit for their original intended use.

Waste oils/water, hydrocarbons/water mixtures, emulsions.

Waste substances and articles containing or contaminated with polychlorinated biphenyls (pcbs) and/or
polychlorinated terphenyls (pcts) and/or polybrominated biphenyls (pbbs).

Waste tarry residues arising from refining, distillation and any pyrolytic treatment.

Wastes from production, formulation and use of inks, dyes, pigments, paints, lacquers, varnish.

Wastes from production, formulation and use of resins, latex, plasticizers, glues/adhesives.

Waste chemical substances arising from research and development or teaching activities which are not
identified and/or are new and whose effects on man and/or the environment are not known.

Wastes of an explosive nature not subject to other legislation.

Wastes from production, formulation and use of photographic chemicals and processing materials.
Wastes resulting from surface treatment of metals and plastics.

Residues arising from industrial waste disposal operations.

Waste havlng_;_ as constituents—

Metal carbonyls.

Beryllium; beryllium compounds.

Hexavalent chromium compounds.

Copper compounds.

Zinc compounds.

Arsenic; arsenic compounds.

Selenium; selenium compounds.

Cadmium; cadmium compounds.

Antimony; antimony compounds.

Tellurium; tellurium compounds.

Mercury; mercury compounds.

Thallium; thallium compounds.

Lead; lead compounds.

Inorganic fluorine compounds excluding calcium fluoride.
Inorganic cyanides.

Acidic solutions or acids in solid form.

Basic solutions or bases in solid form.

Asbestos (dust and fibre).

Organic phosphorous compounds.

Organic cyanides.

Phenols; phenol compounds including chlorophenols.
Ethers.

Halogenated organic solvents.

Organic solvents excluding halogenated solvents.
Any congenor of polychlorinated dibenzo-furan.

Any congenor of polychlorinated dibenzo-p-dioxin.
Organohalogen compounds other than substances referred to in this Annex (e.g. y39, y4l y42, y43, y44).
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_______questionnaire: tabl

(See Annex V of this manual for the complete questionnaire)
National Profile
Background on Industry
Background on Specific Activities
Background on Employment
Background on Environmental Problems
Environmental Problems due to Hazardous Wastes
Background on Environmental Sensitivity
Background on Waste Classification
Table 1 Hazardous Waste Generation
Table la Hazardous Wastes Generation Rates
Table 1b Hazardous Wastes from Other Sources
Table Ic Other Waste from Industrial Sources
Table 1d Hazardous Wastes (as per Basel Convention)
Table le Other Waste from Industrial Sources
Table If Other Waste Types
Table 2 Hazardous Waste Treatment and Disposal
Table 2a Waste Treated and Disposed of On-Site by Industry
Table 2b Fate of Common Industrial and Other Residues
Table 2c Fate of Waste Streams Listed in the Basel Convention
Table 2d Disposal Facilities Available
Table 2e Waste Minimisation and Recycling
Table 2f Disposal Facilities Available (Basel Convention)
Table 2g Waste Management and Services Available
Table 2h Hazardous Wastes Transport
Table 3 Regulations and Discharge Standards
Table 3a Principal Laws and Regulations
Table 3b Standards Applying to Environmental Media
Table 3c Controls on Landfill and Other Solid Waste Disposal
Table 3d Standards on Treatment and Disposal of Wastes
Table 3e Controls on Treatment and Disposal Operations
Table 3f Standards or Controls Applying to Specific Industries
Table 3g Important Policy Considerations
Table 4 Implementation
Table 4a Administrative and Operational Responsibilities
Table 4b Inspection Services
Table 4c Monitoring and Surveillance
Table 4d Studies and Research
Table 4e Support Services
Table 4f Key Player Analysis
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Introduction

General provisions

1 Definitions

2 General principles

3 Non-discriminatory control of hazardous
wastes

4 International cooperation

5 Transfer of technology

6 Transfer of transformation of pollution.

17 Transfrontier effects: consultation

18 Transfrontier effects: equal access and
treatment.

IV Monitoring, remedial action and record

keeping

19 Monitoring
20 Public access to information.

Safety and contingency planning

Generation and management of hazardous
wastes

7 Preventive measures
8 Establishment of competent authorities.

21 Instruction of workers
22 Contingency plans
23 Contingency plans: transfrontier effects.

IV Transport of hazardous wastes

i

Control over disposal of hazardous wastes

9 Disposal for hazardous wastes

10 Separation of hazardous wastes

11 Collection of hazardous wastes

12 Duty to ensure safe disposal

13  Use of best practicable means

14 Approved sites and facilities

15 International listing of approved sites and
facilities

16 Transfrontier effects of approved sites and
facilities: pre-authorisation information

. 24 Transport rules
25 Transport documentation

26 Notification and consent procedure in respect
of transfrontier movements of hazardous
wastes

27 States of export to readmit exports

28 States to cooperate in the management of
hazardous wastes.

VIl Lability and compensation

29 Liability, insurance and compensation for
damage caused by hazardous wastes.
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The full text of the Basel Convention is found by consulting the references. Some key points are summarised
below.

1 A signatory State cannot send hazardous waste to another signatory State that bans imports of it
or to any country that has not signed the treaty.

2 No signatory country may ship hazardous waste to another signatory State if the importing
country does not have the facilities to dispose of the waste in an environmentally sound manner.

Every country has the sovereign right to refuse to accept a shipment of hazardous waste.

Before an exporting country can start a shipment on its way, it must have the importing
country's consent in writing. The exporting country must first provide detailed information on
the intended export to the importing country to allow it to assess the risks.

5 The treaty asks that less hazardous waste be generated and what is generated be disposed of as
close to its source as possible.

6 Where an importing country is unable to dispose of legally imported waste in an
environmentally acceptable way, then the exporting State has a duty either to take it back or to
find some other way of safely disposing of it.

The treaty states that ‘illegal traffic of hazardous waste is criminal’.

8 Shipments of hazardous waste must be packaged, labelled, and transported in conformity with
generally accepted and recognised international rules and standards.

9 Bilateral agreements may be made by signatory States with each other and with a non-signatory
country, but these agreements must conform to the terms of the Basel treaty and be no less
environmentally sound.

10 As authorities in many countries frequently do not have trained specialists and technical know -
how about hazardous waste and how to handle it efficiently, the treaty calls for international
cooperation on the training of technicians, the exchange of information, and the transfer of
technology.

11 The treaty sets up a secretariat to supervise and failitate its implementation.

12 Signatory parties will report annually informaton about transboundary movements of hazardous
wastes in which they have been involved. -
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Cleaner Production Programme

leaner Production is a comprehensive, preventive

approach to environmental protection. It requires
people to investigate all phases of manufacturing
processes and product life cycles, including product
usage in offices and homes. Cleaner production
encompasses such actions as energy and raw material
conservation, eliminating toxic substances (as raw
materials and as product constituents), and reducing
the amount of wastes and pollutants created by
processes and products, thereby lowering the amounts
emitted to air, land and water.’

UNEP IE/PAC’s Cleaner Production Programme has
roots that date back to activities in the mid-1970s on
low- and non-waste technologies. The Programme
was formalised in 1989, in response to directives
issued by the UNEP Governing Council that year. The
Programme was officially launched in 1990 at the
Canterbury Seminar in the United Kingdom. And in
1991, directives of the UNEP 16th Session Governing
Council effectively institutionalised the Programme.

The objectives of the Cleaner Production Programme
are—

* to increase worldwide awareness of the preventive
environmental protection strategy embodied in
cleaner production

and

* to help government and industry develop cleaner
production programmes and activities that will
expand the adoption of cleaner production know-
how, technology and management approaches.

The objectives are met by carrying out activities under
several closely related programme elements—

* Training and Technical Assistance

Workshops and seminars for government, industry
and academia increase awareness and prompt
action, educate people and help develop cleaner
production programmes. Upon the requests of
governments, the Programme can help by
fostering links between experts, launching
demonstration projects; promoting national and
local activities; and providing expertise for audits.

* Publications

The Programme offers documents that help
disseminate information and experience. They
include the Cleaner Production Newsletter;
specific documents such as Cleaner Production
Worldwide, Packaging and the Environment,
Audit and Reduction Manual for Industrial
Emissions and Wastes, and the Industry and
Environment Review.

*  Working Groups

The Working Groups provide input on the
direction of the Programme, facilitate the
collection of information and its dissemination,
and review ongoing activities. Specific industry
working groups include leather tanning, textiles,
metal finishing, pulp and paper, cleaner products
and biotechnology. Other working groups are
education and policies strategies, and instruments
to promote cleaner production.

* The International Cleaner Production
Information Clearinghouse (ICPIC)

This is an electronic system accessible to anyone
with a personal computer, a modem,
communications software and access to a
telephone line. The system contains information
that explains and illustrates the cleaner production
concept, and ‘points’ users to more specific
sources of information. '

For more information, contact—

The Cleaner Production Programme
UNEP IE/PAC

39-43 Quai Andre Citroen

75739 Paris Cedex 15

France

Tel 33144371450
Fax 33144371474
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’I‘hese technical guidelines are principally meant to
provide guidance to countries who are building
their capacity to manage waste in an environmentally
sound and efficient way and in their development of
detailed procedures or waste management plan or
strategy. They should not be used in isolation by the
competent authorities for consenting to or rejecting a
transhoundary movement of hazardous wastes as they
are not sufficiently comprehensive for
environmentally sound management of hazardous
waste and other waste as defined by the Basel
Convention. These technical guidelines concern waste
generated nationally and disposed of at the national
level, as well as waste imported as a result of a
transboundary movement, or arising from the
treatment of imported wastes.

It is necessary to consider this document in
conjunction with the Framework Document on the
preparation of technical guidelines for the
environmentally sound management of wastes subject
to the Basel Convention (UNEP document Na.93-7758
of 19.07.93) adopted provisionally by the first meeting
of the Conference of the Parties. In particular, special
attention should be given to the national/domestic
legal framework and the responsibilities of the
competent authorities.

These guidelines are meant to assist countries in their
efforts to. ensure, as far as practicable, the
environmentally sound management of the wastes
subject to the Basel Convention within their national
territory and are not intended to promote
transboundary movements of such wastes.

1 These technical guidelines provide general
guidance on specially engineered landfills used
for the wastes which exhibit one or more
hazardous characteristics. The technical
guidelines also discuss the landfilling of other
wastes, as defined in the Basel Convention, e.g.
collected from households, to provide a more
comprehensive picture on environmental and
health problems arising from landfills. In
addition to the requirements for establishing new
landfills, the technical guidelines also consider
the critical issue of existing or abandoned
landfill sites which require strict control,
monitoring and often remedial measures. They
provide general guidance as to which hazardous
wastes would be suitable for landfilling.

2 Landfill is by far the most commonly practised
waste disposal method in the majority of
countries. It lis the descriptor used for the
placement of wastes into or onto the ground and,
in many cases because of the nature of the
materials involved, equates to long-term storage.

3 As a result of serious environmental and health
problems experienced with historic and
abandoned dump sites and the very high costs
associated with cleanup measures at
contaminated sites, many countries have
introduced the ‘specially engineered landfill

concept’, the wastes for which are only
consigned to sites selected for their containment
properties, these being natural, augmented by or
provided directly by liners. The overall
engineering being such as to ensure as far as
possible the isolation of wastes from the
environment. Such landfills are considered a
final resort option only to be used after every
effort has been made to reduce, mitigate or
eliminate the hazards posed by such wastes.

4 Reducing dependence on land disposal through
waste prevention, minimisation and other
technical possibilities represents the first choice
in the hierarchy of hazardous waste management
options. Chapter 20 of UNCED Agenda 21
stipulates that prevention of the generation of
hazardous wastes and the rehabilitation of
contaminated sites are the key elements for
environmentally sound management, and both
require knowledge, experienced people,
facilities, financial resources and technical
scientific capacities. In this regard a
precautionary approach. should be applied to
landfill disposal. Such approach could be
summarised as follows:

Environmental protection should be
undertaken whereby preventive measures are
taken when there is reason to believe that
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substances, waste or energy introduced into

the environment are likely to cause harm even ’

when there is no conclusive evidence to prove
a causal relation between inputs and their
effects.

5 While waste avoidance is clearly the preferred

management option, current patterns of waste
generation mean that landfill as a disposal
method will continue to be used. Many countries
are faced with starting ‘a hazardous waste
management programme with the existence of
unregulated dumping sites. They need in this
case to focus on immediate remedial measures
and improvements where these sites are
continuing to operate as well as considering
waste management strategies which should be
based on the concept of providing long term
security rather than short term expediency which
is inappropriate in respect of the landfilling of
wastes.

Short term actions must commence with a
thorough site investigation and assessment of
environmental impacts, the monitoring and
reporting of wastes received and any problems
caused by unregulated disposal. Some control

must be exercised at dumping sites while
simultaneously attempts are to be made to

upgrade the site.

Existing and ongoing landfills, where a
significant proportion of biodegradable or
bioconvertible materials is contained in the
wastes deposited, will benefit from improved
controls over the moisture content, pH,
compaction/density. These will allow for
improvement in the chemical and biochemical
degradation of the wastes leading to a more rapid
stabilisation of the mass. The tendency is to
increase pre-treatment processes prior to
landfilling. Useful technologies which are
increasingly used are solidification and chemical
fixation. Very soon after (or even better,
simultaneously) there should be an attempt to go
back to the source of the wastes to see if some
reductions cannot be made there. For many
wastes where there is no satisfactory disposal
option, source reduction provides the most viable
management action, this being especially the
case in small countries. In a number of countries,
landfill disposal is likely to be the only method
available for the disposal of significant quantities
of hazardous wastes.

8 Generally three situations are experienced
in practice:

Historic, closed sites: The management of any
problems associated with these will be
influenced by the level of knowledge regarding
inputs, past experience, when the site was
closed, those post the early 1960s having greater
problem potential, and what restoration and
aftercare measures, if any, were installed.

Historic, still operating: Here how problems
can be most effectively managed will be
influenced by such factors as the level of
knowledge in respect of previous inputs, when
licensing/authorisation systems providing for
improved controls and improved management
regimes were put in place, pre or post the early
1960s, changes in the nature of input, etc.

Green Field sites: These are set up according
to waste being handled and will be the subject of
appropriate licence/authorisation conditions,
which produce where appropriate for phased
restoration, and operated under quality assured

management regimes should present minimal
operational, restoration and aftercare problems.

3.1

Specific operational types of landfill

10

Containment sites

These include those affording material
containment are frequently found in naturally
occurring clay deposits, involving the filling of
the void spaces created by the extraction of clay
for brick making or cement manufacturing.
Those with engineered liners augmenting or
substituting for natural containment. In both
these cases it is also common to install liquid
collection system below and above the liners so
that any leachate which leaks through or is
retained on them can be recovered.

Those providing for attenuated release

Here the underlying natural or, artificially
engineered strata provides an unsaturated zone
which allows for physical, chemical and
biochemical attenuated release processes to

w .
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11

occur. The result of these minimising the
pollution potential of any leachate and allowing
the capacity of the recipient environment to
accommodate any released species not to be
exceeded. There are parallels here with the
recipient-environment’s ability to accommodate
the fluxes of material arising for the weathering
and exposure to water flow of naturally
occurring materials.

In the context of this paper a specially
engineered landfill is seen as one customary
providing for containment; having such features
as installed drainage to recover any leakage,
providing for leachate management including
recirculation and gas control systems where
appropriate. Also almost certainly operating on a
cell system employing progressive restoration.
Successful containment is achieved through [a]
the selection of a suitable site, [b] high standards
of operation, and [c] a strict selection and/or pre-
treatment of the wastes to guarantee (by way of
their chemical properties) a long term
minimisation of releases to the environment.

32

Specially engineered landfill

12

This form of landfill however, which provides
the means for the controlled deposit of wastes on
land is sometimes the only practicable disposal
option for wastes, in particular for hazardous
wastes. In principle, and for a defined time
period, a landfill site can be engineered to be
environmentally safe subject to appropriate
siting, proper precautions and efficient
management. Preparation, management and
control of the landfill must be of the highest
standard to minimise the risks to human health
and the environment. Such preparation,
management and control procedures should
apply equally to the process of site selection,
design and construction, operation and
monitoring, closure and post closure care.

33

Operational methods

13

There are a number of different ways of
depositing hazardous waste in a landfill. Each

,has advantages and disadvantages.

14

16

17

Any landfilling of hazardous waste poses a
potential threat to human health and the
environment, and must therefore be undertaken
with great care. A high level of technical
competence is required in designing, operating
and monitoring the site.

Wherever possible, hazardous wastes should be
pre-treated to render them less hazardous or inert
before landfilling. Many pre-treatment
possibilities are available, and a discussion of
them is beyond the scope of this paper.
However, the most widely used pre-treatment is
incineration.

Two specific ways of landfilling hazardous
waste are mono-disposal and co-disposal:

* Mono-disposal means placing a single waste
stream (or closely related streams) either in a
landfill or in an individual cell in a landfill.
For non-degradable wastes this is, in effect,
permanent storage. For that reason, close
attention must be paid to the long term
engineering stability of the site, and to
precautions to be taken against the site being
accidentally breached. The consequences of
any release must be evaluated.

* Co-disposal uses the processes of degradation
of municipal waste to destroy or stabilise
hazardous waste. Eventually, after many
decades, such a site can become stable and
operate as permanent storage. However, the
reactions involved are complex and not well
understood. For that reason only wastes
which are amenable to destruction in this way
should be co-disposed, and comprehensive
monitoring of emissions from the site should
be undertaken during its active period.

It is strongly recommended that different wastes
should not be mixed in a landfill site unless some
significant reduction in hazard is expected to
result from their mutual interaction. Even then,
any such mixing should be carried out in a
controlled and monitored way.
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In assessing the risks associated with landfill
activities the landfill needs to be characterised in
terms of the factors which will affect the degree
to which human exposure may occur. In this
immediate and long-term
environmental impact assessment has to be
carried out as required under national
legislations or procedures. The environmental
impact assessment which is applied to ‘specially
engineered landfill’ should cover scoping,
objectives and policy making, assessment of
baseline status, identification, prediction and
evaluation of impacts on major and sensitive
components of the environment. Issues like long-
term impacts, aftercare management and long-
term land use policies should be considered. In
characterising the landfill, three important areas
can be identified:

* Wastes ‘involved; what type of wastes have
been or are being deposited and in what
quantities and forms? What are the disposal

methods employed? Also, any new waste

coming into the landfill should be sampled
and analysed.

‘s Chemicals involved; what chemicals are

present in the wastes and in what form and
concentration do they occur? Subsurface
conditions; what type of materials are present
below the landfill? -

» Control systems; for instance what type of
cover exists over the landfill, and what types
of leachate and surface run off controls are
present.

wastes which may or may not be restricted to
portions of the landfill area. In the case of
landfills that are still operating, a sampling and
analytical programme should be carried out for
any incoming wastes.

42

Subsurface and surface conditions

20

At many landfills no leachate controls were
implemented during landfill construction. In
these cases therefore the subsurface conditions
have to be generally defined by the local geology
and soil characteristics. Where liners and
leachate control systems were in place, they can
be effective in preventing groundwater
contamination. Most landfills are covered with a
temporary cover during operation, and final soil
or clay cover prior to closure or abandonment.
The presence of a clean cover over the waste can
reduce exposures via wind-borne dusts, erosion
of the contaminated deposit by surface runoff,
and by direct contact to persons using the site.
The cover may or may not be vegetated and °
maintained; factors which will have an effect on
the overall efficacy of the cover.

4.3

On-site and off-site exposure

41

Chemicals

21

In order for contaminants residing in a landfill to
have an impact on human health, there must
exist the potential for the chemical to come into
contact with individuals. This contact can occur
either as on-site exposures as a result of the
receptor entering the landfill itself, or as off-site
exposures as a result of chemicals migrating
from the landfill to off-site exposure points.

19

Typically, a large number of chemicals will be
present within a landfill. Unless specific
sampling has been carried out on the
contaminated materials, it will be very difficult
to determine exactly which chemicals are present
and at what concentrations they occur. In order
to provide analysis for sites where no sampling
has been done, it is necessary to outline groups
of indicator chemicals associated with different
waste streams. A procedure can be used with
estimation of the annual amounts of different
types of wastes deposited at the landfill and the
landfill volume utilised to provide
approximations of selected indicator chemicals
in the waste. This procedure must be modified to
account for the disposal of drummed and liquid

44

Pathways

22

23

The link between chemicals in the landfill and
the potential receptors constitutes an exposure
pathway. There are three essential components
of a pathway which must be present for the
pathway to complete:

e A chemical release mechanism

A transport route for chemicals to migrate to
an exposure point

* An exposure point, where human or
environmental exposures may OCCur.

The nature of a chemical release depends heavily
on the form and conditions in which the
chemicals exist in the landfill. Release

—  —————————————————— — ———+""—
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mechanisms are different for liquids in
containers losing their integrity than for
chemicals bound to soil particles by adsorption,
dissolved with residual soil moisture, or present
in perched groundwater within the landfill. Many
waste sites are characterised as having
contaminated soil areas where chemicals
previously released in liquid form are adsorbed
onto the soils and are released slowly by
leaching. A surface impoundment containing
contaminated liquids might release chemicals
through volatilisation to the atmosphere and by
infiltration of the contaminated liquids through
the unsaturated soil zone.

Often, on-site exposures are not the most
significant hazards associated with a site, since
site access is usually restricted to a point where
exposures are rather infrequent. Once the release
of chemicals has been evaluated, the next step is
to examine their transport to points where more
substantial evaluating chemical movement
through several media including transport routes
if dependent on both release mechanisms and
exposure points of concern. Exposure points may
be identified as points where individuals would
indicate the. likelihood for future contact.
Common exposure points evaluated at waste
disposal sites include nearby water supply wells,
points of discharge of groundwater to surface
waters, local surface waters used recreationally
or as drinking water supplies or as a source of
fish, and property boundaries or nearest
residences where population may be exposed to
airborne contaminants.
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Potential exposure pathways
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There are many pathways by which exposure to
wastes in landfill can occur. Experience with
site-specific risk assessments based on
exhaustive site investigations in the usa has
shown that it is common to find upwards of 95%
of the exposure associated with a particular site
attributable to one exposure pathway.
Identification of applicable exposure pathways
begins with the identification of possible release
mechanisms for wastes contained in the landfill.
These include:

e Leachate production; chemicals may leach
from soils and wastes contained in the landfill
and be carried out of the contaminated area
via percolating water.

» Contaminated surface runoff; chemicals may
leach from soils and wastes contained in the
landfill and be carried out of the contaminated
area via percolating water.

* Contaminated surface runoff; chemicals may
leach from soils and wastes and be carried by
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surface runoff. Surface runoff may also carry
contaminated soils as suspended particulates.

* Gas production; gases produced within the
landfill may migrate due to pressure gradients
carrying volatile chemicals outside the
contaminated area.

* Volatilisation; volatile chemicals may be
given off directly into the atmosphere.

* Dust emissions; wind-borne particulates may
carry absorbed chemicals.

Persons who come into direct contact with the
landfill may carry away contaminated material
on their skin and clothes.

Landfill operations should be part of an
integrated overall system of waste management
which include the steps involved in a ‘cradle to
grave’ and ‘after disposal care’ approach.
Residuals from treatment process or disposal
operations that are not discharged as treated
effluent or emissions to the environmental media
and which are still hazardous are deposited in a
specially engineered landfill. All landfill
operations require careful planning in advance of
the first deposit of waste. How a landfill is
operated determines to a large extent the
environmental effects. One basic factor
influencing the planning of site operations is the
nature and quantity of incoming waste. Figure /
provides for a typical operational plan for
landfill site (from UK Department of the
Environment, Waste Management Paper No 26).

The major disadvantages of landfill disposal
include:

e The potential risks for polluting water
resources

» The potential risks of contaminating the soil

* The generation of landfill gas i.e. methane
and carbon dioxide

* Potential human exposure to volatile
chemicals

« Destruction of natural/virgin sites

* Long term and cost intensive clean-ups
remediation and monitoring (aftercare, close-
up).

Landfill has several advantages:

+ Landfill can represent a long-term storage
method

+ It is not an unduly capital intensive disposal
method over time, although setting up costs
could be high

 Itis widely available
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* It is comparatively insensitive to day-to-day
variations in the quantity and nature of the
wastes deposited

e It is appropriate in a wide range of
circumstances (i.e. equipment, technology
and skills are available virtually worldwide at
local levels).

Proper site selection, design of the landfill,
control and management of operations, control
on input waste, installation of appropriate means
for avoiding leachate outside the fill and
reducing escape of landfill gas would be
necessary to minimise the potential harmful
effects of a landfilling on public health and the
environment and minimisation of free ! liquids
placed in the landfill as well as minimisation of
precipitation and run-on into the fills is achieved.

As stated earlier, specially engineered landfills
could be used as a disposal option for selected
hazardous wastes provided adequate safety
measures including pre-treatment of the waste in
question are being taken to protect human health
and the environment, and minimisation of free
liquids placed in the landfill as well as
minimisation of precipitation and run-on into the
landfills is achieved. There are, however, a
number of hazardous wastes for which landfill
disposal is not appropriate and cannot be
recommended;

+ liquids and materials containing free liquids;

« highly volatile and flammable liquid wastes;
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* wastes containing mineral oils;

* spontaneously flammable or pyrophoric
solids;

* clinical wastes (such as infectious wastes,
sharps etc.)

* persistent organo-halogen compounds;

¢ strongly smelling materials;

 volatile materials of significant toxicity;

* substances that react with water, air or dilute
acids and alkalis to produce hazardous gases
or hazardous reactions;

* concentrated acids, alkalis;

* empty containers unless they are crushed,
shredded or similarly reduced in volume.

At most landfills it is also best to avoid the
deposition of significant quantities of soluble
materials that are not, or are only slowly
bioconvertible. Similarly, the deposition of
chelating agents that can solubilise heavy metals
should be avoided.

| Free liquid means uncombined or interstitial liquids.
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Figure 1

Typical operational plan for landfill site
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5.1

General consideration
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Liquids placed in a landfill can contribute
significantly to leachate generation. To minimise
this generation, it is recommended that liquids
and materials containing free liquids be excluded
from landfills unless provision is made for their
treatment within the landfill. This prohibition
should be extended to include liquids absorbed
in materials. At the pressures that could exist in
the depths of a landfill, liquids could be
‘squeezed out’ of the absorbent material to
become uncombined and unabsorbed liquids
(free liquid) once again. Dilution or blending of
a hazardous waste with a non-hazardous material
should not be permitted for the sole purpose of
diluting it to meet any specified consideration
limit.

Empty containers such as drums and canisters
should not be placed in landfills unless crushed,
shredded, or processed by some other means to
reduce their volume. This will eliminate the
chance of subsidence occurring in the completed
landfill due to collapse of the containers under
the pressures experienced after burial. If
subsidence were to occur, it could threaten the
integrity of the landfill cover which would then
require ongoing maintenance to ensure the
security of the landfill.

Consideration should be given to the
establishment of trace levels of organic
hazardous wastes, level of contaminants,
particularly halogenated organic compounds
which can be landfilled.

In principle, hazardous wastes to be deposited in
a landfill should receive treatment and/or
processing consistent with the best demonstrated
available technique appropriate to the type of
waste. The objective in applying such a
technique should be to minimise the potential
release of contaminants to the environment if the
security of the landfill system is breached. The
appropriate management methods and
treatment/processing technology that could be
applied to hazardous wastes could include:

+ reduction in waste volumes produced at the
source by installing modifications to the
industrial process producing the waste or
reduction in volume on the landfill site.

* recycling, recovery and/or reuse of various
components of the waste.
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* physical/chemical treatment for liquids solid
separation and detoxification.

* biological treatment for removal of
biodegradable/bioconvertible organic
components.

* solidification/stabilisation/fixation for
converting liquid wastes to solid form and for
encapsulating hazardous components, and

* thermal treatment for destruction of organic
wastes.

A number of technical measures which are
interdependent should be taken to mitigate the
impacts of landfill operations on the
environment and human health; they concern:

a Site selection. Landfills should be sited,
where possible to avoid the possibility of
groundwater pollution. Where this is not
possible, landfills should be designed and
constructed to prevent the migration of
leachate from the fill to groundwater.

b Design of operations. Landfills can be
designed and operated in ways that minimise
the generation of leachate, by for example
tipping vertically rather than horizontally, and
by the prompt application of appropriate
intermediate cover over the deposited waste,
graded to encourage runoff rather than
infiltration. Effective compaction of the
deposited waste is also important.

¢ Design of landfill and its proper engineering.

d Control on incoming waste. The amounts of
waste that directly increase leachate volumes
(e.g. wet wastes) should be reduced to a
practical minimum.

e Landfill closure. The final closure for the
landfill can be designed and laid in such a
way that infiltration of rainfall into the fill
will be greatly reduced.

f Careful construction and operation are
essential,

g Monitoring. A comprehensive programme of
monitoring will be required for all landfill
sites. It should cover inputs to, contents of
and emissions from the site and the
surrounding environment. It should be
designed to provide advanced warning of any
unexpected problems and guidance on
remediation possibilities. It should also
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indicate the point at which the landfill has
become stable.

b2

Site selection
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In selecting a site for the construction of, for
instance, a hazardous waste landfill, several
geographical and hydrogeological factors of the
location must be considered as well as several
potential sites. These factors will have a
significant bearing on the level of environmental
protection provided by the landfill.
Consideration on the future use of the landfill
area should be made. Geographical and
hydrogeological factors of a site will also
influence the design of the landfill including the
type of liner system drainage work, and
groundwater monitors installed.

In addition, the degree of urbanisation and its
proximity to a landfill site should be considered.
When an urban centre is near, extra effort must
be taken to reduce any social disturbances the
landfill may impose. Such disturbances include
impacts on the landscape and sewage systems
(contaminated by leachate, noise levels, odour
levels, vermins, scavengers) and traffic patterns.
Also, great care must be taken in developing an
emergency preparedness plan in the event of a
gas leak or other accident.

The site selection process for establishing a
hazardous waste landfill must address
geotechnical, land use, biological, socio-
economic (it is a widely held assumption that
public opposition to waste management facilities
has become one of the critical problems faced in
site selection), human and environmental factors.
In addition, the process must be carried out in
accordance with the environmental assessment
requirements specified by regulation or
legislation or any relevant jurisdictions.
Programme planning, for hazardous landfill sites
should be conducted in such a way as to involve
local communities and get their input into the
process.

With the general land area needs and locations
identified, approximate costs can be estimated.
These costs should include the costs of design,
operation, closure, aftercare, financial guarantees
for potential damage to third parties, and
remediation. Such costs and pertinent factors
such as ownership and social acceptability can
be used to make an informed decision whether a
site represents an economically viable hazardous
waste disposal option. If a positive conclusion is
reached, detailed technical, biological, social,
economical and political analysis of the feasible
site could be undertaken.

No site should be used for the landfill disposal of
hazardous wastes unless the geological and
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hydrogeological properties of the site have been
carefully investigated and found to offer
maximal safety for public health and the
environment. For instance, a hazardous waste
landfill should not be located in a floodplain or
be in contact with groundwater. The seasonal
height and flow of the groundwater should be
established so that the potential for water
contamination can be assessed and the location
of monitoring wells be established. The site
should not be in an area of seismic activity or an
area that includes cavities, faults or sinkholes.
The integrity of the landfill may be compromised
in such areas. The soils at the bottom of the
hazardous waste landfill site should be clays and
should be several feet thick and relatively
impermeable. Thickness of a clay liner of the
above dimension delays the problem of losing
the protective capacity of the landfill but will not
be sufficient to ensure full and complete
protection. If such clay soils are not available,
appropriate clays or materials may have to be
brought to the site to serve as liner material
and/or a synthetic flexible membrane liner will
have to be installed. Suitable soils should be
available as landfill cover material otherwise
appropriate soils will have to be brought to the
site. There is a concern over the long term
integrity, reliability and operability of liner
systems, leachate control systems, and other
engineered components of a landfill facility.
Both clay and synthetic liners can be damaged
during placement of the wastes. In addition, the
properties of clay and synthetic liners can be
altered by contact with certain wastes such as
solvents. The site should not be located where
normal runoff will inundate the site. Drainage
from the surrounding land should be diverted
around the site.

Appendices la and I1b to these guidelines
provide a description of the factors required to
select a site and the criteria for landfill site
selection. Appendix 1b is extracted from the
World Bank Technical Paper No 93 (see
Reference No 1).
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Design considerations
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Conceptually, there are two basic approaches to
the safe landfilling of problem waste: natural
attenuation and containment. In the first
approach, landfills designed to receive hazardous
wastes are located only in areas where
containment attenuation in the environment can
be achieved naturally. This approach allows for
the possibility of achieving a condition where
maintenance is not required over the long term.
The major disadvantage in the natural
attenuation approach is that it is based largely
upon the accuracy of predictions of the level of



43

LANDFILL OF INDUSTRIAL H AZARDOUS WASTES * ANNEX TII

protection provided by the natural environment.
Natural attenuation also requires the presence of
suitable hydrological and geological conditions.

In the second approach, reliance is placed on
engineered facilities rather than on natural
attenuation to protect the environment.
Typically, landfills designed using this approach
combine engineered liners, covers, leachate
and/or gas collection and treatment systems to
control the release of contaminants into the
environment. While engineered containment
reduces the potential risk associated with
contaminant migration into the environment,
questions remain concerning the integrity and
functionality of such systems over the long term.
The additional cost and responsibility associated
with the maintenance and operation of such
systems have to be accounted for.

Specially engineered landfill

45

For specially engineered landfill, receiving
wastes, in particular hazardous wastes, a
complete site assessment, including development
of a contaminant transport model, should be
conducted to estimate the potential
environmental impact of contaminant migrating
from the site at specific locations of concern
such as site boundaries and monitoring
installation. The landfill site would then be
designed in such a manner as to mitigate any
impacts identified in the environmental impact
assessment.

Safe landfill management requires the design of
a number of systems, the main purposes of
which are to control and minimise leachate,
runoff and landfill gas evaporation. The main
features of a specially engineered landfill
include:

Liner systems

After a landfill site has been selected, a system
to line the landfill must be chosen. The liner
system is the key to achieving the goal of landfill
management to insulate and prevent toxic and
other hazardous compounds from being released
beyond the confines of the landfill into the
environment. Increasingly, double and
sometimes even triple liner systems are being
selected with liquid collection systems above,
below and between liners. Choosing the liner
materials compatible with the wastes to be put in
the landfill is important. The estimated service
life of a liner in a particular exposure condition
is also an important factor in selecting a liner
material. A variety of complete systems for

-landfill liners and leachate removal have been

designed to protect the environment surrounding
the landfill site. The topic of landfill liner
systems and leachate control concepts has been
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the subject of considerable debate and as yet, no
consensus has emerged on what the preferred
approach should be in general and/or in specific
circumstances.

Lgachate control

As far as possible, leachate should be avoided. In
general, the composition of leachate will be
function of the types and ages of wastes
deposited, the prevailing physico-chemical
conditions, the microbiology and the water
balance of the landfill. The main components in
the leachate from landfill sites may be grouped
into four classes, as follows:

* major elements and ions such as calcium,
magnesium, iron, manganese sodium,
ammonia, carbonate, sulphate and chloride,

¢ trace metals such as mercury, chromium,
nickel, lead and cadmium,

* a wide variety of organic compounds which
are usually measured s Total Organic Carbon
(TOC) or Chemical Oxygen Demand (COD);
individual organic species such as phenol and
chlorinated organic compounds can also be of
concern,

* micro-organisms.

All household waste and most industrial waste
will give rise to leachate. Leachate monitoring
plays a central role in the management of
landfills. The long life of a properly operated
landfill, during which time significant changes
could take place in landfill practices and in the
character of the wastes deposited necessitates
monitoring to ensure that the measures taken for
environmental protection remain effective.
Leachate accumulated within a landfill or
collected from drainage systems designed to
protect surface waters may need to be disposed
of to the environment, and treatment may first be
needed to reduce its polluting potential (on-site
and off-site treatment may be necessary).
Leachate is collected in a drainage system, and
then exits the landfill. Depending on the nature
of the waste and the way the landfill is
constructed, the water picks up various
contaminants as it passes through the different
layers of the landfill. Rainfall, the absorptive
capacity of the wastes and the closure cover and
capping at the site are critical with regard to the
production and control of leachate. A drainage
and collection system for leachate must be
installed within the landfill that will allow
leachate to be pumped to the surface for
treatment prior to discharge to water systems.
Leachate collected from a problem waste landfill
should be examined if it exhibits hazardous
characteristics and be treated accordingly.
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Landfill gas

In the first instance, landfill gas should be
avoided as far as practicable as it represents a
potential risk to people. In this respect,
monitoring of landfill gas is most important in
particular for chlorinated hydrocarbons, mercury
and arsenic. If the specially engineered landfill
contains biodegradable/bioconvertible material,
measures are needed to allow for the collection,
venting, flaring or use of landfill gases that will
be produced. These gas control measures must
not impair the integrity of the isolation system.
Although landfill gas recovery is seen as one of
the end-of-the-pipe solutions to the problem of
escaping landfill gas such as methane, trends in a
number of countries is to discourage or prohibit
the landfilling of organic wastes so that any
future methane generation in the sites would be
minimal or negligible. It should be noted,
however, that landfill gas generation will
continue because a large volume of gas will
continue to be formed in existing landfills.
Landfill gas may contain up to about 60%
methane with the balance being about 40%
carbon dioxide with other materials present in
trace quantities. The rate of landfill gas
generation is very dependent on all the
circumstances, but modern landfill practice
requires that steps are taken to manage this
emission to prevent hazards and when viable
recover the gas for use as an energy source.
Depending on the nature of the gas released,
some form of gas treatment may be desirable.
Incineration should be employed if the gas is
rich in methane and/or volatile hydrocarbons.
Other gas treatments involve wet scrubbing if the
gas has a significant hydrogen sulphide content
or carbon absorption in relatively small amounts
of volatile hydrocarbons are present in the gas.
Gas samples should be obtained and where
possible the source ‘fingerprinted’ by
identification of constituents. By measuring gas
quality in cracks in the soil for monitoring
known or anticipated vegetation damage cause
by landfill gas. Gas migration control systems
should include the monitoring of peripheral
boreholes for landfill gas concentration; for more
details on monitoring see Appendix B (extract
from the 1986 Waste Management Paper No 26,
Landfilling Wastes, from the UK Department of
the Environment).

Security management
Access to the site should be strictly controlled.

- The general public should not normally have

access to a problem waste landfill site as is
sometimes the case with municipal landfills.
Both incoming and outgoing traffic should pass
through a single control point for manifest
verification, sampling and any other regulatory
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and administrative actions. A suitable buffer
zone should be provided around the perimeter of
the site, no development should occur near the
landfill (apart from buildings on the site). The
buffer zone could incorporate berms and/or trees
planted to serve as a visual screen and noise
barrier. It will also serve as a margin of safety
for neighbours in the event of an accidental
release of contaminants. The width of the buffer
zone and the visual/noise attenuation features to
be incorporated into it may vary according to
adjacent land use. The security of the site should
be maintained by a perimeter fence to keep out
unauthorised people as well as itinerant wildlife.
The fence should be posted with signs to identify
the site and warn trespassers to stay away. A
telephone number to contact in case of
emergency should be posted in an obvious place.

~ Closure of the site and long term care

The closure system .of a completed landfill
usually exhibits the following elements:

* vegetative cover (protection of the covering
soil from erosion, maximisation of the
evapotranspiration rate and landscape quality
maintenance)

* a top substrate (with surface drainage to
protect the sealing system from damage, frost,
etc.)

* asealing system to prevent infiltration
» gas and leachate drainage

* a levelling layer (compensating for the
irregularities of the waste surface).

Site monitoring

Site monitoring will consist of, inter alia, placing
monitoring boreholes to permit the selection of
landfill gas migration from the waste; wells may
be established for monitoring leachate quality
and levels; portable explosion-proof methane
detectors should be used. :

Monitoring is particularly important because it is
through long term monitoring, which may
continue for many years, that data is gathered to
verify the hydrogeologic assessment and permit
the final closure of the site. In order to serve as
the reference point for subsequent monitoring
efforts, the proposers of new sites should
conduct a thorough baseline profile for the
proposed site and immediate surrounding areas
prior to the establishment of the site. The
guarantee of long term care, until the site can be
finally decommissioned, is a particularly
difficult an d complex problem, depending on
site conditions this post-closure period could
well exceed 100 years. Specific closure
procedures should ensure that the long term
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integrity and security of the site is maintained.
The closure programme should be directed
towards minimising the need for maintenance of
the site after closure. The potential costs for long
term maintenance can be considerable and is an
important factor to take into account when
selecting a landfill concept. Prior to commencing
operation, some form of contingency financing,
which would also cover costs of remediation,
should be provided in the event that the integrity
of the landfill is breached and repairs are
required either during its active life or following
closure. The amount of financing required will
depend on the size of the landfill, the types of
wastes placed therein and pertinent site-specific
factors.
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Operations
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The successful implementation of a landfill for
the disposal of hazardous wastes hinges on strict
control over operating and monitoring
procedures. Basic elements of a quality control
plan include:

= a good definition of responsibilities for the
people involved in the planning,
authorisation, construction and management
of the landfill

 appropriate site working plan

» the qualifications of the workers operating the
landfill

* work inspection modalities

+ working inspection modalities for

construction materials

* documentation demonstrating that the
construction works have been carried out
under a quality control regime

* the preservation of all the information on the
quality control of the construction works

= the documentation of management activities
and types of wastes.

A number of essential administrative procedures
should be followed, such as procedures for all
operations at the landfill site should be included
in a comprehensive manual prepared specifically
for the facility; a waste materials inventory
control and record keeping system should
developed and rigorously followed at the site; a
comprehensive vehicle and equipment
maintenance manual should be prepared and
kept for all mobile and stationary equipment on
the site. The placement of hazardous wastes in
the landfill should follow the requirements set
forth in the landfill development plan. This
would give due consideration to the preferred
landfill concept, cell design including a leachate

control system, cell development, capping and
closure requirements. Placement of wastes must
also give due consideration to the segregation of
incompatible materials in order to minimise the
risk of dangers such as explosions, fires, and the
evolution of toxic gases. An emergency
procedures plan for dealing with all realistically
foreseeable mishaps at the landfill site which
could endanger human health or the environment
should be prepared and updated on a regular
basis. Examples of such incidents include fires,
explosions, accidental spills of contaminants in
non-active areas, and the generation of
contaminated runoff and/or leachate. Instruction
on the emergency procedures plan should be an
integral part of the training programme for all
employees at the landfill. The inventory of
equipment necessary for immediate response to
the mishaps outlined in the emergency
procedures plan should be kept readily available
at the landfill site. Equipment for medium and
long term response actions need not be
immediately available on site. However, the
emergency procedures plan should note specific
locations nearby where it can be obtained on
short notice. In this regard, the plan should be
prepared in consultation with community
emergency response authorities in the vicinity of
the landfill site. Copies of the plan should be
distributed to all nearby agencies such as police
and fire departments, provincial and municipal
emergency response teams which might be
called upon, and local hospitals.

5.6

Landfill costs and costs
for containment landfill
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Landfill costs (both high and low costs)

A study done in the United Kingdom on urban
and rural municipal waste disposal situation
indicated that:

Cost of land ranged between
..7 to 51 % of total cost per tonne
Fixed plant ranged between
..3 to 10 % of total cost per tonne
Site operauon ranged between
............... 18 to 47 % of total cost per tonne

Costs
Post-closure costs ranged between

51042 %
Based on margins .. .41020%

—with the total costs rangmg between £7.50 and
£22.50 per tonne, these being seen as set to rise
between £9.50 and £38.50 (1 UK£ = US$1.50
approximately).

In the case of the landfilling of hazardous wastes
into a proper engineered landfill site, the various
costs involved could be much higher.
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The cost elements in more detail are:

« cost of land which includes the capital cost of
land purchased, leasing costs and land use
royalties

+ fixed plant costs including site buildings,
fencing, access roads and stationary
equipment and machinery such as
weighbridges

« site operational costs which includes costs
relating to the ongoing activity of landfill
operations; e.g. labour, engineering,
administration costs, etc.

¢ post-closure costs which includes the actual
closure costs in addition to ongoing landfill
gas monitoring and leachate control,
reinstatement, general site maintenance and
aftercare as well as provisions for the future
liabilities or insurance premiums in relation to
this

¢ transport costs which include all haulage
related costs, both of a capital and revenue
nature, as well as costs associated with
transfer stations where applicable, and

* margin which is the element of profits from
the total price per tonne of landfill waste.

* Costs of environmental impact assessment
can be considerable for specially engineered

landjills.

Significant factors which will influence cost
elements

« If existing landfill facilities are short-lived,
demands for new sites in a region will be
higher as will be the operating costs for the
remaining input if tighter operating costs are
applied and if more post-operational
maintenance is required as a consequence of
planning and/or licensing or authorisational
conditions..

* The ease of development of voids impacts on
all identified cost elements except transport.
Additional planning requirements or higher
closure standards will increase the costs of
developing and operating the landfill. It
encompasses all aspects of administration for
the preparation of landfill sites, i.e. obtaining
planning permission and licensing
requirements.

* The ease of engineering which is partly linked
to the ease of development in that tighter
operating requirements will necessitate more
expensive or complicated engineering works
to ensure compliance with the conditions of
site licenses/authorisations.

55

56

* The proximity of the disposal site to the point
of waste arising which affects the transport
cost element, and

* Economics of scale which measures the
impact of changes in the overall volume of
waste to be disposed of on all cost elements
except transport rather than how costs per
tonne vary as a function of landfill site size.

Costs for containment landfill

Design requirements of a containment system is
the most costly form of landfill construction. The
principal components being as follows:

Liner

Leachate Collection System (LCS)

Recirculation system (where appropriate)
Landfill Gas Collection System

Cap

Environmental Monitoring System

Long term maintenance of all comfort systems

Base Area
£m?
Liner purchase;
transport, place and compact clay ........... 2.50
2.5mm HDPE, '
provide:and place ........civiainiaisensinasss 0.00

Leachate collection system,
herringbone HDPE pipe and drainage,

protection blanket ...........ccccoeeeerinrenicrinnans 2.50
Gas collection wells (say, 10m deep site) .... 1.00
Cap purchase; -

transport, place and compact clay ........... 2.50

....................................................... £14.50/m?

A recent costing exercise was carried out in the
United Kingdom on five rural dilute-and-
disperse sites of shallow depth 5-10m and
average waste inputs of between 80,000 and
200,000 tonness per annum. Estimates were
made of costs to build new cells in each site to a
full containment principle and to a specification
incorporating a composite liner.

In addition, operating costs were increased to
take account of a full Environment Protection
Act (EPA 1990) Specification, e.g. supervision
by a fit and proper person, Quality Assured (QA)
site management, full gate control, leachate and
gas removal and treatment, roads and security,
pest control and comprehensive environmental
monitoring. As the sites were of varying depths
and had different waste input characteristics, it
was found that the increase in total capital and
operating costs amounted to £4/t and £7/t. As it
now tends to be only the larger sites which can
afford the necessary development and
infrastructure investment it can be seen that for
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depths of between 20-40m, these increased costs
would be in the much lower range at £1-£2/t for
containment, a very small price to pay on the
overall costs of waste disposal.

Lateral containment

Gravel extraction operations suggested minimum
distance to housing creating void space for waste

Landfill operations suggested minimum distance
IO BOUSING +covvomvsonsesamsisssssnssossonsnsonssmmssessnss S IEMIL

Hence in general there would be at least 100m of
excavations around the property (and up to 250m
in some locations) which would not accept waste
for disposal.
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Within a comprehensive waste management
system, it should be possible to reduce to a
minimum the problem potential by pre-treatment
of the waste finally disposed of in a specially
engineered landfill. In relation to using specially
engineered landfill, it is important to consider
affordable techniques that correspond to the
needs and capacity of developing countries and
which are environmentally sound; assessment of
the environmental soundness of affordable
technologies should be a prerequisite.

Once site selection, design of the landfill and the
operative measures have been agreed upon, the
fundamental question of deciding which wastes
are acceptable for disposal in the hazardous
waste landfill remains to be answered. Although
site selection and design have taken due
consideration of the types of wastes that would
be disposed of at the site, rationale for
determining acceptability needs to be carefully

_thought of.

Some useful data which may be helpful in
establishing appropriate loading (input) rates can
be found in the European Commission (EC)
amended proposal for a Directive on the Landfill
of Wastes COM (93) 275, see Appendix C. In this
there are figures based on the use of a leachate
test to assess whether wastes are hazardous or
non-hazardous, the latter being disposable into a
wider range of disposal sites. The analytical
procedures proposed are based on [SO or DIN
tests; other methods are however considered
more appropriate in many circumstances and this
is recognised. Where hazardous (problem)
wastes are to be jointly disposed of in a
beneficially interactive mode with municipal
waste, a different approach is allowed for. This
is based on allowable inputs per ton of municipal
waste subjected to a number of qualifications. In
addition, limit values given in respect of heavy
metals and in some cases organic compounds in
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soil and sewage sludge in the EC Directive on
the Use of Sewage Sludge in Agriculture
(Directive 86/278/EEC) may also be found
helpful. See Appendix D.

On the basis of past experience the following
substances should as far as possible be prevented
from entering the water system:

"1 Organohalogen compounds and substances

which may form such compounds in the
aquatic environment.

2 Organophosphorous compounds.
3 Organotin compounds.

4 Substances which possess carcinogenic,
mutagenic or teratogenic properties in or via
the aquatic environment.

5 Mercury and its compounds.

6 Cadmium and its compounds.
7 Mineral oils and hydrocarbons.
8 Cyanides.

It would be important to limit the deposit of a
number of substances which represent a threat to
human health and the environment and are
susceptible of causing serious pollution of all
environmental media, such as:

1 Metalloids, metals and their compounds: zinc,
copper, tin, barium, nickel, beryllium,
chrome, boron, lead, uranium, selenium,
vanadium, arsenic, cobalt, antimony,
thallium, molybdenum, tellerium, titanium,
silver, biocides and their derivatives

2 Biocides and their derivatives

3 Substances which have a deleterious effect on
the taste and/or odour of groundwater, and
compounds liable to cause the formation of

241
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such substances in such water and to render it
unfit for human consumption

4 Inorganic compounds of phosphorous and
elemental phosphorous

5 Fluorides

6 Ammonia and nitrates/nitrites.

It should be noted that ammonia represents a
particularly serious and growing threat in terms
of water quality and pollution.
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Even the countries with years of experience in
the disposal of hazardous wastes in specially
engineered landfill are faced with great
difficulties in ensuring sound and efficient
disposal of such wastes.

Cooperation among countries is seen as an
essential element to aim at the environmentally
sound management of landfills. Training and
exchange/sharing of experience, and in particular
providing technical and financial assistdnce to
developing countries are considered as an
important part of the immediate and more long
term measures to take.

64 Chapter 20 of UNCED Agenda 21 recommends

that states through bilateral and multilateral
cooperation, including through the United
Nations and other relevant international
organisations, should:

a Identify, develop and harmonise
methodologies and environmental quality and
health guidelines for safe waste discharge and
disposal.

b Review and keep abreast of developments and
disseminate information on the effectiveness
of techniques and approaches to safe waste
disposal and ways of supporting their
application in countries.

65
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It can be seen from the foregoing material that

the setting up, operating and closing of any.

landfill requires a highly professional approach.
This is even more the case for specially
engineered landfills where up to 36 scientific and
technological disciplines may need to be
accessed in pursuit of an optimal
environmentally sound overall operation.

The essential core disciplines are seen as
geology, hydrogeology, civil and mechanical

engineering, chemistry and biochemistry, and
because active deposits are by way of being
macro reactors chemical and biochemical
engineering are also involved. It is this macro
aspect which makes the application of an
efficient unit operational process to landfill
difficult and as a consequence of this is
promoting an increasing degree of pre- and post-
deposit treatment to render materials to be
deposited environmentally inert or to optimise
the in-situ stabilisation process.
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Aerobic decomposition
Anaerobic decomposition
Attenuation

Biodegradable
Cap
Clay layer

Cover material
Containment site
Groundwater

Hazardous wastes

Heavy metals

Hydrogeology
Lagooning

Landfill gas
Leachate

Leachate recycling

Municipal waste

Stabilisation

Occurs in moist conditions in the presence of, i.e., oxygen (produces strong
leachate and no gas). '

Occurs in moist conditions in the absence of i.e. oxygen (produces landfill gas
and weak leachate).

Gradual reduction in concentrations of contaminants in leachate, due to physical,
chemical and biological activities as it passes through soil and various subsoils.

Organic material which can be broken down chemically by biological action.
A layer of clay or other material to prevent ingress of rainwater.

A layer of clay applied to the base of walls of a site to prevent leachate or gas
migration. Also applied to surface: see Cap.

Any inert material used to cover waste during landfill; usually applied towards
the end of the working day.

One where the bottom and sides are-or have been made impermeable to liquids
using natural elements or synthetic liner.

Water occurring naturally, below the surface.

Those wastes which are listed in Annex I to the Basel Convention and exhibit
one or more of the hazardous characteristics specified in Annex III to the
Convention.

Usually refers to lead, zinc, cadmium, copper.
The study of groundwater movement, chemistry, etc.

A technique for settling out fine solids by forming a settling pond with a long
residence time, usually days or weeks.

Generated under anaerobic conditions and is a mixture of methane (CH‘*j and
carbon dioxide (CO?2), approximately 60:40 by volume.

Liquid drainage from a landfill site containing dissolved solids and products of
decomposition of organic matter.

Pumping of leachate from a collecting sump back over the surface of the waste

" and letting it run into the waste in order to accelerate decomposition of both the

waste and of organic compounds in the leachate.

Wastes collected by municipalities or by their order, including wastes from
households (not household hazardous waste) and similar wastes from
commercial activities, office buildings, institutions and industry that dispose of
waste at municipal facilities.

Achieved when all organics have decomposed.
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Selection of siting characteristics prepared by ISWA Series 1991 No.l Safe Hazardous Waste Management: a state-of-the-art
guide for decisions makers. 1SWA Working Group on Hazardous Wastes.

Siting characteristics

n selecting a site for the construction of a hazardous

waste landfill, several geographical and
hydrogeological factors of the location must be
considered. These factors will have a significant
bearing on the level of environmental protection
provided by the landfill. Geographical and
hydrogeological factors of a site will also influence
the design of the landfill, including the type of liner
system, drainage network, and groundwater monitors
installed.

In addition, the degree of urbanisation and its
proximity to a landfill site should be considered.
When an urban centre is near, extra effort must be
.taken to reduce any social disturbances the landfill
may impose. Such disturbances include impacts on the
landscape and sewage systems, noise levels, odour
levels, and traffic patterns. Also, great care must be
taken in developing an emergency preparedness plan
in the event of a gas leak or other accident.

Hydrogeological characteristics

Il drinkable water supply points and distances
tween these points in the area surrounding a
landfill should be identified. The landfill must be
located far enough away from these sources so that in
the event of an accident and contamination, there will

be enough time to provide warning and alternative
drinking water supplies to communities that rely on
the water aquifer that could be contaminated.

The surface hydrology of an area should also be
considered, so as to avoid areas prone to flooding or
susceptible to erosion. At a minimum, 100 years of
return time of frequency is recommended for flooding.

In studying the hydrology of an area, seasonal
variations in water table depth and the table’s
maximum historical height must be determined. The
depth of a landfill bottom must be placed some metres
above the maximum water table increase.

Geographical characteristics

e most important geographical factor involved in

choosing a landfill site is the stability of the area.

The morphology of a location must also be carefully
considered.

Depending on geographical and morphological
factors, three different types of landfills are generally
constructed: superficial, depression, and slope. In
addition, underground structures located in
lithologically stable areas are sometimes used for the
disposal of highly toxic stable wastes.
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Landfill site selection criteria

Engineering

Geophysical site (geographical criteria): Should be
large enough to accommodate waste for life of
production of facility.

Proximity: Locate as close as possible to production
or treatment facility to minimise handling and
reduce transport cost. Locate away from water
supply (suggested minimum 500 feet) and
property line (suggested minimum 200 feet; more
for landfill gas).

Access: Should be all-weather, have adequate width
and loan capacity, with minimum traffic
congestion; one-way system on site whenever
possible.

Topography: Should minimise earth-moving; take
‘advantage of natural conditions. Avoid natural
depression and valleys where water contamination
is likely.

Geology: Avoid areas with earthquakes, slides, faults,
underlying mines, sinkholes, and solution cavities.

Soils: Should have natural clay liner or clay available
for liner, and final cover material available.

Environmental

Surface water: Locate outside 100-year floodplain.
No direct contact with navigable water. Avoid
wetlands.

Groundwater: No contact with groundwater. Base of
fill must be above high groundwater table. Avoid
sole-source aquifer. Avoid areas of groundwater
recharge.

Air: Locate to minimise fugitive emissions and odour
impacts.

Terrestrial and aiquatic ecology: Avoid unique
habitat area (important to propagation of rare and
endangered species) and wetlands.

Noise: Minimise truck traffic and equipment
operation noise.

Land use: Avoid populated areas and areas of
conflicting land use such as parks and scenic
areas.

Cultural resources: Avoid areas of unique
archaeological, historical and paleontological
interest.

Legal/regulatory: Consider national, regional and
local requirements for permits.

Public/political: Gain local acceptance from elected
officials and local interest groups.

Economic
Property acquisition: Actual land plus related costs.

Site development: Excavation, grading, liner, new
roads, and other development costs.

Annual costs: Fuel costs, operating labour,
maintenance, land preparation, utilities, and
overheads.

Salvage value: Do not consider—site will probably
not be an asset.

Conflicts with the objective of setting up and
operating towards a stable system, particularly in
respect of organic matter and in some cases heavy
metals (comment seen as relevant to mono deposit
with long term storage prospects).
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t all sites where permeable strata surround the

waste, a series of appropriately spaced
monitoring boreholes should be provided to permit the
detection of landfill gas migration from the waste. At
new sites such boreholes should be installed prior to
waste deposition, to allow background concentrations
to be measured, and to warn of the onset of gas
migration. Measuring gas concentrations in such
systems should be undertaken with care as the
volumes of gas present may be small. Air intrusion
through the borehole too should be avoided by
limiting the rates of gas withdrawal to the measuring
instrument. Gas may be migrating at discrete horizons
in the strata and localised depth sampling techniques
may be required. The effects of changes in
atmospheric pressure or water table levels may be
important; such changes may cause fluctuations in the
rate of gas migration from the site which may not be
immediately detected at the monitoring point. Both
oxygen and methane concentrations should be
measured using portable apparatus with occasional

_ more detailed analyses to confirm the data.

The water authority and the disposal authority may
require at least one well to be installed in the waste for
monitoring leachate quality and levels. These wells
might subsequently be used for leachate abstraction.
In many cases such monitoring points consist of large
concrete rings with perforations over at least the lower
portion of the chamber. Because of the problems of
gas escaping from these chambers it is recommended
that the cover and upper sections be sealed to prevent
localised high concentrations of gas escaping from the
well. If these chambers are also used to monitor gas
quality and quantities they should be fitted with a
suitable, valved, monitoring point. Recent experience
of the use of concrete rings for monitoring wells has
shown that they may be attacked by leachate. For gas
monitoring purposes it is preferable to install a proper
well within the waste after final restoration levels have
been reached which may also be used for gas
abstraction. Suitable safety precautions should be
taken when sinking wells into waste. Such wells
should contain a central perforated tube the diameter
of which should not exceed 0.15m, thus not permitting
personnel entry, and should be sealed at the surface
and provided with a valve. Such wells would enable
leachate monitoring to be carried out. Well design
should take into account the possibility of settlement
and lateral movement of the waste.

When monitoring, care should be taken to use suitable
instruments such as ‘non-flame’ detectors. Staff taking
readings must avoid direct contact with gas plumes at
these monitoring points and observe the various safety
precautions described above.

Where it is suspected that gas migration may be
causing problems in buildings, service ducts etc., or
posing a risk of nuisance or damage to vegetation, the
monitoring procedures described in the following
paragraphs should be adopted (these procedures are
summarised in Figure 1; see paragraph 3.1 of source
document).

The concentrations of gas within enclosed spaces
should be ascertained initially by using portable
explosion-proof methane detectors, before more
sensitive detectors, perhaps incorporating flame
ionisation techniques, are used. Sources of gas
intrusion into, or build-up within, buildings include
points where services enter or leave the building,
cavity walls and normally enclosed spaces such as
cupboards. Various external monitoring points may
include drains, ducts, electrical and telephone service
points. Gas concentrations at such locations can
fluctuate from time to time due to variations in
climatic conditions, gas generation rates and other
factors. Therefore, complete reliance should not be
placed on a single set of recorded data from one
monitoring exercise. This also applies to the
monitoring of gas in boreholes or wells within or near
the site as described below.

One further complication is identification of the
source of gas. In some circumstances methane gas
may be from fossil fuel sources such as coal mines or
natural gas. Gas samples should be obtained and
where possible the source ‘fingerprinted’ by
identification of constituents. Examples of typical gas
compositions where the gases are derived from
sources other than a landfill are shown in Appendix
VIII of source document. '

Monitoring with respect to known or anticipated
vegetation damage caused by landfill gas can
sometimes be carried out by measuring gas quality in
cracks in the soil, but more commonly the installation
of probes extending into the plant root zone and the
extraction of gas from such probes is necessary.

If gas migration is suspected but has not been
positively confirmed sufficient boreholes must be
installed, extending to the full depth of the waste and
in the strata surrounding the site, to identify the extent
of any unacceptable gas concentrations. This might
require boreholes at close spacings and/or at
increasing distances from the landfill boundary,
especially if the strata are particularly non-uniform in
composition and perhaps are fissured.

Useful data can be obtained from wells installed
within sites, which may help in the interpretation of
the behaviour of a site with respect to gas generation.
Such data include: gas composition and rates of
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evolution; gas pressure and temperature; the
temperatures and composition of leachate if present in
the drilled well. Chemical and microbiological
analysis of the waste material extracted during drilling
may be useful in determining the status of gas
production. Monitoring during field testing will
include gas composition, temperature and rates of
abstraction.

Gas migration control systems should include the
monitoring of peripheral boreholes for landfill gas
concentration. Odour identification can also be carried
out if necessary and the atmosphere may be monitored
to determine ambient air concentrations after the gas
has been collected and flared.

Monitoring of installed gas control or utilisation
schemes will form part of the operation of the plant
and equipment. However, it should be realised that
each well or trench will not only have individual
characteristics, but that rates of gas abstraction will
vary with time as the decomposition of landfilled
waste proceeds. Thus, some resetting of well head
conditions (flow/pressure) using the installed valve
controls will be inevitable.

If property had been affected by landfill gas, prior to
any control measures becoming operational, continued
monitoring on a regular basis is essential to confirm
that the remedial measures taken continue to be
effective.

Source: Waste Management Paper No.26, Landfilling Wastes, UK Dept. Environment, 1986.
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or hazardous wastes to be jointly disposed with

municipal waste, their rate of deposition will be
limited by the attenuation capacity of the accepting
bulk of municipal waste. Although general guidelines
can be given, the loading inevitably will be site
specific. Effective monitoring of the conditions in the
landfill provide the best guidance for setting
appropriate loading rates.

Loading rates are normally quoted as a quantity of
hazardous waste which may be deposited either in a
given period (e.g. as per m3 of municipal waste per
day), or related with a given quantity of the accepting
bulk (e.g. as g per m?3 of municipal waste) for a once-
only base filling. This is the loading or rate which
could be degraded or attenuated by a unit volume )
of methanogenic refuse. The landfill loading potential

Criteria for calculating landfill potentials

should then be applied to the reaction zone volume to
derive a total loading limit for one site.

The loading rate controls shall apply to wastes
containing: acids, heavy metals, cyanides, soluble
organic carbon, phenols and other prescribed organic
compounds. Ammonia and chloride inputs shall also
be assessed, on the basis that all of the applied loading
will appear in the leachate. Applied loadings must not
lead to the capacity of leachate treatment and disposal
systems being exceeded.

Default values (as mentioned in the criteria values
given hereunder) are to be applied for the calculation
of the maximum landfill loading potential, unless
site/waste-specific data submitted by the operator
justify higher loadings.

Waste component | Default value
Acids (1 100 equiv./tonne of municipal waste
Heavy metals [2[3] | 100g/tonne of municipal waste

Zn 100g/tonne of municipal waste

Cu 100g/tonne of municipal waste

Ni 100g/tonne of municipal waste

Cr 100g/tonne of municipal waste

Pb 100g/tonne of municipal waste

Cd 10g/tonne of municipal waste

Hg 2g/tonne of municipal waste

As, Se 1g/tonne of municipal waste
Cyanide (as CN) 1g/m3 of municipal waste per day [3]
Phenol 5g/m3 of municipal waste per day [4
**/Hydrocarbons 2.5kg/tonne of municipal waste
TOC 10g/m3 of municipal waste per day [
Specified organics [8 | 10g/m3 of municipal waste per day

Source: EC Amended Proposal for a Directive on Landfill Waste, COM (93) 275.

1 Loadings to be calculated on a once-only basis, unless site monitoring in reaction.zone demonsti-ates regeneration of buffer
capacity. Acids shall be deposited in a separate area from wastes containing cyanide or sulphide.

2 Loadings to be calculated on a once-only basis. A prior precipation test shall be applied to any wastes containing >100mg/]
soluble heavy metals. This should consist of a pH adjustment to 10.5, mixing for five minutes, followed by settlement for 30
minutes. If the soluble metal content then exceeds 20mg/l, the waste shall not be jointly disposed unless the operator can

provide practical evidence to show its attenuation in refuse.

3 The maximum defalut value for the total of heavy metals shall not surpass the 100 grammes of municipal waste.
4 Organic compounds of List |1 from the Directive 10/63/EEC on groundwater.
5 Unless site/waste-specific data on particular wastes show them to be completely degraded. No waste containing >mg/l as

coluble CN shall be jointly disposed.

6 Unless site monitoring shows the reaction zone ability to degrade completely the phenols.
7 Unless specific data on particular wastes show them to be highly degradable.

_—-
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The table below fixes the ranges by which wastes will be characterised for the purpose of landfilling according to

the composition of their eluates.

* wastes whose eluate concentration is not above the maximum values fixed for inert wastes will be considered

as such,

* wastes whose eluate concentration falls in the range between inert wastes and the minimum value for

hazardous wastes will be considered non-hazardous.

Hazardous waste range | Inert waste
1.01 pH value 4-13 4-13
1.02 | TOC 40-200mg/1 <200mg/
1.03 | arsenic 0.2-1.0mg/1 <0.1mg/1
1.4 | lead 0.4-2.0mg/l }
1.05 cadmium 0.1-0.5mg/l }
1.06 | chromium 0.1-0.5mg/l } the total of
1.07 copper 2-10mg/1 } these metals:
1.08 | nickel 0.4-2.0mg/l } <Smhv/1 [1
1.09 mercury 0.02-0.1mg/1 }
1.10 | zinc 2-10mg/1 }
1.11 phenols 20-100mg/1 <10mg/l
1.12 fluoride 10-50mg/1 <5mg/l
1.13 ammonium 0.2-1.0mgAN <50mg/l
1.14 | chloride 1.2-6.0g/1 <0.5g/1
1.15 | cyanide [4 0.2-1.0mg/1 <0.1mg/1
1.16 | sulphate (3 0.2-1.0g/1 <1.0g/1
1.17 | nitrite 6-30mg/l <3mg/l
.18 | Aox(4 0.6-3.0mg/1 <0.3mg/1
1.19 | solvents 5] 0.02-0.10mg CI1 <10pug CI
120 | pesticides [5] 1-5ug CIN <0.5ug CI1
1.21 lipoph.sub. 0.4-2.0mg/l <lmg/

Notes:

1 For characterisation purposes the components to be analysed in the eluates shall be chosen in function of the
qualitative composition of the waste.

2 In addition to these eluate criteria, a determination of asbestos on a representative sample of the crude inert
waste shall be performed, according to the annexes of the Council Directive 87/217/EEC on the prevention and
reduction of environmental pollution by asbestos.

Source: EC Amended Proposal for a Directive on Landfill Waste, COM (93) 275.

I And no single value above the minimum fixed for hazardous waste.
2 Readily released.

3 If possible <500mg/L.

4 Adsorbed organically-bound halogens.

5 Chlorinated.
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Limit values for concentrations of heavy

metals in soil

(mg/kg of dry matter in a representative sample, as
defined in Annex II C, of soil with a pH of 6 to 7)

Parameters Limit values
Cadmium 1to3
Copper 50 to 140
Nickel 30to 75
Lead 50 to 300
Zinc 150 to 300
Mercury lto 1.5
Chromium —

Limit values for heavy metal concentrations
in sludge for use in agriculture

(mg/kg of dry matter )
Parameters Limit values
Cadmium 20040
Copper 1000 to 1 750
Nickel 300 to 400
Lead 750to0 1200
Zinc 2 500 to 4 000
Mercury 16 to 25
Chromium ! —

Limit values for amounts of heavy metals
which may be added annually to agricultural
land, based on a 10-year average

(kg/hayr)
Parameters Limit values
Cadmium 0.15
Copper 1.2
Nickel 3
Lead .
Zinc 30
Mercury 0.1
Chromium -

I It is not possible at this stage to fix limit values for
chromium. The Council will fix these limit values later on
the basis of proposals to be submitted by the Commission
within one year following notification of this Directive.

Source: EC Directive on the Use of Sewage Sludge in Agriculture (86/278/EEC).
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ANNEX 1V

Example of
Operational Procedures
for a Sanitary Landfill
accepting
Hazardous Industrial Wastes

Please read Author’s Note before studying this example
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Author’s Note

The operational procedures here are from an existing landfill in Johannesburg, Republic of
South Africa. The region does not so far have special facilities for the treatment and disposal
of hazardous industrial waste. The operational procedures described here are interim
measures to improve environmental safety by utilising an existing, well-managed domestic
landfill for controlled co-disposal of industrial waste.

The purpose of this example is to demonstrate the high level of management control of a site
and of the incoming wastes that is needed if co-disposal methods are used, even on an interim

basis.

The Republic of South Africa is currently (1993/94) putting in place a comprehensive
industrial waste management strategy which emphasises waste avoidance and minimisation
as well as the use of specially designed industrial waste facilities. When this strategy is fully
implemented the use of co-disposal methods will be discontinued.

Further details are available from the Department of Environmental Affairs, Private Bag X447, Pretoria, RSA

.peratlonal Procedures

~ for the
a..a*fIass I llsposal Faclht;f**;é_f_i%.r
' Marglls ;

Please note that this document has been compiled using the following documents as reference—

1 The proposed minimum requirements document
2 Consent use conditions set by the Germiston Municipality.
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1  PRINCIPLES OF OPERATION

1.1 Non-hazardous waste

Dry domestic waste is being disposed and compacted
immediately to minimise any pollution or nuisances.
The waste is compacted into a cell and covered daily.

Solids which include papers, plastic and garden refuse
acts as an absorbent for any liquid waste received on
site. Selected builder’s rubble received on site is used
as an intermediate cover or for the construction of
berms.

1.2 Hazardous waste

1.3.3 Graders

A grader is used on site to maintain on-site roads
when required.

1.3.4 Compactor

A landfill compactor is permanently on site to
ensure adequate compaction densities.

1.4 Compaction of waste

1.2.1 Solids and sludges

Solids and sludges are treated and disposed of as per
requirements set out in Appendix A. The sludges are
co-disposed with dry domestic waste which will act
as an absorbent.

1.2.4 Ligquids

Liquids are treated and disposed of as per the
requirements set out in Appendix A. The volume of
liquid waste accepted on site is determined by the
volume of dry domestic waste on site. The aim is to
maintain a ratio of one part liquid to 10 parts dry
waste.

1.3 Equipment

All waste is disposed of in a controlled manner and
compacted into layers of = 300mm thick to an optimal
density. Compaction is done—

i.  to minimise rainwater infiltration
ii. (o prevent spontaneous combustion
iii. to avoid breeding of insects

iv.  to minimise wind scatter.

The co-disposal of liquids takes place into trenches in
front of the working face and solid waste is compacted
into these trenches as an absorbent. The cell size is
determined by the volumes of waste handled per day;
estimated cell size at (18mx16mx1.8m).

1.5 Cover

The following equipment is utilised on site as and
when required.

Note: adequate equipment is available on site to
handle the waste streams at all times.

1.3.1  Wheel loader (bucket loader)

A wheel loader is used on site for:

i.  treatment and blending of waste

ii. loading of soil

iii. loading of chemicals

iv.  trenching

v.  covering when required.

1.3.2 Tipper trucks

A tipper is used on site to move cover material and
ash when required.

1.5.1 Daily cover

*  The working face is covered daily to minimise
the above mentioned nuisances (refer 1.4).

e Cover is spread to a minimum thickness of
150mm.

¢ Suitable builders’ rubble from contractors is
utilised as cover.

«  Stockpiles of cover is maintained if possible.

1.5.2 Final cover

Final cover will be placed on areas where final
contours have been reached. The site will be capped
with a minimum of one metre of cover consisting
of:

¢« 600mm of a clayey, silty sand with an
approximate permeability of 10~4 c¢m per
second.

400mm of a suitable growing medium.



ANNEX IV » LANDFILL OF INDUSTRIAL H AZARDOUS W ASTES

1.6 Drainage

1.6.1 Surface

A system is being maintained on site where all
adjacent storm or rain water is diverted around the
site (clean water drainage), while all water from the
waste is treated as contaminated water and
contained in a dam on site.

The construction of cells minimise ponding and
contaminated water is directed away from the
working face and into the containment drum. Refer
to drawing 5381/5.

Leachate generated is handled together with the
contaminated rain water.

1.6.2 Management of contaminated runoff
water

Any contaminated water runoff is collected in a
containment dam on site. This water will either be:

i.  evaporated,

ii.  used for dust control on site,

ili. treated and disposed of to sewer.
Refer to drawing no 5381/3.

1.7 Closure and rehabilitation

The daily operation of the site is planned to provide

for closure and rehabilitation as soon as final contours
have been reached. Outside berms will be grassed and

selected trees and shrubs will be planted to minimise
any infiltration of water as soon as possible.

Refer to drawing no 5381/6 and drawing .no 5381/7

for the final contours and landscaping plan.

2. . . | SITE PREPARATION

2.1 Staff

2.2 Access road and on-site roads

2.1.1 Onsite

The staff on site is as follows:

*  Landfill Supervisor

»  Assistant Landfill Supervisor
¢ Compactor Operator

«  FEL Operator

*  Tipper Driver

¢ Gate Clerks

¢  General Workers.

21.2 Off site

The off-site staff are assisted by the following staff:
» Landfill Manager

e Technical Manager

*  Environmental Services Manager

* Laboratory Supervisor

* Head Office Technical Personnel.

The access road and on-site roads are maintained in a
suitable manner to accommodate all types of vehicles
normally expected to use the facility.

2.3 Security

(including fencing and signs)

2.3.1 Signs

Signs in the official languages are erected advising
on:

* route to the site,
* hazard warning,
» contact details of the responsible person,

* operational hours.

2.3.2 Fencing

The entire site is fenced off with a gate of the same
height at the entrance, to prevent unauthorised entry
and the control of wind-scatter.
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2.3.3 Security’

Twenty-four hour security is maintained on the site.

2.4 Site facilities

The following facilities are available on site:
2.4.1 Security office,

2.4.2 Site offices (including ablution facilities),
2.4.3 Store for chemicals,

2.4.4 Washbay.

2.5 Main laboratory

The main laboratory is equipped to analyse for the
following:

* flammability

» flashpoint and ash-blending ratios
« pH

* lime equivalents

« constituent spot tests (arsenic, chromium, heavy
metals, cyanide, sulphides etc.)

* analyses of leachate
* initial comprehensive analyses for waste samples
* gas analyses of the site perimeter.

The laboratory is supervised by the laboratory
supervisor (BSc.Hons.) supported by the Technical
Director.

2.6 Safety and emergency procedures

2.6.1

Procedures are in place in the event of a spillage or
emergency. Spillage procedures are determined by
the nature of the waste.

2.6.2

The required safety equipment is available on site
which includes the standard acid-proof overalls,
gloves, boots, goggles and dustmasks. Additional
safety equipment is specified by the laboratory for
specific events. Full face masks and respirators with
combination filters are available on site for these
events.

3  WASTE MANAGEMENT

3.1 Waste screening and control

3.1.1 FROT code

Please refer to Appendix II for a copy of the FROT
code which is used by our laboratory to classify all
hazardous waste loads. According to the
classification the load is given a specific disposal
instruction. The International Maritime Dangerous
Goods Code (IMDG ) is used together with the FROT
code.

New developments in the classification of
hazardous waste for the Republic of South Africa
will soon be implemented.

3.1.2 Laboratory procedures/control of
hazardous waste

i. A datasheet together with the sample is
submitted to the laboratory.

ii. Samples are analysed by the Laboratory
Technician.

iii. The Laboratory Supervisor issues disposal
instructions and compiles a tremcard,
determined by the results.

iv. The Control Authorisation Sheets (CAS) are
issued by the Laboratory with disposal
instructions for all the daily hazardous waste
loads received on site. Only loads authorised
on the CAS will be allowed to be disposed on
site.

v.  Daily samples of all hazardous loads are
checked by the Laboratory and irregular
samples are followed up with the Sales
Representative and Customer.

vi. Refer to Appendix III for a flow diagram of
the above mentioned.

vii. Refer to Appendix IV for the procedures used
by the Laboratory.

viii. Refer to Appendix V for a summary of the
Waste Manifest System.
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3.1.3 Classes of acceptable waste
Refer to Appendix VI for this list.

3.1.5 Classes of unacceptable waste
Refer to Appendix VII for this list.

3.2 Pre-treatment methods

3.3 Disposal methods

Please refer to Appendix X for a detailed description
of all the disposal procedures used on site.

3.4 Landfill records

3.2.1 Incineration of medical waste

All medical waste received is incinerated by the
medical waste incinerator. In the event of a
breakdown, these boxes are landfilled under
supervision with lime.

Refer to Appendix VIII for the specifications of the
incinerator. The ash removed from the incinerator is
disposed on site together with domestic waste. A
study was done on the stack emissions from the
incinerator and please refer to Appendix IX for this
report done by the AEC.

3.2.2 Inorganic treatment plant

All inorganic liquid waste, e.g. acids, are pre-treated
at the Rietfontein Inorganic Treatment Plant (ITP).

3.2.2.1: Neutralisation of acids Liquid acids are
neutralised and precipitated by adding a lime slurry
to the acid and raising the pH to 8-9 for the heavy
metals to be precipitated out.

3.2.2.2: Reduction of chrome (Vi) Chrome (V1) is
reduced to chrome (M) with ferrous sulphate.
Ferrous sulphate is added to the chrome solution in
a low pH medium and once the chrome has been
reduced to <30ppm, the solution is neutralised with
a lime slurry to precipitate the chrome (1I).

3.2.2.3: Disposal of effluent The effluent water
and filtercake from the ITP is disposed of on site.
All these processes are closely monitored by the
laboratory.

3.4.1 Landfill books

These records are kept on site at the gate by the gate
clerks of all waste entering the site. This
information is used by the Landfill Supervisor to
calculate daily and monthly statistics regarding
volumes, waste types and sources.

3.4.2 Daily laboratory reports

These reports are compiled by the Landfill
Supervisor and is a complete list of the type and
volumes of hazardous waste received on site per
day. These records are kept on site and by the
laboratory. The laboratory supervisor uses these
records to monitor the site’s management of
hazardous waste.

3.4.3 Daily laboratory analyses

Each load of hazardous waste which arrives on site
is sampled and checked by the gate clerk prior to
disposal to ensure that the correct disposal
procedure is followed. No unknown or unauthorised
loads are accepted on site. All records of analyses
done are available in the laboratory.

3.44 Complaints

All complaints are reported to the Landfill
Manager/Supervisor and recorded in the complaint
book. Complaints are followed up with the
complainant and the local authority.

3.4.5 Weather conditions

A small weather station has been installed on site to
record daily weather conditions. These results can
be verified if necessary with the weather station at
Jan Smuts. Conditions monitored include:

« rainfall
* windspeed and direction
¢ humidity

* temperature.
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4 CONTROL, MONITORING AND AUDITING

4.1 Control

41.1 Scavengers and squatters

No scavenging or unauthorised entry is permitted on
site.

4.1.2 Litter control

The litter is contained on site and picked up on a
regular basis.

4.1.3 Dust control

The site is watered on a regular basis to control the
dust. Where final levels have been reached, areas
will be grassed to control excess dust on site.

4.1.4 Pest control

Appropriate measures are taken to eliminate any
flies, rats, etc.

41.5 Odour control

The site is covered daily as specified in point 1.5.1
and loads with potential smell problems are treated
in such a manner to minimise an odour problem.

4.1.6 Noise control

Site equipment conforms with the by-laws of the
local authority concerning noise levels and
operational hours.

4.1.7 Fires

No burning of any sort is permitted on site and
emergency procedures are in place to be
implemented in the event of a fire.

4.2 Monitoring

The contaminated water is monitored by the main
Laboratory and treated as required.

4.2.2 Groundwater

4.2.2.1: For details of the boreholes refer to the
geohydrological report.

4.2.2.2: Refer to Appendix XIII for a borehole
location map.

4.2.2.3: Analyses of the borehole water is
submitted to the Department of Water Affairs and
Forestry on a three-monthly basis.

4.2.2.4: Monitoring during operation Three-
monthly sampling with full analyses is being done
on all boreholes. Currently the samples are bailed
but the pumping of the boreholes is being
addressed.

4.2.2.5: Post-monitoring Ongoing monitoring is
done as required by the Department of Water
Affairs and Forestry.

4.2.3 Landfill gas monitoring

The generation of landfill gas is closely monitored.
If the site conditions encourage the generation of
landfill gas, appropriate control systems will be
installed.

4.3 Auditing

421 Surface water

Clean surface water is directed around the site and
contaminated surface water is contained in a dam
and then treated and disposed of to either the sewer
or used on site.

4.3.1 Formal

The site is formally audited on a six-monthly basis
by the Environmental Protection Manager together
with the Landfill Manager, Technical Manager and
Landfill Supervisor.

4.3.2 Informal

Informal daily checks are done by the Technical
Manager and as required the Environmental
Services Manager does an informal audit check.
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APPENDIX A Waste acceptance criteria

Types of waste which require special handling or pre-treatment before disposal on a dass 1 site

1

Asbestos waste must be packed in special plastic
bags in accordance with the asbestos regulations
No. R773 in the Government Gazette No. 10700,
dated April 1987.

Wastes that will be accepted for fixation with
pulverised fuel ash or boiler ash according to
technology approved of by the Department of
Water Affairs and Forestry:

* Bituminous wastes

* Qil sludges which do not contain lead
* PVA and oil paint sludges

*  Adhesives

* Vegetable oil wastes

* Hydrocarbon solvents

*  Organic resins

* Phenolic sludges

+ Fats, waxes and greases.

Wastes which shall be encapsulated in concrete in
accordance with the standards of the Department
of Water Affairs and Forestry.

* PCBs (oils from transformers or capacitor
spills), dioxins and all PCB and dioxin
derivatives.

262

* Organohalides including organohalide
pesticides.

* The soluble salts of mercury, arsenic,
cadmium, antimony, lanthanum and actinium.

Wastes which shall be encapsulated or require
special treatment (written approval to be obtained
from the Department of Water Affairs and
Forestry):

* Organolead sludges originating from leaded
petrol storage tanks, oil recycling and solvent
recovery processes in the paint industry;
organochorine pesticides.

Waste for which the pH of the waste or the pH of a
1:1 w/w extract with water are below pH 6 or
above pH 12.

Waste with a free cyanide concentration greater
than 0.4mg1-1.

Waste with a free sulphide concentration of more
than 10mg1-1.

Waste with a free Chrome (VI) content of more
than 30ppm.

Waste which contains highly reactive redox
compounds.
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APPENDIX B Hazardous waste sit’é*--management procedure

START

Quote to customer

/

Customer books lift with customer
liaison officer (CAS)

Data sheet and original sample to
laboratory for analyses and
disposal instructions

END

Driver with a copy of the customer
card and tremcard collects load and
safely transports the load
conforming with hazchem reg

The customer is issued a safe
disposal certificate as guarantee of
disposal

Each load reports to the gate clerk
to be checked on the authorisation
sheet with instruction for disposal

Analysis is followed up with
customer when required

by the gate clerk and if necessary
by the laboratory

Sample is checked prior to disposal
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APPENDIX C Classes of acceptable waste

A list of hazardous or toxic materials which may only be disposed of onto a Class 1 disposal site

Acids and alkalis

Antimony and antimony compounds

Arsenic compounds

Barium compounds

Beryllium and beryllium compounds

Biocides and phytopharmaceutical compounds
Boron compounds .

Cadmium and cadmium compounds
Chromium compounds

Copper compounds

Heterocyclic organic compounds containing
oxygen, nitrogen or sulphur

Hydrocarbons and their oxygen, nitrogen and
sulphur compounds

Inorganic cyanides

Inorganic halogen-containing compounds
Inorganic sulphur-containing compounds
Laboratory chemicals

Lead compounds

Medical waste (tissues, blood, swabs, needles etc.)
Mercury compounds
Nickel and nickel compounds

Organic halogen compounds, excluding inert
polymeric materials

Paints and paint sludges

Peroxides, chlorates, percholorates and azides
Pesticides and insecticides

Pharmaceutical and veterinary compounds
Phosphorous and phosphorous compounds
Selenium and selenium compounds

Silver compounds

Tarry materials from refining and tar residues
from distilling, including petroleum products

Tellurium and tellurium compounds
Thallium and thallium compounds
Vanadium compounds

Zinc compounds

APPENDIX D Classes of unacceptabte waste& on a' Class
disposal : site

All materials which fall in Class I (explosives),
Class II (compressed gases), and Class VII
(radioactive materials) of the IMDG classification
are prohibited.

Wastes for which the pH of the waste or the pH of
1:1 w/w extract with water are below pH6 or
above pHI2.

Waste with a free cyanide concentration greater
than 0.4mg 11,

Waste with a free sulphide concentration of more
than 10mg -1

Waste with a free chrome (V1) content of more
than 30ppm.

Waste with a flashpoint, as measured by the closed
cup method, below 60°C.

Waste which reacts with air or water within the pH
range pH 6 to pH 12, to produce inflammable,
explosive or toxic gases.

Waste which contains highly reactive redox
compounds.
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APPENDIX E Disposal methods

1. Co-disposal

The practice of co-disposal, disposing of liquids and
solids in a ratio of 1:10, will take place on site.
Trenches will be prepared in front of the working face
and liquids will be discharged into these trenches and
covered with waste to act as an absorbent for the
liquids.

2. Trench and cover immediately

A trench is prepared in front of the existing working
face and waste with a potential odour risk is covered
immediately with dry domestic waste.

3. Trench and treat with lime

A trench is prepared in front of the existing working
face and solid waste with a pH>6 and waste with a
high bacteria content will be disposed together with
lime at a ratio prescribed by theLaboratory. Heavy
metals are also trenched with lime to minimise the
possible mobilisation of heavy metals through the site.
Finally it is covered with waste.

4. Trench and treat with ferrous sulphate

A trench is prepared in front of the working face and it
is compacted and lined with clay. Solid wastes
containing either cyanide or chrome is treated and
blended with the prescribed ferrous sulphate solution.
The trench is covered with domestic waste.

5. Trench and treat with sodium sulphide

A trench is prepared in front of the working face and
is compacted and lined with clay and lime. Solid
wastes containing low concentrations of mercury are
treated and blended with the prescribed sodium

sulphide solution and finally covered with waste. The
immobilisation of copper is done in the same manner.

6. Front of working face and do not crush

Asbestos which has been double-bagged and labelled
and labpacs are tipped in front of the working face.
These wastes are then covered with at least one metre
of waste to ensure that the labpacs and bags are not
crushed.

7. Ashblend/trench with ash

All flammable wastes and waste with a flashpoint
<60°C are either blended with ash by FEL or trenched
with ash. The ash will absorb the liquids and the
ashblending ratio is predetermined by the Laboratory
in order to maintain a flashpoint >61°C. This process
will take place in a separate area on the site.

8. Ashblend and weather

Leaded sludges are blended with ash for absorption
and then the blended product is weathered to reduce
the organic lead content to <20ppm through oxidation.
The weathered product is co-disposed of on site. This
process will take place in a separate area on the site.

9. Separate cell

A limited number of drums will be buried upright on a
bed of ash in a separate clay cell.

10. Safe disposal

See attached procedure.
11. Encapsulation

See attached specification,
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APPENDIX F Safe disposal procedure

The customer will notify the waste-tech customer
liaison officer by 15h00, at least 12 hours prior to
the time of collection, that a Safe Disposal is to
take place and supply all the relevant details. This
will also apply to Own Transport Customers.

The Customer Liaison Officer will:
[a] Prepare a Waste Manifest Document

[b] Inform the involved waste-consultant or other
responsible person of the details of the Safe
Disposal to take place.

The Waste Manifest Document, accompanied by
the following, will be handed to the driver by
controls prior to collection.

[a] Copy of Customer Card.
[b] Copy of Tremcard.
[c] Set of Hazchem Decals.

[d] Information of the Waste-tech representative
who will accompany the vehicle transporting the
waste for safe disposal.

The driver must be in the possession of:
[a] Hazchem file.

[b] Correct protective clothing as per customer
card.

The driver will follow the specified route to the
customer.

The driver will report to security/reception and
will meet the Waste-tech representative and they
will both proceed to the collection point.

The Waste-tech representative will ensure that:

[a] The driver and assistant are wearing the correct
protective clothing;

[b] The driver is in the possession of the correct
documentation and Hazchem decals.
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APPENDIX G Project specifications

PROJECT SPECIFICATION PORTION 1 PART 1: SPECIAL SPECIFICATION

Important Note

This Specification utilises the SABS 1200 series Standardised Specifications for Civil Engineering
Construction. These Specifications are not bound with the specification.

Scope

The Project Specification is set out in two portions,
Portion 1 (Part 1) covers general descriptions of the
project, plus any special specifications not covered by
SABS 1200 Specifications.

Portion 2 covers variations and additions to the
Standardised Specifications that are applicable to the
contract.

NOTE: The siting of the encapsulation cells within a
site will be site specific and must be addressed during
permitting of that site.

The works

PS1: This project comprises the structural and
builder’s work associated with the construction of’:

Standard Encapsulation procedures for
hazardous waste

The procedure for encapsulation is as follows:

1 On a prepared impervious clay foundation, a
200mm thick slab shall be cast in 35MPa concrete,
with two layers of 245 mesh turned up at the edges
in accordance with the drawings. Cover to the
mesh shall be 40mm. An approved 200mm PVC
external waterbar, mechanically jointed adjacent to
one corner, shall be cast in at the edge. Within four
hours after casting, the slab shall be roughened for
250mm around the periphery, by removing
laitance with a water spray. If more than seven
days elapse before the rest of the concrete is cast,
this area must be painted with an approved slow-
setting wet-to-dry epoxy immediately before
casting. The slab shall be cured by spraying with
water in accordance with the Specification.

2 Approved drums or containers containing
hazardous waste shall then be placed on

75x75x50mm high concrete blocks, three per
drum. Drums shall not be placed closer to the
outside edge of the slab than 200mm, and there
shall be a gap between drums of not less than
150mm.

3 Two layers of 245 mesh shall be fixed in the side
walls, lapped at the corners as shown in the
drawings, and side shutters, coated with an
approved shutter release agent, fixed rigidly in
place. Two layers of 245 mesh shall then be fixed
over the top of the drums. Minimum laps at
corners and junctions of mesh panels shall be 60
diameters of the 6.3mm wires i.e. 375mm, and
cover from the top shall be 40mm.

4 35MPa concrete, with a superplasticiser added,
shall then be poured in the shutter. As soon as
water is no longer visible on the surface, an
approved spray curing compound shall be applied
to the top surface.

5 After not more than 24 hours, the side shutters
shall be stripped, and the concrete sprayed at the
sides with an approved curing agent.

PS9: Applicable Standardised and particular
specifications

SABS 1200 A
SABS 1200 G

PS10: PVC waterbars shall be in accordance with CKS
389 of 1973 Flexible PVC waterstops, and shall be
200mm wide type Supercast Rearguard R or equal
approved, fixed in accordance with the manufacturer’s
instructions. Waterbars shall be jointed with a
corrosion resistant mechanical fastening at a point
adjacent to a corner. At the other corners the waterbar
shall be bent, and the lugs only carefully cut to enable
a sharp corner to be formed.

General

Concrete (Structural)
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ANNEX V

Hazardous Waste Situation
Questionnaire
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Information Note to Users

This questionnaire seeks to collect basic, country-specific information in order to give an overview of
hazardous waste generation rates and disposal needs. This information will allow an appraisal of the
environmental problems, the sources of hazardous waste, and the management elements already in place.

The first part of this document consists of a simple two-page overview questionnaire that can be used alone or
in conjunction with a second, more detailed survey. When used alone, it can be widely distributed in order to
quickly obtain an appreciation of the general situation in a country. This overview questionnaire can be
completed by country personnel without requiring a great deal of research. They will rely on their own
knowledge and experience, and perhaps on easily accessible documentation.

The second part consists of a more detailed questionnaire for in-depth investigation of the factors important to
the management of hazardous waste. It is designed for use by consultants or experienced national experts. It is
not suitable for mail-out.

Both parts can be used in actual country studies. They are also useful in preparing trainees for a forthcoming
course by collecting information in advance that can then be used in association with this manual.

In order to complete all the information asked for, it will often be necessary to contact special information
directories, handbooks and annual reports, and to contact information sources in various government
departments. These sources should be indicated in appropriate places in the tables to allow follow-up later.
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1 OVERVIEW QUESTIONNAIRE

National hazardous waste situation overview

Depending on the question, mark the appropriate box, write the correct answer or provide key

words in the space provided.

National Profile

Waste Generation

BOPHAROR v ..o DD cnsismamsimaa

Main economic activity:

Main industries:

Main problem wastes .........ccovveevveeirriceeiierncecenn

Major industrial waste sources
wreeenneennneens identified/not identified

Other hazardous waste sources ........ known/not known

Waste Surveys:
SUTVeY ACENCY(S) viicmimiininisamssiiiusiiaiiiis

| toxic air emissions waste import

_ landfill problems | transport problems
| contaminated sites 1 safety risks/
poisoning

animal/fish kills
Mark [1] if the problem is minor; [2] if it is serious.

| fires, spills of chemicals

Waste import .........not known/unconfirmed/confirmed
Checklist of Problems Waste Transport/Disposal
— Wwater pollution | waste dumping Specialised transport operators .............. exist/not exist

Specialised disposal facilities exist for ..........cccceevvirees
Industrial waste recycling exists for ..........cocceeevvninins

Garbage dumps receive
wenneennns. MIUCH/SOMeE/nO industrial hazardous waste

Regulations/Standards

Administration

Legislation* is in force on:

hazardous waste disposal..........ccconvevnerennn 1 [
hazardous waste transSport .........cevvvmmmemimisienna .
watetpollution ... nianniaammasaa B
solid waste diSposal .........iiceicssassisesssssnsssssansons L
export/import of Wastes ........cocumnncsisnisnnnns 1 L
Waste Classification system exists? ..o L

* If answer is yes, attach details.

Environmental Agency/Ministry:

Agency responsible for hazardous waste
management:

Enforcement agency(s):
Agency for industrial development:

Contact agency for Basel Convention:
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National waste generation overview

List below the main types of waste known by
you to be generated. Use the common
classification in use in your country.

List the number and location of
treatment/disposal facilities
known to you—

Waste Quantity

Oil recovery plants ...........covuvveerecererereeeeiniesseraissns
So!.vem recovery
NON-fETTOUS MEtal EGOVETY .
Cyanide treatment
Other physicallchermical treatmet.....................
Incmeratlon
CORIDNCINETAON u:0veomissmonmsassisamsnsmsmssminisissnmsss s svasiesvan
SR B o R s S A
Co-iPOSEl DAL ..o
Soldification/ENCApSOIBHON ..o
SKOCKPIEIG.errsi
A

Discharge to ..........ccccoeeciee.. SeWer [ river [ sea [J

If known, list the quantities
of wastes shown below.

Contact names for further information on
waste surveys and disposal facilities—

Waste Quantity

Actds/alkalis'c s Gmmmanmasananansnnsaueis
Heavy metal WASIES ....omuveisenmsssssvonserisnqissassnssssansssns
TOXIC MOLEAMICS o< v cvisiimiva s vt
RenctVe/COMTOSIVE . iviiisasiinminissmnissssisnsinissmissansdes
RO T s L e
Organic chemicals ...ouinminamiiaiiismnsiasis
PestiCide 1eSidULS s smmmisnsmamisssmss imantasssaniensasssaes
PCBs, chlorinated hydrocarbons ...........ccceceeiuneinnunnnns
Contaminated s0il Or eqUIPMENL ......cccowwusrrimaisssansenees
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o BACKGROUND INFORMATION

National profile

Give a very brief description of your country under the headings below:

1  Geographical (area, terrain, climate, population)

2 Resources

3 Urban servies (transport, water, sewerage, electricity)

4 [a] Economic activity and industries

[b] GDP

5 Political structure

6 Administration

7 Technical services available

8 Environmental quality (major issues)

Attach names of relevant Yearbooks, Statistical Digests, Country Profiles, and Environmental Reviews which have
been published.
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Background on industry

Indicate below the main types of industry found in your country with: none/some/many

H 15 < | N SUlphunc 80Hd .covamisiimsasai
Leather/tanning .........c.ccceecceeee.. Nitrogen fertiliser ........ccccoevevvennnnen,
Wood products ............coceceeeeeee. Phosphate fertiliser ........cccoocvnnene.
Wood preserving .......cooeenveeeneen. Speciality chemicals ...................

Pulp and paper ..............cccccoueenee.. Petrochemicals «.....covveeeieniennnns
PN nnnnmnnnaranmas AU o iiarnins
Chemicals (1iSt) .....ocooevereerrenennne 7o 1 o 0 ) O ———
Plastics (PVC).coueeerveeereviereerennns Base metals.......cccoeeeeerrerveesnersnnns
Plastics (others) ...........ccccueeneeee.. Battery manufacture ...........ccceueee
ChIOKINR i veonssvicnsmmmasssmminsiaiaisise. MGIA] FABFICAION «.oviiciasnsmirismssonsinne

Cement... axttenisates
Shlpbmldmg/repalr

Which Ministry or Department is responsible for keeping employment Statistics? .........cccevieveeeeeceeereereceseranens

If available, attach employment and production output for each of the above industries.

Background on specific activities

The following sections deal with some activities that ‘'may, under some circumstances, give rise to hazardous
wastes. Please list the information requested in the space indicated, using available handbooks and reports to

provide the data.

1 Agriculture
L B o By et G LR O )

Irrlga{ecl crops

2 Mining and minerals
MIRCEALS THINR <ouveisenessvssnmisssssisissansssasisasinims

Minerals smelted ........cocoveveveercrreerreresciannenn.
3 Energy

Type of fossil fuel produced...........c.ccvvenrnene

Number of storage/distribution centres ..........
4 Transport

Number of registered PUCKS -ovieciniinssins

Shipping
Number of ports.... Ty
Number of bulk temuna!s

5 Cement
INOmBDEEOEDIANNS . reroirissessrasssmssasasssasanssastt

6 Medical

Number of major hospitals ...........c.cunrinnecs
Number of medical laboratories .....................

Main crops exporled

Pestuc:des used

Number of pestmde producnonffonnulat:on plants

Minerals processed

Metals fabr!cated
Number of Tefineries s ainnaniansia ks

Number of Service StationS.........coveveecreeereernsereersesssens

Total tonnage handled <oz
TORNATE oo e S G er S vy

Total DUPUL it s s vt

Number of Private CHIICS .. .copousresrsersmsriasensansansnssnsarss

List Information Sources CONSUIE ... ihinresi i otiiosa s sibsessiriissisbsamsssss

Vehicle manufacture ...........ccccccevuunee
Electrical machinery..........cccoovveunene.
Electronic components .......................

Others (Indicate) ... i
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Background on employment

As employment rates can give an approximate indication of waste generation, please show employment in the

sectors below.

Industry Sector Description Employees
ISIC code (x1000)
31 Food
Beverage
Tobacco
32 Textile
Footwear
Leather
33 Wood
Wood production
Processing
Paper, paper products
Printing
Chemicals
Petroleum
36 Non-metallic mineral products
37 Basic metal production
38 Metal fabrication products
Machinery
39 Other manufacturing
D Services utilities
Total

Source: Specify whether (i) Industry Ministry or (ii) other.

Background on environmental problems

It is important to know the types of environmental problems being caused by hazardous wastes. Please.complete
the questionnaire form on the next page as indicated. Initially try to complete the form using your own knowledge.
Subsequently, copies of pages 292-293 (Environmental problems due to hazardous waste) should be sent for reply
to ministries, departments, or other organisations competent in the sectors shown in the table below. The table
allows you to keep a record of your contact with these organisations.

Sector/Organisation

Water and sewerage

Waste disposal

Pollution control

Health

Agriculture

Fisheries

Fire services

Factory inspectorates

Shipping

Transport

NGOs

Environmental research institutes
State of environment units
Industry federations
Municipalities in industrial regions

Date sent out Date of reply

.................................................................
.................................................................
.................................................................
.................................................................
.................................................................
.................................................................
.................................................................
.................................

................................

.................................................................
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Environmental problems due to hazardous waste

Problem Group

Pollution

Toxic effluents are affecting marine or river life? ..........cooevovieivriiviicse e eseens
Qils and chemicals are burnt under uncontrolled conditions? ..............c.ocovvivervireincirieennnns.
Toxic discharges are affecting sewers or sewage treatment? .............ocovueeeveeenernseresiessinens L
Leachate has been detected escaping from landfill?..........c.ccooviiiiniiiiiciiiniiiiiiie s erenesiens |
Excessive chemical residues are detected in fish or in crops? .........c.cooereveviecerireveesinsennnis -

Vehicles sometimes discharge wastes to land or to Water? .........cccocevvveneeriiesisreessisnssnns

Toxic emissions escape to air from factories? ...............

Landfill

No controliexistsat 1andbillSiles T aiditininisnmininaiinm s sirasess mssgspmasssnnasntzarassstlLL
Drums of chemicals sometimes found at the Site? ...........ccocueeuriiscirisinnsieies e sesesesseneas
Liguids being discharged to Xandfill Ze.cilsnnninminmnisamemmias s e e
Bitesfram ehemicalsioacaratiian i< o US| (]
Leachate is'éscaping from some landfills? ...l cmammmmniiainnumsmssiol
Serious odour problems occur at 1andfills? ...

It is common for people to scavenge on landfill sites?.........ccoviviriviiiiiiiinneiiieene e

Export/import

O T X PO I D Ot N CETLS TS
EHSUDSIIATSE CIARIISY rcis viinsensmonish iavsssisissss s sk foms svssvassn s va o issss Aarsasia i s aba s iaies

Wastes are shipped overseas for treatment/disposal? ...........cocveocieicinininciensncceen. |

Dumping

Dumping of wastes is detected along roadsides?..........covveveniiininninnnnissn e

Dmms have washed up onithe beach? ..icmunisuniaiiminmmimim ks st

None

"Odours are detected frOm FACIOTIES? ....oveveveeeeeeeeeeeeeeeeeeeeeeeeeeeeseresssesesesssssesesssssssssssssesssssenssens |

]

Wastes are known to be dumped at SEa7 .........ccvevevirinrccmiiniricssnse e sse s s s sernsennens |

Waistes are dumped on factory PretBiSBE ..o . visieoiiiisinsisnnisiss siswass s sonbadas s s sbesbmssss

Old contaminated factory sites are Known t0 @XiSt? ........ccccvviriiesnreriressensnsssessessnesssesessses

Unsafe operations

Some people have been injured/killed by industrial wastes?.........c.ccocoviiiiiiniiniisiinnnn.
The handling of industrial wastes is Unsafe? ............cococeoeireriinirnrsomasnaeansnsasssnsnsessensansase
The transport:of industiial WASIES 18 MNSATEY ......ccuiuiamainsssseimsmtsrasasiaisisasessmmusassssiavesnsn

Waste materials are often not labelled, and in poor quality containers? ............cccoccociiununs

[l

L

(21

C

(1Y,

Severity
Some Much

— —

|
(I

Ll
L]

[
[

|
L

|
[

OJ

0o

]
O

Ll
8]

|
=

]

L]

continued ...
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continued. ..

Severity
Problem Group None Some Much
6 Storage

Surplus pesticidés are known to be Stockpiled? .......cocvoeveveieieiieiiiceceeec e L

* Chemicals are often stored under unsafe conditions? .........c.ocvievenrinirinerisrssmerineeseeninns |
Waste chemicals are accumulating in StOrage? ...........cccocvereamereesisnesinsrassssssssssisssssnsassssons L ]
PCBE are stored by SOME COMPADIEST. .vssusnnis sususssansiuessasmssnsnsossssmsnssiios st ssissmsssssssiesiasss o] [] ]
Treatment sludges are being:sfored? ocansmnnagias uansimnmeranisimmasimimsid 1 ]

A AN O A0 ST AT R OIASET . vccurmsnasorsviny iveess vemivss siasass 4o Has A BB S MR ES ST L ] 7

7 Soil contamination
Contaminated industrial land identified? .........cooeioviiiiiiieiieee e areees |

=)
[
|

|
|
|

Other contaminated 1and is KNOWN? ........cv.eeeromeerreeeriossssseosesseesssessesssssseessssesssssssssesssssseess ] 5

River or harbour sediments are polluted? ..........cciiiiimnmaiiiianainiiosismsseseatsasi L ]

Surveys are carried out before industrial land is redeveloped? ...........ocovvvivveiiininniininn L] m
8 Transport

Accidents involving hazardous Wastes? ..........coceeueeerrerreeresbeecceesnrsssesse e seeses e ssesssesesssens |

B ofndasiial CheRRoAlSY o mnanmmmmamanssmmanmases s e

i)

Vemcles well maittained? . . . ocinnmimiinam i e eserma

|
l

Continerd 1 E00d CONAINONY s oo wsmsmmsiivsaas s s R s s sane ] - L
9 Cost

The cost of treatment IS high? ... nee L [ )

The cost of clean-up i highY . uinnammnninmaanaamapisasssasmsisssi O

There is no good market for recovered Material? ............ccovevueesersesssemsnssnsessssssssssssssensons L L '

10 Publicity

There has been adverse publicity about hazardous Wastes? ............oeveerucreeucecmeresrcrsessinns L O C
There have been reports about injuries and damage to the environment? ............cccoeverinne L L] O
Public COTCEIn BDOUL WASTEST ..cuuicrsssuasismisaisinsimmens sivisiss sssasssssssssiaisssisadussssnmassessssiaissanssss L] S O
Public opposition to new treatment PIants? ...........cccuoieurmieniecriessncienereisessenssnsscsenesensssnsns L ] O
Are certain public groups active On Waste iSSUES? ......c.ovimseinnimsissnsssnmssssssssssssssssssssnsens O O

|
J

Have newspaper or media reports been frequent? ...
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Background on environmental sensitivity

Estimate below as far as you are able the information requested as: none/some/much.

1 Sensitive environments

Enclosed harbours/bays ........cccccoeeveevviivinnnenns BSTUATIES i coceuninimmiussansincosnpsboiitosmiinedvibinioniinssisasshanmis
Coral Teels oo R s Inland 1aKeS ......ccocvcermevinieiiiie e
Rivers used forfishing/arinking/agriciltire ... .ciiniisiu i e i e
Groundwater used for drinking/agriculture ...........c.ocoovecviiiiieceisisie e

Groundwater is shallow ..........ccccoeeceeecrernennee. Flooding/inundation ............c..coveeeeviirseereererssssessesnns
Stable air/air inversions over towns and iNAUSETY ATEAS .......ccccccciiiiiiieirnisneiiseiiirrsissssiessesssssssssssssmssasssessnsanes
Important natioHal PATKS' OF MALING TESEIVES L. .v.sssusessssrimass sstsninssasss sesssrastsva sesis s s sbniesavssssdo3 SEoEeaHs 54354555553 153 654340

2  Human environments
Urban habitation close to industry? ................ River water used for drinking supply? .......cccococservnnee.
Subsistence fishing is common? .................... Tourism: is IMPOMARLY. - i mivimvsimisinimsissiemsamdit
Scavenging on landfills/dumpsites? ............... Human habitation adjacent to dumpsites? ..................
Agriculture close to industrial estates?........... Re-use of empty containers is common? .............c.....

Background on waste classification

Show below (or in attached documents) the method of classification of hazardous wastes and chemical residues in
your country. If no official system exists, write down the names of those hazardous waste types that are of greatest

concern to you.

Waste types Code Number (if any) Quantity produced (if known)
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TABLE 1: Hazardous waste generation

The tables in the following pages ask in various ways for data on hazardous waste generation from a number of
sources, and also for details of non-hazardous waste, as far as is known.

As data on waste generation is collected differently in various countries, you may not be able to respond to all the
tables shown. In this case, please provide whatever data is available on the most appropriate tables. '

Indicate any source documents from which data was taken.

Table 1a: Hazardous wastes generation rates

Estimate the total amount of the following waste types produced.

Waste type Quantity (give units)

Washwaters (if hazardous constituents)
Acids/alkalis

Metallic residues, sludges, salts
Cyanides

Inorganic chemicals, salts, residues

Corrisive, oxidising, reducing wastes
Solvents

Oils (non-PCB)

Organic sludges, resins, paints
Organic chemicals

Pesticides

PCBs, chlorinated hydrocarbons
Contaminated soils and equipment

Total

I Y s et s i P T e R B T 8 o e g A4 5 P e N SR R GRS P S T T VAR Vil

Table 1b: Hazardous wastes from other sources

If you have any data on the following items, please show in the table below or attach a list.

Waste type Source Quantity (give units)
1 Lubricating oil Public and private transport
Other oils Machinery
Ships
2 Pesticides Agriculture, municipalities
Public health programmes
3 Solvents, paints Domestic households
Chemicals (misc
Oxidising agents

Cleaners, disinfectants

4  Solvents, pharmaceuticals, drugs, chemicals Hospitals, laboratories, schools

Medical wastes Hospitals, laboratories, schools
6  Others (specify) (Specify)
SOUMCE: ovvvoeeseseesessesessesesasss eesssassesessassasssssesseesesne saessesaeseeassasasessa s sees #EAee s e e e b eEaesaesea s s b s b s esna s e en e anes
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Table 1c: Other wastes from industrial sources

Please give any available details on the following general non-toxic waste sources, as far as known.

Waste type Source Quantity (give units)

1 High strength liquid wastes

2 Untreated effluents
Dilute washwaters

Effluent discharged
to sewers or rivers

3 Agricultural residues

4 Inert solid wastes
Factory rubbish
5 Mining spoil
Mineral processing waste

Excavation and demolition waste

6 Dredging spoil and sediments

If no figures are available, please provide a short description in writing of any relevant information, and attach to
this table.

SAUIEOY . civisinicimi s s sl i o e SN B T S S A S PR S B T A S TS A T Y R R s R
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Table 1d: Hazardous wastes as specified by the Basel Convention

* This table looks at wastes classified in the Basel Convention. Provide to the fullest extent possible information on
the wastes listed below.

(i) Waste Streams Quantity *
(give units in each case)

¥1  Clinical wastes from medical care in hospitals, medical centres and clinics
Y2 Wastes from the production and preparation of pharmaceutical products
¥3  Waste pharmaceuticals, drugs and medicines

¥4  Wastes from the production, formulation and use of biocides
and phytopharmaceuticals

Y5  Wastes from the manufacture, formulation and
use of wood preserving chemicals

¥v6  Wastes from the production, formulation and use of organic solvents

Y7  Wastes from heat treatment and tempering operations containing cyanides
v8  Waste mineral oils unfit for their original intended use

v9  Waste oils/water, hydrocarbons/water mixtures, emulsions

v10 Waste substances and articles containing or contaminated with polychlorinated
biphenyls (PCBs) and/or polychlorinated terphenyls (PCTs)
and/or polybrominated biphenyls (PBBs)

y11 Waste tarry residues arising from refining,
distillation and any pyrolytic treatment

y12 Wastes from production, formulation and use of inks, dyes,
pigments, paints, lacquers, varnish

¥13 Wastes from production, formulation and use of resins, latex,
plasticizers, glues/adhesives

v14 Waste chemical substances arising from research and development or
teaching activities which are not identified and/or are new and
whose effects on man and/or the environment are not known

Y15 Wastes of an explosive nature not subject to other legislation

v16 Wastes from production, formulation and use of
photographic chemicals and processing materials

¥17 Wastes resulting from surface treatment of metals and plastics

v18 Residues arising from industrial waste disposal operations

* If not known, write NOT KNOWN. If not quantified, write NOT QUANTIFIED.

BOHICE: <o osisssecisnumimisiesomssuiassis sonisss vaswonassvs NSO UV ONEUU D O SOOI
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Table 1e: Wastes as listed by the London Dumping Convention
Waste type Quantity * (give units in each case)

* If not known, write NOT KNOWN., If not quantified, write NOT QUANTIFIED.

S OUTOB, 1uavsuiassassaonsnersssnanssenss sasaasonassasssesssssnnssonsssss sonsnnnssssnnansnnsanssssasnants s6ennnentssnessnassisasnssnshnns onsnnassnansnsaensnasass

Table 1f: Other waste types

List information as appropriate.

1 | Waste quantities as available from local
information

2 | Waste quantities involved in—
Export import

I e
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TABLE 2: Hazardous wastes treatment and disposal

The tables in the following pages ask for data on current hazardous waste treatment and disposal practices and on
infrastructure.

Different tables may ask for the same information several times, and in different ways. Complete all the tables as
far as you can.

Table 2a: Types of waste treated and disposed of by industry on its own premises

Please show the most common forms of ON-SITE treatment given to the wastes listed in column 1, and also show
the industries which most commonly use such treatment.

Waste type

Effluents, washwaters
Acids, alkalis
Heavy metal-bearing wastes

[a] Inorganic chemicals

[b] Inorganic sludges
Cyanides

Solvents

Oils

Paints, resins

[a] Organic chemicals

[b] Organic sludges

10 High BOD wastes

11

Other (describe)

Industry sector/source
treating this waste

Type of treatment/disposal/
storage on site
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Table 2b: Fate of common industrial and other residues

Describe the disposal methods currently used for the following residues or wastes, as far as you know.

1 Waste lubricating oils

2 Unwanted or surplus pesticides

3 Scrap tyres

4 Scrap metal

5 Old batteries

6  Treatment plant sludges

7  Empty containers for chemicals

8  Refinery sludges

9  Ship cleaning wastes, slops, contaminated blast water

10 Incinerator ash or dust

11 Hospital wastes
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Table 2c: Fate of waste listed in the Basel Convention

(i) Waste Streams Current disposal *
method

y1  Clinical wastes from medical care in hospitals, medical centres and clinics
v2  Wastes from the production and preparation of pharmaceutical products
v3 Waste pharmaceuticals, drugs and medicines L

v4  Wastes from the production, formulation and use of biocides
and phytopharmaceuticals

¥5 Wastes from the manufacture, formulation and
use of wood preserving chemicals

v6 Wastes from the production, formulation and use of organic solvents

¥7  Wastes from heat treatment and tempering operations containing cyanides
v8 Waste mineral oils unfit for their original intended use

v9  Waste oils/water, hydrocarbons/water mixtures, emulsions

y10 Waste substances and articles containing or contaminated with polychlorinated
biphenyls (PCBs) and/or polychlorinated terphenyls (PCTs)
and/or polybrominated biphenyls (PBBs)

y11 Waste tarry residues arising from refining,
distillation and any pyrolytic treatment

v12 Wastes from production, formulation and use of inks, dyes,
pigments, paints, lacquers, varnish

vy13 Wastes from production, formulation and use of resins, latex,
plasticizers, glues/adhesives

v14 Waste chemical substances arising from research and development or
teaching activities which are not identified and/or are new and
whose effects on man and/or the environment are not known

v15 Wastes of an explosive nature not subject to other legislation

v16' Wastes from production, formulation and use of
photographic chemicals and processing materials

v17 Wastes resulting from surface treatment of metals and plastics

v18 Residues arising from industrial waste disposal operations

* If disposal method is not known, write NOT KNOWN. If the waste is not produced, write NO WASTE.
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Table 2d: Disposal facilities available

Please list any facilities which are available to treat waste off-site, i.e. away from the place of generation. Include
both commercial and public authority facilities. Indicate throughput if known. If no facilities of a particular type
exist, show ‘NONE".

Facility type Capacity/throughput (give units)

I Incinerators for industrial wastes

2 Co-incineration
e.g. cement kiln, industrial boilers

3 Treatment of cyanide wastes

4 Storage site for wastes requiring
incineration or treatment

5 Arrangements for high temperature
incineration of waste in Europe or elsewhere

6 Special industrial waste landfill

7 Municipal landfill accepting
industrial waste (number

)

8 Ship cleaning facility or slop storage

9 Any other (specify)

Table 2e: Waste minimisation and recycling

Show below any initiatives in waste reduction, exchange, reclamation and recycling.

Facility type Capacity/throughput (give units)

1 Oil recovery plants accepting lubricating
and-indastial oils forreslamnation ANMATESAIE: .. uavvmrnys rsvsoririmk s esarasasess v hs R s PRI CAR AR SRS

Co-incineration facilities
Solvent recovery plants
Non-ferrous metal recovery

Battery recycling/recovery

[= T B - B ]

Other (specify)

Management initiatives Details

1  Waste reduction
2 Recycling/recovery initiatives
3 Waste exchange service or operator

4  Other (specify)
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- Table 2f: Disposal facilities available (as per Basel Convention: Annex IV)

This uses a different format for listing disposal facilities. Again, indicate throughput if known.

o] |
D2
D3

D7
D8

D9

D10
p11
p12
D13
D14
D15

R1

R3
R4

RS

R7
RB

r10
Ri1
R12
R13

_ponds or lagoons, etc.)

" Used oil re-refining or other re-uses of previously used oil

Disposal facility Capacity/throughput
(give units in each case)

Deposit into or onto land (e.g. landfill, etc.)
Land treatment (e.g. biodegradation of liquid or sludgy discards in soils, €1C.) .....cccververevrrereerercrecrerrereiinns

Deep injection (e.g. injection of pumpable discards into wells, salt domes
or naturally occurring repositories, etc.)

Surface impoundment (e.g. placement of liquid or sludge discards into pits,

Specially engineered landfill (e.g. placement into lined discrete cells
which are capped and isolated from one another and the environment, etc.)

Release into a water body except seas/oceans
Release into seas/oceans including sea-bed insertion

Biological treatment not specified elsewhere in this table which results in
final compounds or mixtures which are discarded

Physico-chemical treatment not specified elsewhere in this table which results
in final compounds or mixtures which are discarded

Incineration on land

Incineration at sea

Permanent storage (e.g. emplacement of containers in a mine, etc.)
Blending or mixing prior to any disposal operations

Repackaging prior to any disposal operations

Storage pending any disposal operations

Use as a fuel (other than in direct incineration)
or other means to generate energy

Solvent reclamation/regeneration

Recycling/reclamation of organic substances which are not used as solvents _
Recycling/reclamation of metals 4nd metal compounds
Recycling/reclamation of of other inorganic materials

Regeneration of acids or bases

Recovery of components for pollution abatement

Recovery of components from catalysts

Land treatment resulting in benefit to agriculture or ecological improvement
Uses of residual materials obtained from any of the operations numbered R1-10 .....ccovvverrrieeineseeneenenenn

Exchange of wastes for submission to any of the operations numbered R1-10

Accumulation of material intended for any recycling or recovery operation
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Table 2g: Waste management services available

Please indicate the level of service: i.e. none/some/much, in each of the categories below.

1

£ W

e =1 O Lh

10
11
12
13
14

Sewers accepting industrial effluents  accepts all WaASIES ........ccocieivriin it seer e
pretreatinent FEqUERH ... .i.c cismiiiomisimmi i i skl B i eiis

SPECIAl CHEIMICHISEEVICES. 1 vvoversmintrainssransonsnsn iavsmsmsnysinsses iessssenssssussuivias sdsyains s oa s iasshitaiss e oaR s RN oS TodR

Hazardous waste tranSport SEIVICES ........coceueevruvrermereriiessesnssiserssnsens

Other WaSIE COMITACIONS ...eevuvvrreiseerissreasrsrnsesssssssissessassssssssssssssssssssssasasssesssesssssnnssssssessssnsesees

Chemical laboratories capable of analySing WaSES ..........cccvueeiereeeeieereeerieseeeeeseeeses e e e sesssesssssenssnssssnssneons

Consultants for Waste fTTEAMMBIIL -....c.iviiiiiiiiiimatisiioiiiiniraissrsstaissssnbmrasssossosmasssxanstansnsaensesesssorsensesessnsnasasssnnasssonar
Constiltants for enVITonment: BIA i s G e e i nr it e i

Emergency response team for chemical fires and SPills .....cccccoviiiiiiiniciiniiceieciisecisreressessnsssssnssnsssesssnessases

Programme of community awareness and preparedness (APELL ) ........ccccoucvinieiieninieiieiasscisesesinesusssensenssssnsssens

Chemical or environmental engineering departments eXist @t UNIVETSILY ..evve.vveeeiereriseessiecsississesesssasesssnsessnssns

Professional associations exist for—

waste management professionals (€.8. ISWA) ....ccuuinmsiisinmssmmmssisssasnsisssionsoisosmosassssssossssbsnsassassasissssiorsasboins
CHETNICAL BN PIRERIS e sovrisrsrvssvmrnnssmmusnsrminmrarsssssnssns s sassessnsensnses fuseser s iavoshsnaninsins ars SRS Sa SRV R SRR NS iy s eyl ing

scientists .............

enVIroNMENtal PrOFESSIONALS ...o.ccuimieeieccicie et ettt e e e s s e e e sesssesssa et sasssaesaseresesssesenssssnnssssesssnssens
YT Tt T a1 13 B 1A Do S e e e T e S P S TS M R e S e
for professionals i sr ki i e R e R e e T e

for drivers ...

L O T NG SV B s cicitcs i o e e S e e S P VYA Ve e A e S

A pollution complaifit'service existsfor the public «...ciniininiiimiinni it st

A WASLE EXCHANEE SETVIEO EXFSES . vouusssnaruss s susssssnssssows oo s siniomidus s soboi i os 595 was S5k s sm44d 660 NI WSO HASHAE MoRR SR ASHS

Atechitical Information ServICe/IIBIATY EXISES .u.cuurmusismunissssneminnsssssssssmssets srss osssmindsommes fs e sssmsaaiaRusamass

Indisstry: associations/Productivity COUNCIIS BRISE . .covuresrsrssmsrrsesismsnsmssieisesonsssiniinssnsamsnsstssnsiassns risessmasvamisnsspGrss

Citizen-based advice DUrEAUX/INGOS BXISE .uvveeieiirsreeierirsureareessssseseerssssseasessisessnsesseessnssssssssssssssasasessoesssessssasesseass

Table 2h: Hazardous waste transport

Are there transport services which specialise in the transport of:

—hazardous industrial CHEMICAIST .. vin s iuisanismimansss i aivinisas ssarasy P vt s oo s esiToise
—FIArATABIE THGUIAST <\ ciccs0s snconssniousivansnasson isuavenssesea s sk sassiomssssss KA i Soms NN AT om s S AR S S IE RS
e O O S N AR evas cn e S A DS s TR DA KRS A e Y S R AP SRR SRR TR SR e EE A A

Is a special permit required to transport such materials? ...

Is a load manifest or other special documentation NECESSATY? ......oovevveerrerenrereeenreresrerseraeressesnneneenees

Are transport vehicles identified with:

—TIN T BAZAN ST IDOIS T vscimsvaimevnasasimmammnsssussnsasesinssavinestrstvoms e SeTas i ShAiss H o VAT AV KT CE 2T S
B T AT an 1 e L s sy ey e el S e P e T A b

Are special containers used for hazardous Wastes? ...

Are there special training courses for drivers of such vehicles? .........ooiiniinricnnnc

Yes

RN

0 BB

L]

|

Which authorities are notified in case of a spill or accident? ...

Is:such notification MANHALOIY? s ciciimiintiii siiiiiosissvnivasmesiasisassiasnsiss bosivsavai saiesssssamssussaved

Is there:

—an association Of ANSPOrt OPEYRLOLSY. ... c.ciiiiimsissieisimersis st i usgainssssgsss s as v i 3anbhnssnss)
<—a special union fordrivers? . aainan i i s s R R e

0

&

oo

BN, Ol

O

i
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TABLE 3: Regulations and discharge standards

The tables on the following pages summarise the environmental and health standards applying to hazardous waste
treatment facilities, as well as to industry generally.

Table 3a: Principal laws and regulations

Please list current laws applying to or which include mention of the following items. Note for each the government
agency * responsible for administration.

1 Environment protection generally, including EIA

2 Water pollution, including marine pollution and oil spills

3 Air pollution

4  Management of industrial waste

5  Solid waste disposal, including dredge spoil and mining spoil

6  [a] Transport and storage of dangerous goods

[b] Transport of hazardous waste

7  Export/import of hazardous waste

8 Chemicals and chemical wastes

9  Soil contamination, clean-up of sites

10 Pesticides

11 Occupational health

* If more than one agency is involved, indicate the role of each.
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Table 3b: Standards applying to environmental media

1
Discharge to water”
(mg/)

2

Discharge to
sewer” (mg/)

3

Discharge to air*
(mg/m®)

4

Occupational*
exposure

Cadmium

Chromium

Mercury

Copper

Lead

Zinc

Nickel

Cyanide

Phenols

Oil

Solvents

Suspended
matter

COD

pH range

Dust/particulates

Any other
(specify or
attach)

Name of regulations applying to:

L) O st e o e e o SRS TR A s R e RO T S e T B R S R TS T e o e A e e
B T e ey T T P o T T S R T L T e T OO D T e e T

TR IV 556 s 50 15 455433836838 AL RSN et e

[A)ADOVE. ... ersrrsronrasssnssrnsnnasassasenmsnsanssns smemmssss setomis s bSO AR S VNS AT LTS T AT SY SR RO SS A S AL Ran PSR B g S

* If more than one set of standards applies, attach further details
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Table 3c: Controls applying to solid waste disposal

Specify below the requirements and standards currently applying to landfill and other solid waste disposal.

Include domestic garbage, industrial waste, mining spoil, dredge spoil—

.....................................................................................................................................................................

Table 3d: Standards applying to treatment and disposal of specific wastes

Please attach details of any special environmental standards or requirements that are in force for disposal of the
following.

RIS o cansiavmssnsmmitions s i Rrcsavamass e aR A o e e e RS AT PO A SR S SR G USSR N e s pi el
T 1 e P e o B
IVETRENITY s o R 3 N 5 S M S 0 R G o SR o U o T 0ROV S VS RS SN S
SUIPIUS PESHCIACS ..vvvvveverseuersesesseseuessisesstsssessessesessssessirassses s sesss e s s et s st st s s s s b s s e st e b e e bbb e b sn et ernsaneaes
SArplah drags, pharaceliticals i minans s R R R T

ANY OIEE (SPECIEYY v con coivims s o ok s 83 w5255 5 08 S 8 4 S A A eSS RS oA NSRS R SRR on

Natie OF e A Ol AP HCADIC S o soomscomimmummnms s s3nassv g w553 A B £ S RN s s Vs g S p s s e
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Table 3e: Controls applying to specific treatment and disposal options

Indicate the types of permits, approvals, restrictions, and other controls that apply to the operations below.

Operation [i] Type of control or approval required Issuing agency
[ii] Name of regulation which applies

Hazardous waste generation N ey o T e

Factory emissions to air [|]
) I
Factory discharges to water [1]
o
T S,
[ i imemmmremrmommmi
Transporter [:]
] s
L Tem——— T
o D
Disposa clies B .o
T S

others L U o s

)
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Table 3f: Standards or controls applying to specific industries

Type of Industry Types of emissions, discharges or | Implementing Agency
operations controlled or banned

Give names of regulations Which apPLy ..ot ns

Table 3g: Important policy considerations
List any official policies which apply to the following.

Ve BRI i s s s 4 S eV S0 ST i w0

VRSP TNOIE ..o e A R e e B A B s B T T e R T T U s
3 e O D O st o o e S T T S RS A ST i o e S e o e B R e PR B L T
4O nership O FACTIRS v it i o v s i R e A O S G e T S
S P S AIABTIETITETCEOIICE s vussssssessssnsasiosseavus isaas s5asds nasoss eevsasuansss sobs) PHASH3 EoRe s TSRS NI S S S A AAN Yo mb R SO
6 Source of financing of treatment fACIIITIES .....ccvoveeiiiriinieesserirsis e s e srae e ss s s ebes s b e anees

T Permit and approVal F0es i oot i o o oisoeatansipsnsh seavasoovs somssasbas o varia s apdis s oSl i
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TABLE 4: Implementation

The tables below cover a number of aspects of administration, inspection, monitoring and surveillance concerning
hazardous waste.

Table 4a: Administrative responsibilities

Please indicate which ministries, departments, agencies and other organisations have designated responsibilities for
the following.

I Environmental I Dact AR S BN e s R i R I e R T e e e S S hdety s oo ranit

2 [a] Setting environmental standards (air, Water, Jand) ........cccuvveeeieiiiiiiiieie e erres e e sr e e reesbr s erbeesas e benns

[b] Bnforcement of standards «.cinciammmiinmimiannibm s s d s e e et AN e e

3 SAnAards fOl OTSChAT FE B0 SEWEES cvcvururs sovnssisssnssscs ssnsisss iunmsinssssesss5iss fanms s sinad Vo SRS A £ Y LM s o b BSR4

4: Approval permitsfor |[a] IndUSIIALSIES i i ssiissionssdeaivimavsasmasvatosiasastsasts

[b] hazardois Waste FACIILES  ...oxivciiiiviimamnisiissinivisssasosnisis sovmasssssisisvivissns s vesesmss

S NIRRT O O I s e e e s e Fa e e B S e e S b T P s S RS e e e e

Hazatdous Waste TOMMOTIIE risccusssssss sonessivass usssosssnsssssns s omses s s sosas i o e 60080808 3 Gh38 0800 BRSORo VU N SR AR RS RV S

6  Control over toxic chemicals and pestiCides ...........ccoiviiiiinimincinc i sares

O T o A T 1T L L T g o ey R o W B o SRS

8  DispoSAlOFATDAN WARKES: . couyiniimisbisssm iaisaseusn s55mesiois b svasss s bS8 o R A RS b vESA B PR oA RS by S

Managhe/supervising IandRISIeR",. . conermaiesamsrasstssmnsasnssossmnssssssonsasassersonfisns iansraensanomasansas et isassk adhanses L SHATE

9  Policy for pollistion And HAZAPAOUS WASTEE: .. «.c.ouissussstsasissssiuotesshsssssisssuonsshes i oo 15T v EHE s SoRaE4BSeRs RS TGS

10 Treatment, disposal Of hazardoUs WASIES .........c.ccverurerreerinesiesmsesesssissesis s e ssbass s sssassns s ssasrashsassasassasares

continued ...
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continued ...

11
12

13

14
15

16

18
19
20

21

Elean-up 6f dumpsites and chemical SPIlS. uoimnmsnienumsivummesim i i ws s i

TrOnSPOTEOL | [R] IO AT AOUE UBSIES .onrwsssomanssssnsmssssasaasassssenssseseas ovsvosesss oo i s vas s soansea F9WH o amAanoRe o s soiseas

[D ] A e ORI B OBS .  e  rr e e e s e A S e AT RS Ao AR A SRR A S A
Export/import checking of wastes
Bocalipoint for:Basel CORVENMON ...ttt sissierims s ionssssssnioniseasims fesssrssobsmssrasts
ROCAE DOIY TOR TR .ccxmeuns svsuesmnns ironsssssoaessss Suss R oA 8o V4SS5 A Y P WS e A e VSRR SN SRS
Chemical eXposire in the WOTKPIACE .o i i e o s S o s SR
R & D N NVITOMITIENL ..eovviviitiueerriouiseseessssesssssssassesssessssassbesssassssssasseseasssnessassiessassbasssassesessssssetensssnsesassssssssessess
OV BT T BT ROOTIOS s v v s S48 SRR RS G55 N AR SO 0 P A o SN P o
State of enVITONMENUTCPOTHIE ... ..o iisiemismseissmvias s bes s o oS e b o e vs amasmaadeabs

O EIV ATOTT SO 55 s somvsnse rvas s cars s 958K B R SR DA B 5 R oS oR VA SR KR eSS H VRS IR PRS2
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Table 4b: Inspection services

Please indicate below details as requested about environmental inspectorate.

1 Agency/department responsible for inspection/enforcement of: No. of personnel

water pollution

solid waste

chemical wastes

air pollution

pesticides

transport of hazardous materials

chemical storage

waste storage (if different from above)

site, clean-up

2 Coordination of inspections above, and any inter-agency cooperative arrangements

3 Training/qualifications generally required for inspection personnel

4 Training facilities available in the country for inspection personnel

5 Do inspection personnel have the power to initiate prosecution against offenders?
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Table 4c: Monitoring and surveillance

Please indicate the monitoring operations carried out in your country, and the names of the agencies responsible.

ltem Regular monitoring and surveillance Agency
Yes: give interval ~ No: spot checks?

1 Raw materials monitoring
—chemicals imported
—chemicals manufactured
—lubricating oil contamination

2 Facility and plant inspections
—hazardous installations
—waste treatment plants
—major waste generators
—other (specify)

3 Waste generation
—registered waste generators only
—waste import/export
—other (specify)

4 Waste discharge monitoring
—sewer discharges
—effluents
—air emissions
—wastes at landfill
—waste transport

5 Environmental monitoring
—water quality (list no. of stations) .........cccccevviiiinnnes _
—groundwater quality
—food residues: pesticides/metals

6 Health monitoring
(chemicals/poisoning)
—public health
—uoccupational health

Table 4d: Studies and research

1 List below the names (and publishers) of any official reports dealing with environmental pollution or waste
disposal that have been published in the last five years

2 List below the names of any research institute or official enquiries dealing with environment, pollution or
wastes




ANNEX V * LANDFILL OF INDUSTRIAL HAZARDOUS WASTES

Table 4e: Support services -

Please indicate none / few / many regarding the following services.

1 Laboratories able to analyse chemical constituents of waste

—pesticide laboratories ...

—COMMETCIAL ..eeveeeirieeeeeeereriee e ——BOVEITITIENL .......cerverereaeranssesaessessessessssssnessessessntnseensensensenes
—university/institutions .........cceveeenicniicannnns —DriVALE COMPANIES c...oiereersessacsarsrsaissaessasnsssronsansennsrressnssnsass

2 Consulting services

—water treatment.. —air emission control ..

—public relations, medla commumcauon

—waste disposal ..........ccceeruene - —environmental engmeenng/sc;ence

3 Emergency services

e L1 o e T TP Ty e B o Ry O R R YL B PR
—— e mIC Al SPILLS oo S s e s e R S e L B e e e S e T

4 Training/education (specify institutions or courses)

—BITHEOMIBHEAL <. cccosivencssinononssaninusnininssisnsnsansssriosnons 4o asss £od o s 550 R oREHES Ao AN SRS A A VAN S S SRS
A (LIS T IR Ty oSy
— AN ] A O i e ST R T R R R AT S e A S e T L TR iR e M e e o
—aceupational Weabth o e s e e st e eia hem s s e S o S e wa A SRR
—LEANSPORE SAPEIN v v st et b s o b e S P A e e T T T e TS
— IR P CTICY RETVICES i ciuiiauiiiusasaisions s sssass sivsiassssrassn b ot s oo e vws deavaa b s as S ST gAT e B S T s e A aaa iy

5 Technical documentation services

~—PUBUEASCHAICET IFARY. - . .usos ssessomssnus somss 5o smassssncss v o oS5 SRS A S S S SR N S s
TIRPTC COMEACE....covvvustunniseisssn s st R b

6 Professional associations

—INUNICIPALISEIVICES <isiirarsmitviivsyosssbotinsrisibsinscassorssommtesvesioss ShosnosseisassoamsIvbes HOEn s aVons s w sl RS oA H G SR vb o vaans
B O TS o L s i e e R e T R A e T Ve T T oA s AT SRR s s raa i e b Bl st
—OETIESES g g eaidivon sy b B S S U T AV e A OE LS NE rTTEts Grova e vog
—BNVITORMEREAL i i s v i ey SR P A S S B S TP VST S PSSR 909 ARV a3 o

7 Trade associations (give names)

—BRBIMUCHL .- ..o mcmressercnmcesanastenssnsassegssssasssansasssssss sssssevesponassnanspmasont ussopmesdasnuisenmasnssfesonsenrsnmynisthonsassnsnosisrsibiii s
= MANUTAETUEIIE o iais s ssas s e s e T T T e e P B N e e e e e s v
T T BTIOT oo o s s A S e oS S T s AR T e SRS I M 2 SR
—WASTE TNANAYCINCTI i o siosabnianinnss s siasats eS8 S TS A £ S o A eSS G PN S S e g
—PIOdUCHVILY COMNCIL viiiviamnmsnssnimmsasisssinavonssionsonss adssasonansioy iasndsainsssensmntsssmadeatsasssssnsninisssnnsotusihivas susissassuonsnssnys

8 Environmental groups (give names)

LT T 1 11 T It fvriv. |

9 Recycling/waste exchange (give names)

10 R&D

—TESEATCH dEPATTINENLS .iiiivivsiesussisvissosissistisisrisinisinsssbissessssassaransabesssbisssbusststssas srsnd ssadhssasnsasssesteraangeriosnronssrensebh
——CONSUIEIT . ciovcinsssosnesoneonsisdsis susedsssrssstsssssnsnnssriseessaisssSanssssssssasassasssmnas s0eesPATAL S Tor IB4RIARA 2 T8 9880084 s 40 SRS TR Kanavaionddth
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Table 4f: Key player analysis

Indicate below the names, titles and organisations of some key players in environmental and waste management
affairs.

1 Political figures who have made important pronouncements in favour of environmental issues

2 Key citizens campaigning on environment and pollution control, or who are known to have strong views

3 Key NGOs

4 Influential business persons interested in environment, pollution and wastes

5 Prominent researchers, scientists and educators

6  Media persons, journalists and writers

7  Union leaders concerned about health and safety

8  Important administrators in environment, chairmen of environment committees or enquiries

9  Key consultants, designers
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ANNEX VI

Contents of
UNEP Training Manual
Hazardous Waste Policies

and Strategies

Technical Report No. 10

The publication described in this Annex is the first of the hazardous waste training manuals
to be prepared by UNEP IE/PAC. This manual provides the basic introduction to management
issues concerning hazardous waste. The document is available from UNEP IE/PAC or UN Sales
Centre in Geneva and New York.
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1  CONTENTS OF THE MANUAL

Preliminaries 1 Part Il 19

About this Manual and its origins A Country Report : UDANAX

IMTOAUCHOR simiminaminanmmnsnnnsainmsd National Profile............cocecerrieiiiieccrnccsensrenennn. 21
ABOGEINHS MARERAY oo oo 3 IRAASHY BIORIE s s
About UNEP-IE/PAC; about UNEP/EETU,; Environmental Information ..........cooeevvvvvvesnenns 25
about ISWA . e Ty S | S
Hazardous Waste Generation in Udanax........... 27
Setting the SCene .......ccvvvvvvirnvernrvseesnraeisesnns 6

The Current State of Hazardous Waste

Infrastructure and Environmental Services ....... 29

ACknovedgements ...z 1

Part | 9 A Summary of Current Pollution Laws ............. 30

Current Administrative Responsibilities in

Background materials and references Envitonmnent q .....uuissmamisiniigicie D8

Working Definition of Common Terms ............ 11
Waste Classifications ..... 13
A Note on Hazardous Waste Classifications Part Il a3
Categories of Waste to be Controlled under
the Basel Convention .........cccoecvvrveevesseesenres 14 Casework Sessions
Main Industrial Sectors of the International A'Note for Sessiont Leaders:..iianmiiiiiin 39
g;?snlg :lr d Industriat Classification (!SIC) 16 Session 1: Assessment of the Hazardous
e Waste SItUAHON .....ccoveeeveereereiessessesssrensassneses 37
Report Format: .
Session 2: Technology for Hazardous Waste
Bpcatdons Worie Counby Rupottcesssnsa ld Minimization, Treatment and Disposal ......... 91
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2 PREFACE

e need for improved management of hazardous
waste everywhere is clear. Such management
requires not only technical resources and regulations,
but also skilled personnel. The lack of sufficient
personnel is unfortunately delaying the
implementation of proper management regimes, and
to make things worse, there are few facilities to teach
the necessary skills. This lack is particularly obvious
in developing countries, although even in the
‘industrialised world there is a serious shortage of
trained personnel.

This manual is intended to assist with the further
training of decision-makers who have already—or are
likely to have soon—direct responsibility for the
management of hazardous waste. The manual is the
result of collaboration between UNEP’s Industry and
Environment Programme Activity Centre (IE/PAC)
and ISWA’s Working Group on Hazardous Wastes
(WGHW). A particular emphasis of this collaborative
programme is on information exchange and training.

The idea for the manual came from the training
workshops run by IE/PAC during the 1980s. The
Environmental Education and Training Unit of UNEP
supported the concept and contributed to the
preparation of the manual.

Support from ISWA came through the technical
expertise of the WGHW, particularly the orientations
provided by expert meetings in Honolulu (1989) and
Barcelona (1990).

The manual simulates the problems and options for
solutions that are faced by many national
administrators. It is directly applicable to the
implementation of national and international
initiatives in hazardous waste management, as for
example the Basel Convention.

The present manual can be used in a number of ways;
for example—

* professional trainers and educators will find a
proposed training programme and technical
material that can be used in its entirety, or adapted
to short courses on specific subjects

* environmental and waste control administrations
can build in-house training sessions around the
simulation exercises in the manual

* national administrations will find advice on waste
situation reports, and where to locate relevant
information in their countries

* individuals can obtain a more detailed appreciation
of how hazardous waste management is carried
out at the national level

* technical personnel will find guidance on waste
management procedures such as assessments and
surveys, reduction measures, dlsposal options,
administration and so on

e consultants will particularly find the waste survey
exercises and annex useful in their work with
national authorities

e all users will find in the manual important
background information, tabular data, and key
information on management options.

Nevertheless, the manual is not perfect, nor is it static.
It will adapt as the hazardous waste situation changes,
and in response to changes in the needs of its readers.
Further material on specific technical subjects, and on
industry-specific themes, may be added later.

NEP hopes that this manual will assist all those

concerned with improving the management of
hazardous waste worldwide, and welcomes
suggestions for improvements and updates to the
manual, as well as active participation in its various
training activities.
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3 A NOTE FOR SESSION LEADERS

What follows consists of six Casework Sessions—

Session 1  Assessment of the Hazardous Waste
Situation

Session 2  Technology for Hazardous Waste
Minimisation, Treatment and Disposal

Session3  Legislation and Administration

Session4  Administrative and Organisational
Measures

Session 5  Building up a Hazardous Waste
Strategy

Session 6  Implementing the Basel Convention

The notes we provide in this manual are centred
around a series of tasks that need to be completed in
order to prepare a hazardous waste strategy. Such a
strategy was foreshadowed by the task force described
in the early part of this document.

The notes for each Session—

« specify the tasks to be carried out
and

* give some further information that will assist you
_in carrying them out.

However, the information is not necessarily complete.
Similarly, you needn’t always follow the examples we

give.
Often, guidance by Session Leaders will be necessary
to interpret and adapt the practical exercises.

Many of the exercises are open-ended.

A time limit should be set for the exercises chosen.
Not all the exercises may be completed in the time
available.

The notes are intended to stimulate—but not substitute
for—group work.

Local experience of participants may be valuable in
guiding the discussion.
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THE TASKS UNDERTAKEN
IN SESSION ONE
In all, there are four tasks involved in this Session. Exercise 3.4  Indirect estimation of industrial
The working group should report on the following— sources (method C)
Exercise 3.5 Indirect estimation of industrial
Task One sources (‘'INVENT' computer

model)

Exercise 3.6  Comparison of models

Report on the major environmental problems
that can be attributed to hazardous waste in
Udanax . Exercise 3.7a Industrial waste survey

Exercise 1.1  Environmental problems Exercise 3.7b  Small-generator survey

Exercise 1.2 Social problems Exercise 3.8 Non-industrial sources

Exercise 3.9  Other forms of estimation

Task Two

Report on environmental hazards and

consequences Identify the key socio-economic influences likely
to impact on future waste management strategy

Task Four

Exercise 2.1  Environmental hazards
Exercise 2.2  Effects Exercise 4,1  Key player analysis
! Exercise 4.2  Key agency analysis

Task Three Exercise 4.3  Other socio-economic influences

Report on waste materials (types and quantities)
generated in Udanax, and the sources

Exercise 3.1  Direct observation Purther infoemiation snd (ifsreaces isadid:io catty ol
Exercise 3.2  Indirect estimation of industrial the tasks are included in each exercise where
sources (method A) necessary.

Exercise 3.3  Indirect estimation of industrial
sources (method B)
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THE TASKS UNDERTAKEN
IN SESSION TWO

In all, there are three tasks involved in this Session.
The working group should report on the following—

Task One

Report on the general treatment and disposal
method for hazardous wastes generated in
Udanax

Background Exercise
Important properties of waste

Exercise 1.1  Treatment and disposal options: I

Exercise 1.2  Treatment and disposal options:
I

Exercise 1.3  Treatment scheme: [
Exercise 1.4 Treatment scheme: [T

Exercise 1.5  Treatment scheme: Il
— Basel Convention

Task Two

’ Alternatives to disposal

" Exercise 2.1

Exercise 2.2

Unacceptable disposal options
Wastes which can be avoided

Supplementary Exercise 2.2a

Exercise 2.3

Cleaner Production Technologies

Waste recovery

Task Three

Disposal facilities for Udanax

Exercise 3.1
Exercise 3.2
Exercise 3.3

Exercise 3.4

Disposal facilities for Udanax
Facility concepts
Immediate disposal options

Interim facilities and
arrangements

Further information and references needed to carry out
the tasks are included in each exercise where

necessary.
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THE TASKS UNDERTAKEN
IN SESSION THREE

The working group should report on—

Task One

The need for, purpose and application of
legislation

Exercise 1.1  Identification of environmental
problems

Exercise 1.2  Identification of policy matters

Exercise 1.3 ~ Waste handling activities to be

|

Task Three

Implementation of legislation (institutions)

i.e. Existing and/or new institutions which should be
responsible for implementing these measures.

Exercise 3.1
Exercise 3.2
Exercise 3.3

Exercise 3.4

Existing agencies
Implementing agencies
Permitting arrangements

Example of a storage site: I

controlled Exercise 3.5 Example of a storage site: II
Task Two Task Four
’ A package for legislation | | Review of a regulation proposal ‘
Identification of measures to be implemented straight Exercise 4.1 Review of a proposal

away, and those to be left to later.

310

Exercise 2.1  Legislative instruments

Exercise 2.2  Existing regulations

Further information and references needed to carry out
the tasks are included in each exercise where

necessary.
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THE TASKS UNDERTAKEN
IN SESSION FOUR

The working group should report on—

Task One

Review and recommend useful administrative
measures and practical arrangements for waste
management in Udanax

Exercise 1.1  Useful measures: I

Exercise 1.2 Useful measures: II

Task Two

Consider several options for waste reduction and

recovery
Exercise 2.1  Waste exchange proposal
Exercise 2.2  Waste oil collection
Exercise 2.3 ~ Waste minimisation: I

Supplementary Exercise 2.3a
Implementing cleaner production
technologies

Exercise 2.4  Waste minimisation: II

Task Three

Consider field arrangements to improve

treatment and disposal

Exercise 3.1  Pesticide collection

Exercise 3.2  Pesticide disposal

Task Four

Transport arrangements

Exercise 4.1  Transport monitoring

Exercise 4.2  Transport safety

Task Five

Coordination

Exercise 5.1  Coordination

Further information and references needed to carry out
the tasks are included in each exercise where
necessary.
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THE TASKS UNDERTAKEN
IN SESSION FIVE

The working group should report on— Task Four
Interim measures
Task One ‘
Exercise 4.1  Interim measures
| Environmental objectives ‘I

Exercise 4.2  New strategy elements
Exercise 1.1  Issues to be addressed

Exercise 1.2 Goals Task Five

| A timetable for implementation

Task Two

| = = o l Exercise 5.1  Implementation
entify exte constraints and influences :
. Exercise 5.2  Consultation

Exercise 2.1  External factors

Task Three

Strategy elements: policies, instruments, actions,
responsibilities

Further information and references needed to carry out
the tasks are included in each exercise where
necessary.

Exercise 3.1  Strategy elements

Exercise 3.2  Implication of regulatory actions

Exercise 3.3  Coordination
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THE TASKS UNDERTAKEN
IN SESSION SIX |

Preliminary Exercise Exercise 2.2  National surveillance programme
Application of the Basel Exercise 23 Inf 3
Coiwesifion xercise 2. nformation r.nanagemel:.nt

2y

The Task Force should pursue three lines of Exercise 2,4  Transportregulations

investigation— Exercise 2.5 ‘ Other regulations
Task One Task Three
Review the current situation of trade of ‘ Consider the regional implications
hazardous waste :

Exercise 3.1 Regional dis;.)‘(')sal options

Exercise 1.1  Current export/import
be be Exercise 3.2  Regional agreements

. Task Two
Consider the administrative iolnplications of the Further information and references needed to carry out
Basel Convention the tasks are included in each exercise where

necessary.

Exercise 2.1  Reporting sheet
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Z. . CONTENTS OF RESOURCE SECTION

' 1 Waste Situation Questionnaire
2 Model Workshop Programme
3 | Background on Management and Control Systems

for Hazardous Waste
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UNEP Industry and Environment Programme Activity Centre

About UNEP IE/PAC

e Industry and Environment Programme Activity
Centre (IE/PAC)—previously the Industry and
Environment Office (IEO)—was established by UNEP
in 1975 to bring industry and government together to
promote environmentally sound industrial develop-
ment. IE/PAC is located in Paris. Its goals are—

[i] to encourage the incorporation of environmental
criteria in industrial development plans;

[ii] to facilitate the implementation of procedures and
principles for the protection of the environment;

[iii] to promote the use of safe and ‘clean’ techno-
logies; and

[iv] to stimulate the exchange of information and
experience throughout the world.

IE/PAC provides access to practical information and
develops cooperative on-site action and information
exchange backed by regular follow-up and
assessment. To promote the transfer of information
and the sharing of knowledge and experience, IE/PAC
has recently developed three complementary tools—
» technical guides and manuals
» the quarterly review Industry and Environment
+ atechnical query-response service.
In keeping with its emphasis on technical cooperation,
[E/PAC facilitates technology transfer and the imple-
mentation of practices to safeguard the environment
through—
» promoting awareness and interaction
* (raining activities

and
» diagnostic studies.

Some recent UNEP IE/PAC publications

Industry and Environment Review (quarterly), ISSN
0378-9993. Issues deal with topics such as hazar-
dous waste management, technological accidents,
environmental auditing, industry-specific prob-
lems, and environmental news.

Guidelines for Assessing Industrial Environmental
Impact and Environmental Criteria for the Siting
of Industry. UNEP IEO, ISBN 92-1015-X.
122pp. 1980.

Hazardous Waste Policies and Strategies—a training
manual . Technical Report No. 10.
UNEP IEO, 1992.

The Impact of Water-BasedDrilling Mud Discharges
on the Environment: an overview.
UNEP IEO, ISBN 92-807-1080. 50pp. 1985.

Environmental Aspects of Alumina Production: an
overview. UNEP IEO, ISBN 92-807-1088-5.
42pp. 1985.

Environmental Management Practices in Oil
Refineries and Terminals: an overview.
UNEP IEO, ISBN 92-807-1108-3. 103pp. 1988.

Environmental Aspects of the Metal Finishing
Industry: a technical guide (Technical Report
Series No 1). UNEP IEO, ISBN 92-807-12160.
91pp. 1989.

Environmental Auditing (Technical Report Series No
2). UNEP IEO, ISBN 92-807-12535. II25pp. 1990.

Audit and Reduction Manual for Industrial Emissions
and Wastes (Technical Report Series No 7).
UNEP and UNIDO, ISBN 92-807-1303-5.
127pp. 1991.

Storage of Hazardous Materials: a technical guide for
safe warehousing of hazardous materials
(Technical Report Series No 3).

UNEP IEO, ISBN 92-807-12381. 80pp. 1990.

Directory of Information Sources on Air and Water
Pollution. INFOTERRA/IEO.
ISBN 92-807-12330. 378pp. 1989.

APELL: Awareness and Preparedness for
Emergencies at Local Level: a process for
responding to technological accidents.
UNEP IEO, ISBN 92-807-11830. 62pp. 1988.

Industry and Environment Programme Activity Centre: 39—43 quai André Citroén, 75739 Paris Cedex 15, France
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