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Abstract
A prototype knowledge-based decision support system was developed to compare the components and
parameters of the inputs and wastes of different industries and determine the potentials for reuse, recycling
or disposal and the treatments required for recycling or disposal. The specific number and the order of
required treatments was termed a treatment uﬁn and was determined through exhaustive searching. The
knowledge base included the input limits for each parameter and the formulae that definc the parameters
of the outputs for 25 treatments. The parameters depend upon the state of the waste and a total of 29
parameters were included. The system also determined the quantity of the secondary wastes produced by
each treatment,

To test the system, inputs, products and wastes from four industries on the Point Lisas Industrial
Estate, Trinidad were incorporated into the database, For the 73 wastes, the program produced over 4,600
treatment trains, with seven wastes which could not be treated to match an input or a standard. By
seiecting the treatment train which produced the lower volumes of secondary wastes, matching treatment
trains for co-treatment and sclecting the shorter trains, final options for treatment were determined.
Economic data x;rere not incorporated into the system, although a mechanism for such an incorporation
has been included in the developed prototype.

This research provided the following contributions:
a) Development of a prototype knowledge based decision support system for determining all possible

treatment options for successfully treating & waste for reuse, recycling or disposal;

b) Development of a model for selection of treatment options for each waste;
¢) Incorporation of different types of wastes from different producers into the prototype;
d) Determination of the input limits and formulae to define outputs from treatments;

e) Development of an approach that considers the concerns of developing countries.
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1.0 Introduction
With the advent of sustainable development as the overlying philosophy of the international

community, we must rethink past practices and initiate new policies. Achieving sustainability requires
that the concept of the consumer society must be replaced by a conserver society, in the hope that resources
will be available for future generations (Ekins, 1991). The production of disposable goods, the discarding
of waste materials and the disposal of wastes into the nearest uncontrolled dump or water body arc no
longer acceptable. Instead production systems must be designed with sustainable and environmental
concerns as priorities. This design concept, termed "design for the environment" (DFE}, links total quality
management with environmental management and includes environmental policies, life cycle analysis,
environmental auditing, waste management, emergency planning and prevention (Coteé et al., 1994).
According to Coté et al. (1994) the objectives of this approach would include:

“conservation of natural resources

conservation of financial resources

reduction of production costs relative to volume of product

reduction of raw material costs

reduction of treatment costs

reduction of energy costs

reduction of environmental liability and insurance costs

improvements in operating efficiency

potential income through sale of wasted materials

improvements in quality control

improvements in public image with customers

improved health for ecosystems and populations using the area.”




A significant portion of those objectives can be met by implementing a waste management'
program which incorporates waste reduction, material reuse and recycling and disposal with minimal
enviroptental impacts. The implementation of these waste management practices are intrinsic to
achicving sustainable development (Saraswat and Khanna, 1989).

Waste disposal is a problem faced by all societies. Waste handling and disposal practices in the
past have created expensive and damaging legacies throughout Europe and North America (Schneider,
1991; Somlyody, 1991; Russell, 1992). The effects of these poor waste management practices will have
repercussions for decades to come, damaging ecosystems and negatively affecting human health
(Somlyody, 1992). The costs of remediating sites contaminated by improperly discarded wastes is
extremely high, estimated at $750 billion in the U.S. (Russell, 1992). Some areas, most notably in the
former Soviet Union, have been rendered uninhabitable through contamination with hazardous wastes
(French, 1991).

Pollution controls are now found in most industrialized countrics and have become more
stringent (Davis, 1988). Such measures have not reduced the quantities of wastes being produced and the
disposal of wastes in general has become a concem,- as landfills reach capacity and the siting of new
facilities cncounters increasing opposition (Young, 1991). Consequently, some governments are now
moving towards a waste management strategy that incorporates waste reduction, reuse, recycling and
disposal (Morse, 1989: Allessie, 1989). However, it is the reduction of waste that must be the major
cmphasis in such a strategy.

The problems facing governments in drawing up a sustainable waste management sirategy
include:

a) the political environment - waste management is such a controversial issue that many politicians are
unwilling to take the issue to task; in addition, there is political inertia towards change resulting in the
continued use of traditional waste management methods such as landfilling and incineration (Michael,

1991);
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b) ihe interdisciplinary nature of the problem - waste management affects environmental and human
h@ﬂ: and the associated problems are defined by regional geology. ecology, climate, geograbhy.
hydrology; the solutions encompass management, pl;mning, legal, economic and engineering aspects;

¢) the global context - the impact of waste management policies in one country can have both a negative
and a positive impact upon surrounding countrics; global problems such as air, water and land
contamination, global wamﬁng and the decreasing ozone layer are a direct result of poor waste
management (Bingham, 1991),

d) lack of information - we still have a poor understanding of the effects. both individual and cumulative,
of waste disposal on both the environment and on human health (Contant and Wiggins, 1991) and of
the volumes and types of wastes, especially fugitive wastes such as solvent vapours, which are
generated;

e) lack of education and trust - a poor understanding of toxicity and a lack of trust by the general public
towards politicians and industries has resulted in a general public wariness of many waste disposal
technologies and many industries;

f) the economic environment - economic problems, particularly during recessionary periods, tend to take
political precedent over environmental considerations (Michael, 1991), despite the public's continuing
concern (World Environment Report, 1992) and the fact that the environment and economy are linked
(Hirschhorn and Oldenburg, 1991).

Of these concerns, the greatest obstacle may be the political environment. However, as waslc
management problems become more pressing, political attitudes are changing (Allessie, 1989, Morsc,
1989).- As a result, governments are reconsidering legislative means of controlling pollution and arc
seeking cooperation with industry in reducing waste.

With government encouragement (Morse, 1989), with the implementation of increasingly
stringent pollution control standards, with the increasing costs of waste disposal (Crittenden, 1992) and
with stringent measures being implemented for infractions of environmental legisiation (Jeffery, 1992),

waste management within industry is moving from an end-of-pipe technology to the incorporation of



changes in designs, processes and management methods to reduce waste production up front (Jacobs,
1991). As a result, environmental risk management is now becoming as important as cost management to
some companies (Winter, 1991), and waste management is now playing a significant role in reducing the
environmental risk (Smarn, 1992).

Industrial ecology is a concept that has developed as a result of this movement from end-of-pipe
technologics towards a sustainable system of waste management. The term ‘industrial ecology’ was coined
by Frosch and Gailopoulos (1989), although the underlying concepts had been in existence since the 1970s
(Cété and Plunkett, 1994). Frosch (1992) states:

"The idea of an industrial ecology is based upon a straightforward analogy with natural ecologicat
systems. In nature an ecological system operates through a web of connections in which organisms live
and consume each other and each otiler's waste. The system has evolved so that the characteristic of
communities of living organisms seems to be that nothing that contains available energy or useful material
will be lost. There will evolve some organism that will manage to make its living by dealing with any
waste product thal provides available energy or usable material. Ecologists talk of a food web: an
interconnection of uses of both organisms and their wastes. In the industrial context we may think of this
as being use of products and waste products, The system structure of a natural ecology apd the structure of
an industrial system, or an ¢conomic system, are extremely similar. This may be a somewhat trivial and
banal idea but when consciously addressed it can help us to discover extremely useful directions in which
the industrial system might develop.”

Jelinski et. al. (1992) have taken the concept further, describing linear material flows where there
are abundant natural resources and energy sources as a Type I ecosystem, énalogOus to ecosystems that
could have existed when life was first developing on earth. A Type II ecosystem is semicyclic, requiring
energy and resources input and producing some wastes, but cycling some waste and energy between
ecosystem components. Some industries are now moving towards this level, particularly with easily
recycled materials such as metals, water, paper and cardboard. The third level, Type Il ecosystems.

requircs some energy but produces little or no waste as waste materials are reused or recycled within the



écosystem. Tt is in this direction that we mmst move, possibly creating an economic environment that will

encourage industries to knowingly or unknowingly embrace the principles of a Type 11 ecosystem.

There are, however, significant barriers that exist at present which prevent industries from
moving in the Type III ecosystem direction. These include:

a) Legislation - Legislation is often written to deal with linear industrial processes, with little
recognition of the inherent value of waste materials as potential raw materials for other processes.
Moreover, most legislation is based on penalties while incentive programs tend to be more
effective (Henrichs, 1992). Legislation and policy are also hampered by public perccptions of risk
which are often far removed from reality (Pariza, 1992) but often are influential in formulating
legislation and policy (Henrichs, 1992). Voluntary, cooperative programs between industry.
government and communities, especially industry-driven approaches, combined with fegislated
targets would be effective mechanisms for promoting movement towards industrial ecology (Coté
and Plunkett, 1994).

b) Tradition and convention - Many piant managers and operators are reluctant to change processes
that have been producing quality products out of concern that the quality of the product will
suffer. Wastes have not been an issue in the past and management were more concerned with the
product quantity and quality. Increasing waste disposal costs and liabilities have changed the
priorities, but managers are still more comfortable dealing with end-of-pipe technologies that will
not affect the quality of the product. I: is only when upper management recognizes that the risk
of affecting product quality will be balanced or outweighed by the benefits of reducing waste
production that process changes will be fully implememed.‘ This also applics to changes in
feedstock - using a raw input material is perceived as being better than a waste material, cven
though processing requirements and material costs may be reduced.

) Cost considerations - With a traditional linear system, costs were relatively easy to calculate and
economic feasibilities of equipment upgrading could be readily determined. However, with the

incorporation of wasle minimization. reuse, recycling and product lifecycle concerns, the



economics become much more complex. The potential to sell a waste material versus the cost 10
minimize or eliminate its production versus the inherent risk due to any hazardous components in
the waste material versus the changes in legislation, life-cycle material and energy concerns and
market needs mean that a web of economic potentials must be evaluated and compared to assess
future directions of a specific industry or plant. Many of the cost factors have yet to be recognized
by economists and business managers, yet is these factors that industries will have to take into
account for future success (Duchin, 1992).

d) Technological considerations - Two quastions arise when faced with the technological concerns
inherent in industrial ecology - those of 'who' and 'how'. The former is the more important
question since we must define those who can develop the technology. The major problem lies in
our present educational system which is highly focused on specialized fields of study (Lynch and
Hutchinson, 1989). Although the concept of inter-disciplinarity is popular, few academic groups
have put it into practice and there are still barriers to those wanting to move from one discipline
{o another. Yet in order to understand the needs of industries, professionals will have to have a
broader education and be capable of understanding management, economics, law, engineering
and social and environmental risks and impacts.

All options must be examined and carefully assessed to ensure that wastes and costs are
minimized by the final options selected (Freeman, 1990). These options can include changes in raw
materials, in processes, in equipment, in product design, in plant management methods and in waste
treatment and must be balanced against time frames and costs. Waste minimization primarily occurs
within a specific plant, involving an examination of all aspects of plant operation, including maintenance,
inventory supply and storage, materiai delivery, product processing and waste handling and beatment. A
number of management programs have been proposed to enable companies to examine their operations
and identify possible waste reducing measures (Freeman; 1950).

In many cases. it may prove feasible to sell wastes as a feedstock for other industry processes

(Smee, 1992). When considering the options that may be available for minimizing, reusing or recycling



wastes for one plant, an engineer must have an understanding of the specific plant operations, both from a
mechanical as well as a chemical perspective. When attempts arc made to tailor a waste for resale to a
market, the engineer must also know the requirements of the market as well as the treatments that are
available for refining the waste, if necessary. Much of the work that has been done in waste recycling has
examined specific waste streams and treatments 0 enable engineers to make these decisions. Lim.ilcd
work has been done on integrating different industrial waste materials and treatments (0 produce
comprehensive packages for treating waste materials to saleable materials.

Waste management in most industries in North America today is primarily an individual plant or
company activity although waste exchange programs have attempted (o provide links between wasle
producers and industries requiring raw materials. Large companies such as 3M. Dupont and Dow have
been able to successfully initiate waste exchange within their own operations (Smarli. 1992}, However.
even within industrial estates, there have been few attempts to actively engage separale industries in
cooperatively reusing, recycling, treating or disposing of waste materials. In Kalundborg, Denmark, an
industrial ecosystem is aiready operating, where all plants interact to utilize discarded or unused energy.
water, chemicals and organic materials (Coté et al., 1994). An industrial park in Nova Scotia is currently
being used to test the concepts of industrial ecology and determine the benefits and costs that would accruc
through symbiotic relationships established between businesses (Coté and Plunkett. 1994).

Within the tenets of industrial ecology, the manager of an industrial estate must examine the
potential of all waste materials produced by industries of the estate to be used as inputs by other industrics
or as saleable materials. Industrial plants often produce a variety of wastes which were traditionally mixed
and discarded. However, recognizing that wasies are easier to lreat and recycle when kept as ‘pure’ as
possible, the individual waste materials must be evaluated for potentials for reuse or recycling. It may be
possible that wastes can be co-treated and a treatment facility can be constructed 1o handle a larger volume
of waste with a potential saving in construction and operation-and maintenance costs. Conscquently, the

estate manager must consider all waste materials produced by the estate plants, potentials for reusing or



recycling wastes, both on the estate and elsewhere, treatments required to refine the 'wastes', the
acceptability of wastes for specific treatments and the possibility of co-treating waste materials.

When seeking advice on waste management, companies primarily look to traditional methods for
treating waste or turn to consultants experienced in waste management. Considering the number of
treatments available for treating wastes and the knowledge required to determine which treatments are
appropriate for a specific waste, few consultants can provide the broad expert knowledge that would be
required 1o treat the variety of materials produced by a group of industries, Instead. most consultants are
familiar in detail with a few treatment processes, usually dealing only in one material state (e.g. liquid,
solid, sludge or gas) and have some knowledge of a variety of others. Moreover, few consultanis are
familiar with the range of wastes that could be produced by the variety of processes in industries that can
be found on an industrial estate.

Woods (1994a) has produced a comprehensive manual on determining the treatments that are
suitable for treating materials under specific conditions. A further volume will provide cost data. For an
industrial manager, however, these manuals will not provide a simple means of determining treatments for
the large variety of wastes that an industrial estate can produce. Moreover, they do not provide all the
input specifications for each treatment, nor do they specify the characteristics of the outputs or indicate the
mass batances inherent in each treatment.

The number of parameters that an industrial waste management planner or manager must
consider is substantial, and this is exacerbated by legislation, the variation in surrounding industries and
communities and potential recovery, treatment or disposal facilities. Many waste management plans
consider only a limited number of parameters and thus are limited in scope. As discussed in section 2.8,
computer models and knowledge based decision support systems (KBDSSs) are being developed to assist
in understanding and incorporating the parameters into wasie management planning, but no sysiems yet
exist to provide managers with a mechanism to determine options for integrated waste management

planning.



Faced with stricter legislation and negative reactions to wasie disposal from communitics,
industries are attempting to site waste disposal facilities in developing countries (Suite, 1991. White.
1991). The Basel Convention (1990) has attempted to reduce the importation of industrial wastes into
developing countries from affluent, developed countries. However, the Convention does not prohibit the
exporting of hazardous waste or the location of waste-producing industries in developing countries nor
does it prevent hazardous waste treatment facilities from being built in those countrics to dispose of out-of-
country wastes (Rabe, 1991). Consequently, developing countries are facing the same problems as
developed countries but with limited technological, political, legal or economic resources.

The majority of waste is produced by industrialized countries (Young, 1991). However,
deveioping countries face similar waste problems that threaten to increase as they strive to industrialize
and as countries become more affluent (Singh, 1990). Most small, developing countries have a range of
industries, from small, t:aditional,-labour-intensive operations to large, technology-intensive industries
(Singh, 1991). All of these industrics produce industrial wastes, both hazardous and non-hazardous. but
usually little has been done to provide environmentally-acceptable means of treating and disposing of such
wastes (Bowonder, 1987). In most cases, there is a paucity of legislation in place to control production of
wastes from an industry or the disposal of such wastes and enforcement of any existing standards is oficn
iax (Wilson and Balkau, 1990). Most wastes are discarded into the air, nearby streams or the occan or
into the closest available landfill which is often located in the poorer areas of these countries (Durning,
1990, Bowonder, 1987). The damage to air, water, soil, ecosystems and human health in Eastern Europe
are the effects of uncontrolled industrialization on the surrounding environment (French, 1991} and these
conditions may be duplicated in developing countries in the near future.

The management of wastes, particularly those produced by industries, is only now being
addressed in most industrialized countries (Saraswat and Khanna, 1989). In a survey of 23
Commonwealth countries, only eleven countries were able to report the quantitics of hazardous wastes

they produced per year and only eight countries had national standards and specifications for treated
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wastes before discharge for disposal, although eleven countries stated they had some acts or regulations in
place (Hasan, 1991). Information on enforcement of those regulations was not determined.

One of the primary reasons for the lack of waste management is that pollution control, especiaily
end-of-pipe technology, has a significant cost but no short term benefit {(von Weizicker, 1994; Ugelow,
1994). Conscquently, companies that can stall introduction of such controls will have an advantage over
companies required to meet environmental standards. Legislation involves costs for administration,
enforcement, education and litigation so thai less affiuent countries are reluctant o pass such legislation.
Yet with the lack of water treatment facilities and the denser populations found in those countries, any
level of pollution can have a significant effect on the health of the people (El-Ashry. 1993).

Islands are at a greater risk from such wastes due to their small, essentially closed ecosystems and
finite assimilative capacities (Singh, 1990). Water is limited and the groundwater that is available may be
shallow and easily contaminated. Surrounding waters, which are usually exploited for food, are quickly
degraded, resulting in a contaminated food source and, since those coastal resources are usually the
primary tourist atiraction, loss of an important economic source. Land and natural resources are very
limited and any degradation results in hardships to the inhabitants and the island ecosystem. Those who
usually suffer most are those living in poverty and pregnant women and children whose health is more
susceptible to environmental contaminants (Durning, 1990). It is therefore even more important to ensure
that wastes arc properly managed on small, developing islands. Yet the same factors that prevent effective
waste management from being implemented in developed countries alse occur in developing countries,
with the added concerns of lack of environmental legislation, lack of environmental knowledge and
education and a lack of funds to maintain plants at acceptable safe operating levels, let alone to minimize
waste production.

Industrial managers require a decision support system that would determine waste management
options for all types of wastes. giving priority to recycling and reuse and minimizing cost and
cnvironmental impacts. Ideally, the system would require a minimum of analytical information and input

of information would be simple. The output would provide the optimum treatments necessary to Lreat all
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the wastes produced, ideally recycling or reusing them or. if necessary, disposing of them and providing
data on costs or savings for each treatment and for the treatment system overall.

Such a system would require much more information than is currently readily available and morc
than could be obtained for this project. There are still discrepancies regarding input criteria for many
treatments, including the most common treatment syslems such as acrobic wastewater treatment (Grady
and Lim, 1980; Metcalf and Eddy, 1979). Cost data are not readily available for many treatments and
treatment outputs and efficiencies often depend upon a variety of factors. including operator expenence,
temperature, type and age of equipment and process control facilities. A complete model for such a
decision support system is considered beyond the scope of this research. However, a model for
determining waste treatment options for a variety of waste types can feasibly be developed. although there
must be some recognition of the limitations of the input criteria and the output formulae and efficicncics.
Such a system would not optimize the treatments, it would list the options available for treating the wastes
and indicate if there were any wastes that could not be treated by the trecatments in the system. A manager
could then select a treatment option that would be common (o most wastes and examine other options for
reducing or eliminating non-treatable wastes.

By providing a decision support system that can act as a tool lo educate and assist managers in
making waste management decisions, it may be possible to encourage industries to recognize the potential
markets for their waste materials. Moreover, industrial estate managers will be able to determing if the
current waste treatment system can treat wastes from a new industry or if additional treatments will be
required. Some of the factors that must be recognized when defining a model for developing countrics
include: a lack of legisiation, a‘lacl-: of funds, a lack of expertise and a lack of sophisticated facilities such
as high temperature incinerators for treating wastes. It must also be recognized that. although the model
may be designed for developing countries, it could also be applied to industries in dcveloped countrics, as

fong as the applicable legistation was incorporated into the data base.
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1.1 Research Objectives
This research produced a prototype which would be the basic component of a larger knowledge

based decision support system (KBDSS) to determine options for integrated management of wastes from a

variety of sources and industries. The KBDSS could provide decision support to government or industry

representatives for the development of an integrated waste management plan for a number of plants within

a defined geographical area such as an industrial estate. The system was developed with the concerns of

developing countries in mind, recognizing the urgent requirements of many such countries for adequate

waste management. The following were the research objectives:

1.1.1 Development of a prototype knowledge based decision support system for determining the treatment
trains necessary for successfully recycling a waste as an input (recycling or reuse) or treating it for
disposal. The system will:

a) include a simple user interface to obtain the required data;

b) require a minimum amount of analytical data for inputs, products and wastes;

¢) allow the user to input, change or specifically select industry data for assessment;

d) incorporate a number of treatment options, sufficient to treat a variety of waste types such as gases,
liquids. sludges and solids;

e) provide data on final masses after treatment;

f) include a framework to incorporate and calculate cost data,

g) enable the user to include regulations for disposal of wastes and incorporate those into the system.

h)} enable the user to change or add to the list of treatment options:

i} examine all possible treatment options for each waste ;

j) determine all potentials for reuse or recycling wastes as inputs;

k) determine all potentials for treating wastes for disposal,

1) provide a list of successful treatment options for each waste;

m1) assess the treatment options for potentials for co-treatment;



13

n) select final treatment options for each waste that have the fewest treatments, produce the lowest
secondary wastes and/or allow for co-treatment of wastes;

0) determine the quantity of secondary wastes produced from each successful treatment option;

p) list those wastes which cannot bz treated or disposed of using the included treatments and disposal
options and;

q) run on a 486 personal computer using readily available, inexpensive software.

1.1.2 Determination of the input limits and formulac to define outputs from treating a material with a
specified treatment, including secondary wastes from the treatments, using published data from a
variety of sources;

1.1.3 Consideration of the concerns of developing countries, regarding cost, equipment, expertise and
legislation, for integrated resource management planning.

1.1.4 Collection and analysis of data from industries located on the Point Lisas Industrial Estate, Trinidad

to be used as a case study application for the prototype system.

1.2 Dissertation Structure
The remainder of the dissertation is structured as follows:

Chapter 2 - Literature Review
A review of the pertinent literature, including a discussion of wastes as resources, waste management
planning, integrated wastec management, wasle minimization and disposal, waste management in
developing countrics and knowledge based decision support systems;

Chapter 3 - Knowledge Based Decision Support System
Outlines the prototype system and how it works, including a flow chart of the system, the internal
verification and external validation required, system outputs and limitations and future systern

developments;
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Chapter 4 - Knowledge Base - Treatments, Input Criteria and Output Formulae
Discusses the treatments select?d, the input criteria for the treatments and the formulae for treatment
outputs as well as the regulations selected and upgrading of tﬂe knowledge base by users;

Chapter 5 - The Case Study - Waste Management at the Point Lisas Industrial Estate, Trinidad
Overview of the field data obtained from Trinidad in terms of waste management concerns, including
environmental law, health and safety issues, waste disposal and available data on plant inputs, products
and wastes, as well as application. of the plant data to the prototype KBDSS and the results from the
prototype system;

Chapter 6 - Conclusions and Recommendations
Presents the conclusions and recommendations for future developments in the program, KBDSS and
industrial ecology, particularly with relevance to developing countries;

Appendices - flow charts and program listings for the prototype system, user input forms and data and

knowledge tables.



2.0 Literature Review

The implementation of a sustainable industrial ecosystem requires that wastes must be viewed as
resources rather than as materials to be discarded. The principles of integrated waste management,
including reduction, reuse and recycling, must be emploved. Some of those principles. such as waslc
reduction, can only be implemented at a plant level. Others can be implemented through co-operative
efforts between plants and include reuse, recycling and co-treatment of wastes. However, to implement
such a program will require knowledge and understanding of the input, product and wasle parameters as
well as process input limits and output quality. This chapter will review the literature on wasic
management, implementation of industrial ecology and the developments in knowledge based decision

support systems to assist in implementation of integrated waste management principles.

2.1 Waste Management
Only a few years ago the emphasis in waste management lay in waste treatment and disposal as
waste prevention was considered possible only in the long term (Huisingh, 1989; Robinson and
Bazelmans, 1991). However, the volume of waste being produced is beyond the capacity of present waste
disposal facilities (Kreith, 1992) and public concern over such facilities is making their siting and
construction difficult (Linnerooth and Wynne, 1988). In addition, it has been recognized that continued
consumption of natural resources and disposal of manufactured products is not sustainable {MacNeill,
1989; Ruckelshaus, 1989; Ekins, 1991). Consequently, wasle minimization is now recognized as the most
effective and economical means of managing wastes (Fujita and Maltezou, 1991, Freeman, 1990).
The purposes of waste minimization, from society's perspective, are:
a) reduction of discharge of pollution;
b) reduction of waste for disposal; and
¢) reduction of demand on natural resources {Matilla, 1989).

15
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From an industrial point of view, however, minimizing waste offers the following benefits:
a) improvement in economic return;
b) compliance to regulations ;
c) reduction in Jiability; and
d) improvement in community/public relations (Ehreth, 1991).

Regardless of the perspective, the resuits are the same - waste is minimized. A number of large
corporations, notably 3M, Polaroid Corporation, EI DuPont and de Nemours and Company, have
initiated waste minimization programs, with significant economic savings and reductions in waste
(Ehreth, 1989). A survey of waste reduction programs in large U.S. manufacturing firms found that 66%
had jnitiated a formal waste reduction program and most respondents expected to reduce wastes by 50% or
more through switching raw materiais, internal recycling and increased efficiencies (Environmental
Information Ltd., 1992). The steps involved in a waste minimization program for an industrial plant are
outlined in Figure 2.1.

A waste audit involves an initial survey of the facility to determine the wastes that are being
produced, stored on-site or that may have been dumped historically on the plant site. Since continued
contamination of the site may only increase costs and could have a bearing on the company's viability or
on other changes, it is ifnportant to ensure that even old wastes are taken into consideration. The storage
of wastes may be contaminating water, soil or air and will require action. The volumes of stored wastes
may also provide some indication of the amounts produced. In addition, a waste audit will aiso be able to
focus on wastes that may not be recognized as such, e.g. air contamination by evaporating solvents.

Foliowing the plant survey, manifests for waste disposal, emission and effluent licenses and
quantitative and qualitative data on all wastes produced over the last several years are accessed to
determine the characteristics and volumes of wastes produced (Huisingh, Siljebratt and Backman, 1989).
Any quantitative data on materials use and composition is also needed. A plant process flow diagram is

also necessary and should identify inputs, including water, and outputs, thus providing a means of
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Planning and obtaining management commitment
Organization setting program goals

Assessment waste audit
Program prioritization of waste production. based on
volume of waste,

hazardous nature of the waste,
potential for control.
¢casts of control
ease of control
determination of options for changes including:
operational changes ¢.g. changes in material
purchasing and handling. equipment and
facility maintenance, wasle storage and
handling
process changes including upgrading of
equipment, research requirements, changes
in raw materials, treating of wastcs for reuse
as raw materials, use of new, cleaner
technologies, processes or procedures
obtaining management commitment
setting program goals
organizing an assessment program
o

£

i
prieritization of options
technical evaluation

Feasibility economic evaluation
selection of options

Implementation nstallation of equipment
implementation of procedures
evaluation

Figure 2.1 Steps in waste minimization (adapted from Freema:. 1990 and Hazardous Waste Engineering

Research Laboratory. 1988).
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balancing materials and, hence, identifying wastes (Ontario Waste Management Corporation, 1987). Itis
important to be able to determine the waste production in quantities that are comparable, such as waste
per volume of product or by product line. Some wastes, particularly maintenance wastes, are generated on
a time, not a product, basis (Rittmeyer, 1991).

A pumber of waste minimization techniques have been proposed (U.S. EPA, 1988; Chemical
Manufacturers Association, 1989; Freeman, 1990; Katin, 1991; Gujer, 1991). The major focuses have
been on inventory management, raw material substitution, process design and operation, volume
reduction, recycling and chemical alteration (Katin, 1991).

Huisingh (1989) evaluated 500 case studies and found the major approaches used were
combinations of the following:

a) replacement of chemical processes with mechanical processes;,
b) replacement of single-pass rins¢ processes with counter-current processes;
c) replacement of single-pass rinse processes with closed loop processes;
d) replacement of solvent-based materials with wz;ter-based compounds;
¢) replacement of heavy metals with less toxic materials;
f) replacement of halogenated with non-halogenated compounds;
g) installation of new technologies to separate components from the waste stream;
h) installation of low or non-waste technologies (LNWT);,
i) installation of more accurate monitoring and modulating equipment.
Using waste minimization, Allessic (1989) expects significant changes in waste streams in the
Netherlands by the year 2000, including:
- an increase in reuse and useful application from 35 to 60%;
- a decrease of 5% in the total volume of waste;
- a decrease in waste requiring ultimate disposal from 65 to 35%;

- a decrease in the percent of waste being Iandfilled from 55 10 10%.
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The components of waste minimization are waste reduction and wasle recovery. Energy recovery
from wastes may also be inciuded, although only as a last option since the waste is lost as a raw material.
and waste treatment is also a consideration since treatment is often required to enable wastes 10 be

recovered and reused.
a) Waste Reduction

Waste reduction involves reducing the wastes from the plant through operational aﬁd process
changes. The utilization of wastes as by-products for sale or reuse as raw material is termed rcuse Of
recycling. Since reduction requires no concern about material markets and has no further treatment which
may also produce waste materials, it is an effective means of waste minimization.

Operational and management changes are important in reducing wastes. especially maintenance
wastes. accidental spills or out-of-date materials (Freeman, 1990). Since changes to reduce these wasles
are often minimal but serve to promote the concept of waste reduction among management and employces
and can result in cost savings. these changes are usually implemented initially. At this point, employces
are often solicited to provide innovative concepts for waste management (Rittmeyer, 1991).

Once the waste streams and their volumes have been identified, options for minimization can be
determined. Low and non-waste technologies (LNWT) are currently being developed 10 reduce wasic
volumes. LNWT is defined as 'the practical application of knowledge, methods and means so as, within
the needs of man. to provide the most rational use of natural resources and encrgj and to protect the
environment' (UN ECE, 1978} According to Saraswal and Khanna (1989) most rescarch and
development on LNWT has been restricted to minor process modifications. resource conservation and
waste recycling while issues such as transfer of technology through developmental assistance and ranking
of production technology hased on resource and environment considerations have yet to be researched.

A number of sources for possible LNWT oplions are available, most notably the UNEP
International Cleaner Production Information Clearinghouse and the U.S. EPA Pollution Information
Clearinghouse, which provide 2 LNWT database accessible through any computer with access to a modem

or to Sprintnet. The International Association for Clean Technology is especially concernzd with the
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problems of developing countries and technology transfer between industrialized and developing countries
(Sutter, 1989) and India has set up a LNWT database specifically to meet its needs (Choudhari and
Modak, 1989). In addition, a number of government agencies in both Europe and the U.S. are offering
subsidies for research into cleaner technologies.

Waste reduction is primarily an individual plant process. Although waste reducing technologies
can be incorporated into many plants, the incorporation of the technologies is an individual plant
management decision. Moreover, many waste reduction measures involve changes in material handling
processes, operation and maintenance management, all of which are plant-specific.

b) Waste Reuse and Recycling

Waste reuse and recycling are integral to a waste minimization program and may provide some of
the more economical benefits. Reuse and recycling treat former waste materials as products for either
external sale or reuse within the plant. Reuse is generally considered to be the direct reuse of a material
without any treatment while materials which require treatment are recycled, but the distinction between
the two may blur, especially for wastes requiring minimal treatment.

It is important to balance waste reduction against market potentials for by-products. It may be
more feasible to reuse a former waste product as a raw material than to switch to a different raw material
which results in lower quantities of waste that cannot be rensed. It is also important to consider the
hazardous nature of any materials, as reducing the hazards in the work place will improve working
conditions for employees.

Waste exchanges have been set up across Canada. in the U.S., in Japan and in some European
countries to promote reuse of waste materials (Kreith, 1992). Companies list the composition and volume
of their waste materials, enabling a company which may have a use for that material to negotiate a suitable
exchange with the waste producer. In the U.S., with a larger manufacturing base, such exchanges have
saved companies millions of dollars in waste disposal and raw material costs (Woolard, 1990; Smee,

1992). Yet these are, in many ways, passive mechanisms, where waste producers merely advertise their
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wastes, hoping a market will be found. No attempts are made to specifically match wastes to a saleable
market and there is a concern regarding material quality.

In developing countries, especially island countries, where resources are scarce. reusc is often a
way of life. In cities in these countries. the collection and reselling of waste materials is common and
provides a valuable sources of income and resources for poor residents (Uriarte. 1991; Jensen, 1990)
although it is often not controlled and the potential for disaster does exist especially where infectious and
hazardous wastes are routinely disposed of with other municipal waste. However, recycling facilities do
not often exist and transportation costs can be high. In addition, it may be more economical to utilize
labour-intensive systems in developing countries rather than the technology-oricnted systems commonly
used in industrialized countries.

c) Energy Recovery

Some organic wastes contain enough energy to act as an energy source and are used as fuel
sources for other processes, such as cement kilns. Penner and Richards (1989) estimate that, even with
30% recycling, incineration of municipal solid waste could provide 1 to 2% of the encrgy needs of the U.S.
by 2000. Tires, which pose a serious technical problem for disposal, contain a high heating valuc and,
with the correct technology, could be used as an energy source (Kreith, }992). Used oil is also reprocessed
as a fuel in both the U.S. (Kreith, 1992) and Europe (Allessie, 1989).

Incineration, even for energy recovery, has a number of concerns. Heavy metals accumulate in
bottom and fly ash (Reimann, 1989), while if the temperature and residence time in the incincrator arc not
sufficient, organic compounds may not be sufficiently degraded or other cqmpounds such as dioxins may
be formed. Concerns regarding ash residue management, production of toxic gases and the loss of natural
resources still exist (Kreith, 1992). A long-term build-up of dioxins and furans has been found in milk
from dairy farms near incinerators in Europe (Schneider, 1991). The increase in grecnhouse pases,
contributed to through incineration, is also a giobal concern (Fuwa, 1991). The loss of the material as a

useable resource is also a concern, especially with limited resources. Consequently, if incincration of a
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specific waste is selected as a treatment optiop, the benefits must be carefully weighed against the
ConcCermns.
d) Waste Treatment

Mechanical, chemical, biological or thermal treatments are applied to wastes to render them into
a form that can be used, or one that is more acceptable for disposal (reduced in volume or hazardous
nature). Mechanical processes usually entail phase separation or solidification but do not change the
nature of the compound itself. Chemical processes are used to change the nature of a compound through
the addition of chemicals, heat and pressure while biological processes use living organisms, usually
bacteria, to break down organic compounds or to accumulate heavy metals. Thermal procesées, such as
incineration, us¢ heat to combust a material, thus converting it to carbon dioxide and other gases,
particulates and ash. When designing a waste management system, treatment processes are selected on
the basis of the initial waste characteristics, the required product characteristics, production of wastes from
the treatment, other environmental considerations, cost, energy consumption, feasibility and availability of

the process (Batstone, Smith and Wilson, 1989).

2,2 Waste Disposal

Regardless of the improvements made in waste minimization, waste disposal will still be required
and will pose a concern. It must be recognized that there is, at present, no method of permanently
disposing of wastes - disposal facilities usually provide only long or short term waste storage (landfilling)
or dilution (cffluent or emission release). Land treatment is a mechanism of disposal of biodegradable
materials which are then degraded by soil micro-organisms. Incineration is a waste treatment which
results in residual material that requires further disposal and has been previously discussed. There is
always the potential for discarded wastes to esczpe into the surrounding environment (Young, 1991).

It must be recognized that the costs of materials and goods do not usually include the full cost that
is inherent in the disposal of wastes from the manufacture of the product or the disposal of the product

when it is ultimately discarded (Hirschhorn, 1985; El-Ashry, 1993). The cost of actually constructing and
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decommissioning a waste disposal facility, including the cost of an environmental assessment, has not
been included in the cost of disposal in the .past (Jain, 1988).
a) Landfilling

Landfills, the most common means of disposing of waste materials, act as long-term, uncontrolled
waste storage facilities, with subsequent anaerobic decay of wastes, producing methane gas and leachate.
Today, many new landfills are highly engineered and, to obtain approval for construction, often must be
designed with a non-porous base material such as clay, up to three plastic liners, a leachate coliection
system, gas vents, surface run-off contro} and a specificd decommissioning plan (Braithwaite, 1992).
Newer landfills in the U.S. are incorporating systems to prevent wind from blowing garbage off-sitc and to
control odour. Even with these improvements, local opposition makes it difficult to site such facilities,
and the full cost of landfilling (indefinite loss of land, indefinite leachate removal and treatment, gas
venting, indefinite monitoring requirements, possible groundwater contamination requiring treatment) is
rarely paid by the taxes allotted to waste collection and disposal (Hirschhorn, 1985).

There are three potential long term effects from landfills - contamination of groundwater, surface
water or soil from leachate, contamination of the surrounding air from produced gascs and the loss of the
land for future productive purposes. The extent of concern is site dependent, but all three concerns exist

- for any landﬁﬂ. It is generally recognized that a landfill will eventually leak, despile the technological
advances that have been made (Yong, 1991). Leachate collection systems are required and facilities for
treatment of the leachate must be available (Krieth, 1992). In addition, methane emissions from anacrobic
decomposition of waste must be collected and burned. Duc to these concerns, it is difficult to develop
former landfill sites with any assurance that health hazards will not arise.

b) Land Treatment

Land treatment involves the application of a degradable waste to active soil, where micro-
organisms, heat, cold and light break down the material. The waste material must be applied at a
sufficiently low rate not to damage organisms or the process will not be effective; morcover if applications

are being repeated, there must have been sufficient time for the initial application to have degraded 10
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prevent overapplication and loss of micro-organisms. Application rates are highly dependent upon the
waste material and its concentration. Trace contamination by materials resistant to degradation such as
heavy metals and some pesticides can cause contamination of the soil, preventing its availability for future
use. The application site must be properly chosen and prepared to prevent runoff of contaminated liquids
into surface water and seepage into ground water. Careful research and management is necessary to
successfully landtreat waste materials (Boyle, 1992).

c) Ocean Discharge, Effluent Release

This is a common disposal method for municipal wastewater and for liquid industrial wastes in
developing countries (Singh, 1990; Sammy, 1992) and still occurs in Canada and other countrics. The
prevailing arguments for ocean discharge involve the apparently unlimited assimilative capacity of oceans
(Botes and Russell, 1992) while those against argue that local conditions can be overwhelmed by
discharges and that the system is much less infinite than previously suspected (Morita, 199 1). The:
dependence by many developing countries on fishing as a food source suggests that erring on the side of
caution would be prudent (Bowonder, 1987). In addition, the poor condition of many coral reefs, caused
in many cases by ocean discharges, would point to a more conservative approach being required (Risk,
1992).

Standards exist in most developed countries that limit the levels of specific contaminants that can
be released. Problems with the assimilative capacity of rivers, cumulative effects, increased
industrialization and allowing “grandfathering” for older plants have resulted in severe pollution of many
rivers despite the standards. Moreover, many countries are concerned that they cannot afford the cost of
pollution standards, both from an industrial competitiveness and an enforcement perspective (von
Weizsiicker, 1994).

d) Emission Release

Emissions of gases previously thought to be harmless, such as CFCs and CO,, are changing the

way we view the world, as those releases are now recognized to potentially cause changes that will affect

the globe. Substances such as acid gases which contribute to acid rain and heavy metal particulates and
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solvents which can affect human health are also of concern. Most of these ae regulated by standards in

developed countries, but few developing countries have set standards (Wilson and Balkau, 1991).

2.3 Disposal Regulations

The major means of controlling pollution or disposal of wastes into the environment has been
through the implementation of restrictive legislation, where limits on the release of specific contaminants
are set and plants are licensed to release specified amounts. There have been many criticisms regarding
the present method of regulation (Williamson, 1992; Brunner and Baccini, 1992; Kreith, 1992; Vos, 1993)
but changes in legislation, regulation policy and standards have been slow. Moreover, pollution standards
differ significantly from country to country and, in Canada, cven from province to province.
Consequently, there is little consent on what constitutes acceptable releases in setting standards.

When evaluating disposal from an industn'él estate, basic standards need to be set, as well as total
releases from the estate into the ecosystem. However, few estate managers have the knowledge to sct such
standards if the country has not already set them. Standards from other countries may be used, although
the limits of these standards must be recognized. These limits include the following:

1. different ecosystems are differently affected by pollutants;

2. cumulative effects of low pollutant levels may czusﬁ serious impacts;

3. some standards have been set based on public risk perception, usually the perceptions of inc standard-
setting country;

4. climatic conditions may affect releases, impacts and plant operations and standards may refiect those
conditions;

5. enforcement of standards has been difficult.

The setting of standards, however, is primarily used to effect the reduction of environmental impacts from

waste disposal. Incorporating sustainability into waste maragerent requires more innovative concepts.
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2.4 Wastes as Resources

Traditional waste management practices such as treatment and disposal constitute a Type [
ecosystem. Moving towards a Type Il or the longer term goal of a sustainable, Type 111 industrial
ecosystem requires significant changes in thinking about products, processes, wastes and wasle treatments
and disposal. Products must be examined to determine their necessity. durability. life span. reuse or
recycling potential and whether the product is an efficient use of its component resources. Processes have
1o be redesigned to reduce by-product generation (including heat), reduce resource and energy
requircments, minimize hazardous material usage and maintain quality standards. Wastes must be
recognized as by-products, with an inherent positive or negative value - they have to be minimized or
examined for their potential as a product and reused or recycled. Disposal becomes acceptable only when
other options have been fully implemented and must be minimized. Industrial processes and plants must
be examined holistically to determine possibie linkages. redundancies and potential improvements in
sustainability and efficiencies (Shaw and Oberg, 1993). Planners and managers must move from short-
term to long-term management planning and policies. incorporating sustainability as a fundamental
component of the planning process (Ugelow, 1994). However, attempls to implement most of these
concepts have just begun (Keolcian and Menery. 1994}

Consequently, waste management has evolved from short-term, end-of-pipe technology solutions
to morc complex, integrated resource management plans initiated prior to plant design. These plans
involve waste reduction, reuse and/or recycling as illustrated in Figure 2.2 (Allessie, 1989) and the plant
design may be modified to incorporate new designs to allow for effective reduction, reuse or recycling of
materials. Recovery of energy from waste maléﬁal may also play a role in the process although this does
not promote material resource recovery.

The value of waste materials may be determined through Life Cycle Analysis (LCA). LCA
examines the total effects of the product development, both direct and indirect, Direct effects include
disposal or recycling of waste products and the sustainability of such an action. Indirect effects are less

obvious, however. and include the maintenance requirements of the product after it is soid or the methods
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used to produce the energy to produce the product. Life cycle analysis allows a company to improve
design of a product to increase its sustainability or may assist consumers 1o make purchasing decisions
(White and Shapiro, 1993). Thousands of numbers may be used to calculate the LCA and some effects,
such as environmental impacts of hydroelectricity, may not be included because of difficulties in
quantification (Hunt, Sellers and Franklin. 1992). In some cases, numbers may not be available; in others,
weighting factors are used to reflect renewable vs. non-rencwable resources. The resulting analysis

provides some indication of the ultimate impact of the product on the environment.
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Figure 2.2 Waste production, from raw materials to waste, incorporating waste recycling (Allessie, 1989).
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LCA has some significant drawbacks. One LCA alone required 600,000 data points and much of
the data were unavailable or proprietary (Nash and Stoughton, 1994). Moreover, there are few
conventions to guide assumptions or develop weighting factors and, as a result, it may not be possible to
compare one LCA to another, Consequently, calculating the fuli LCA of a product may become chaotic in
scope, due to the numerous indirect influences. LCAs are also technology dependent and can change
significantly with minor changes in equipment or improvements in maintenance. As a result, LCAs can
provide an indication of where major impacits are occurring. For example, one study determined that
consumer maintenance of an item consumed more resources than producing the item, indicating that the
design of items to reduce such maintenance requirements would significantly improve the overall impact
of the item (Nash and Stoughton, 1994}.

A significant component within an LCA is the reuse or recycle of process by-products, both as
input materials from other processes and as materials produced by the process under examination.
Although this is only one component of an LCA, it becomes important when the volume of waste produced
and the impact of disnosal of those wastes are considered. Moreoi'er, the reuse of a resource reduces
pressure on resource stocks, moving towards sustainable use of those resources.

Another tool in industrial ecology thinking is cascade chaining, which “attempts to evaluate the
appropriateness of resource exploitation from a resource efficiency point of view, throughout the entire life
cycle of a resource.” (Sirkin and ten Houten, 1994, pp vi). Resources are seen to move down a cascade as
they are used, reducing in quality over utilization time and improving in quality when energy and
additional resources are added io improve the resource. This theory contains four principles of resource
utilization, which are (Sirkin and ten Houten, 1994)

a) Appropriate fit
matching the quality of the resource to the scope and demand of the use;
b) Augmentation
improving the quality of the resource to prevent decline over utilization time;

¢) Consecutive relinking
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recycling of resources to higher cascade levels;
d) Balancing resource metabolism
achieving sustainable use of resource materials.

Both life cycle analysis and cascade chaining are valuable tools for designing processes and
products which will be sustainable and for improving resource management planning to ensure effective
use of resources. One of the primary concepts is the change from classifying used materials as wastes to
recognizing their potential as resources which have an inherent quality and which should be used to the
extent of that quality. This change in thinking is only slowly filtering down to industry where sustainable
resource management planning is still a relatively innovative concept. In countries where there are few or
no environmental regulations, such as developing countries, industry has not yet considered the cconomic

incentives in considering wastes as resources.

2.5 integrated Waste Management Planning

Although governments may promote and legislate cleaner technologies and better management of
wastes, it is at the corporate and individual level that the most effective action is taken. The recognition
that economics of production can be improved by implementing pollution prevention measurcs has
drastically affected the attitude of government and industry (Davis, 1988). especially in countries such as
the U.S. and Europe where pollution standards are strict and waste disposal is increasingly expensive.

Table 2.1 points out the actions that need to be taken at different management or political Jevels
to promote waste management. The concepts of industrial ecology are primarily implemented at the plant,
management and community levels although they have implications for all levels.

At the industry level, it requires a strong commitment from corporate management to implement
an effective waste management plan (Freeman, 1990). In every industrial process, there are means 1o
reduce waste, whether it is by operational and inventory changes or through changes in technology.
However, many industries operate by traditional methods and routines, and it is difficult to introduce

change. Furthermore, many managers are suspicious of changes in their operation, particularly if it is
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perceived that the quality of their product may be affected. Huisingh (1989) lists a number of constraints,
both internal and external, that must be addressed when imple:henting a waste management program

(Table 2.2).

Table 2.1 Example actions required at different management or political levels to assis in waste

minimization.
Level Example Actions
plant implementing good housckeeping practices; changing maintenance

procedures, material storage and product design; controlling fugitive
emissions, leaks and spills; use of recycled or reused materials; co-operating
with other plants to reuse or recycle matenial

manufacturers changing equipment design and operation to reduce waste, recycle

(equipment, materials, to use less hazardous materials and to improve recycling and

chemical) treatment equipment; producing chemicals which are less hazardous or
more effective

management initiating waste minimization programs within the company to facilitate

plant, material and equipment specific changes

industry changing standards to promote resource conservation, waste minimijzation
and use of recycled materials; testing and approving recycled matetials;
changing processes to reduce waste production; endorsing and encouraging
waste reduction practices and principles

community determining waste materials that can be used by other local industries as raw
' materials; co-treating wastes for either recycling or disposal

region defining local zoning and environmental standards; co-treating municipal
and industrial waste; managing regional waste exchange programs

country educating and promoting waste minimization; enacting legislation to clearly
define standards for waste discharge into the environment; initiating and
managing waste exchange programs

international initiating international agreements on transboundary movements of waste
and discharge of industrial wastes into international waters and air
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Table 2.2 Internal and external constraints addressed when implementing a waste management program

(Huisingh, 1989).
Internal Constraints External Constraints
- product quality - customer demands
- expenditure of capital - governmental mandates
- reluctance to change - regulatory approaches
- awareness of and availability of - environmentalist pressures
technically sound alternatives - awareness of and availability of

technically sound alternatives

Palmer (1982) found that scarce financial resources only accounted for 10% of the reasons for
companies not implementing waste minimization programs. Considering the present economic situation,
this has probably increased but the message remains; financial constraints may be a relatively minor

concern when introducing waste management programs.

Many waste management ﬁrogmms consider only a single category of waste such as industrial or
municipal solid waste, hazardous or non-hazardous waste, liquid waste or air emissions, or wastes from a
specific process or plant. This concept of waste management seis sharp boundaries between the types of
wastes, ignoring the fact that there may be no clear distinction between the types of wastes. Management
methods feasible for one type of waste may be acceptable for another and, in fact, combining wastes may
be more efficient, economically and/or technically (Vaananen, Pouttu and Kulmala, 1992). Most
industries and governments must deal with all types of waste.

Many strategies deal specifically with hazardous wastes, especially in the U.S. where legal
definitions and high costs of disposal for designated hazardous wastes ensure that they receive special
attention (Wassersug, 1992). Examples are found in Hazardous Waste: Detection, Control, Treatment
(Abbou, 1988) and Batstone, Smith and Wilson's discussion of disposal of hazardous wastes for
developing countries (1989). A number of company strategies deal primarily with industrial waste

minimization (Galil and Rebhun, 1992; Spearman and Zagula, 1992; Shieh and Sheehan, 1992; Chemical
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Manufacturers Wom 1989) and many government strategies deal with either industrial waste,
municipal solid waste or wastewater (O'Gallagher, 1950; U.S. EPA, 1988; MacLaren Engincers, 1989;
Krieth, 1992; Davis, 1988).

Some waste management programs, both corporate and government, are beginning to deal with
all types of waste (Shubert, 1990; Allessie, 1989). The Dutch approach (Allessie, 1989) is perhaps the
most comprehensive since it considers all types of wastes and their effect on the environment and
recognizes the value of wastes as resources. Since the Netherlands is a s@l countsy with limited
resources, it is perhaps easier for an overall plan to be incorporated since the number of environmental
parameters would be manageable. However, their small size, limited resources and the variety and
quantity of materials they produce also requires the scrious consideration of intcgrated resource
management since any pollution could have a major effect in their country (Schneider, 1991). Such
considerations are also valid for islands states such as the Caribbean.

Integrated waste management has been used to refer to a wastc management plan that constitutes
“cradle-to-grave” waste management, as opposed to waste minimization or waste disposal (Shich and
Sheehan, 1992). In order to be comprehensive and effective, any wastc management plan should
incorporate such an approach (Allessie, 1989). Such plans usually also r..anage only a specific plant's,
company's or community's wastes and most plans consider by-products to be wastes, not resources.

Within the tenets of industrial ecology, integrated waste management planning acquires a
different meaning. Rather than being a plan for managing all different types of wastes at one plant only,
industrial ecology looks at waste production at a number of plants and attempts to find optimum solutions
for managing all wastes in an economical and environmentally sound manner. Moreover, considering the
concepts presented by cascade theory, it is more appropriate to usc the term ‘integrated resource
management’, which recognizes the value of process by-products. Therefore, within this research,
integrated resource management assesses a wide range of resource types, including gas, liquid, sludge and
solid wastes, and attempis to determine the most economical and effective methods fqr managing

resources, including reduction, recovery, treatment and disposal of process by-products. This management
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concept is fundamental for the implementation of sustainability within industry. Moreover, for countries
with rapidly depleting resources and few environmental standards as exists in many developing countries,
the implementation of such practices would assist in reducing impacts on the environment, potential

threats to human health and pressure on the resources.

2.6 Waste Management and Developing Countries

Developing countries range from those which are experiencing a rapid industrialization and
consequent economic development (e.g. Mexico, Ma.l_aysia, Philippines, Thailand) to those which still rely
primarily on agriculture, tousism and small, light industry as an economic base (e.g. most small islands in
the Caribbean, Brunei, Darussalam and Maldives). The former are facing waste management problems
similar to those faced by industrialized nations in the early 1950s and 1960s (Uriarte, 1991), inctuding
problems with municipal solid waste, wastewater and industrial wasie management and disposal. The
latter countries contend with municipal solid waste, wastewater and a limited volume of industrial and
non-point source agricultural pollution. Some developing countries have set environmental standards, but
few have the enforcement capabilities to ensure that the standards are met (Wilson and Balkau, 1990;
Saraswat and Khanna, 1989).

Industries in developing countries include highly technical operations, incorporating
combinations of old and new technologies (¢.g. the petroleum industry) and producing large volumes of
wastes but many are small operations, following traditional means of production (many textile and metal-
working companics operats in this manner) and produce less than 100 kg o_f waste per annum (Wilson and
Balkau, 1990). The traditional production methods may have evolved their own methods of wasic
disposal, which may not be environmentally acceptable; in addition, some wastes may be recycled or

_reused in a grassroots .waste exchange program (Jensen, 1990).

In developed countries, government approaches to waste management policy and legislation

range from the traditional pollution standard with a minimal commitment to wastc minimization to a long

term objective of maximum reduction in discarded wastes and minimal negative impact from those wastes
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(as found in the Netherlands; Allessie, 1989). The U.S. EPA has initiated a Pollution Prevention Office
which inciudes amorg its objectives the incorporation of pollution prevention into EPA policy, the
supplying of tools and mechanisms to prevent pollution and the marketing of pollution prevention as a
new environmental ethic (Morse, 1989).

It must be recognized that it is difficult for developing countries to Iimit industrial development
through environmental controls and restrictions as there is often an emphasis on short term gain
(Bowonder, 1987). Consequently, many developing countries have few standards or limits which
industries must meet and, even if such legislation is in place, the problems of enforcement often prevent
such legislation from being cifective (Pareck, 1992, Wilson and Balkau, 1990). In addition, disposal of
municipal and sewage waste is often haphazard and uncontrolled (Uriarte, 1991; Viugman, 1991). The
price of industrialization without environmental controls is illustrated in the conditions now found in
Eastern Surope, where water, air and soil are polluted to such an extent that lifespans have been affected
and villages have required evacuation (Wassersug, 1992; French, 1991). Effective policies, legislation and
enforcement must be in place to effectively manage waste production (Ehreth, 1991; Biswas, 1988).

Wilson and Balkau (1950) outlined the steps involved in the evolution of a hazardous waste
management system for developing countries (Figure 2.3). However, they noted that the sequence of steps
will vary from country to country and that management methods must be adapted to specific Jocal needs
and circumstances. Using case studies, they determined some of the differences between developed and
developing countries:

a) small generators are the norm, not the exception in many small countries;

b) non-industrial sources of waste may be important,

¢) the environmental and health impacts may vary between industrialized and developing countries;
d) climatic differences may require changes in waste handling and design or handling of wastes;

¢) transporiation networks may be inadequate, requiring local solutions;

f) government bureaucracy may make complex control systems difficult to implement.
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Most of their recommendations involve bursaucratic changes that are necessary to initiate a management
program, such as implementing controls over pollution, designating and training people to resolve
problems. However, initiating waste minimization practices, promoting public, media and industry
education and obtaining independent advice are measures that can be taken independent of government

action and therefore are appropriate for industrial participation.

[lmegrated system J
| Chemical controls |
| Waste minimization |
| Polluter pays |
| Waste exchange
| Waste survey |
| Hazardous waste legislation |
| Transport controls |
| Landfill legislation |
| Trade waste controls
| Water pollution controls |
Sewage

Figure 2.3 Steps in the evolution of waste management systems (Wilson and Balkau, 1990).

When considering sustainable development, assimilative capacity, or the ability of a system to
assimilate pollutants, becomes an important concept since the assimilative capacity would be a primary
factor restricting development. Singh (1990) points out that assimilative capacity is more imponant for
small, developing isiand states since the assimilative capacity of such islands is lower than for larger, morc
geologically and ecologically diverse continental countries. The use of sustainable development concepts,
protection of the environment and proper management of wastes is, therefore, vital to those small island
states. The state of waste treatment plants in developing countries (Vlugman, 1991) indicates the
necessity of ensuring that téchnology fits the culture or that attempts are made to ensure that the level of

skilled, trained labour available is consistent with the requirements of the technology (Armstrong, 1989).
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An integrated resource management planning decision process for 2 developing island state could
assist in;

a) sensitizing waste generators, both industrial and non-industrial, to waste management issues and the
need for policy;

b) increasing the potential for selling waste products and potentiaily improving the economic return for
companies;

¢) reducing the number of waste recovery, treatment and disposal facilities that are required, thus reducing
the potential impacts of such facilities on a limited ecosystem.

d) enabling the costs of waste recovery, treatment and disposal facilities to be co-funded by industries and
municipalities, thus making them more afiordable:

¢) improving the efficiency of resource use and increase resource conservation,

Implementation of an integrated resource management plan, however, requires a significant level
of expertise in a number of disciplines. Wastes can be divided into a number of categories; biodegradable,
non-biodegradable, heavy metal or salt bearing, liquid, gaseous or solid, water-soluble, etc. The type and
valume of wastes define the possible reduction, recycling, treatrneml and disposal methods. However, the
evaluation of waste management options that will be most effective requires a knowledge of chemistry,
biology. geology, engineering, ecology and environmental policy which few managers have. Managers
need direction to assist them in determining the most effective waste management options. In many cases,
consultants provide that direction, but often at a high cost, which would be unaffordable and possibly
unavailable in developing countries. However, knowledge-based decisions support systems (KBDSSs) can
be developed to provide assistance to managers in making decisions about waste management at much less
cost. Considering the lack of expertise availabie in developing countries and the multitude of parameters
that must be considered when examining options for waste reuse, recycling and co-treatment, a KBDSS
could greatly assist industries in these countries in initiating integrated waste management programs.

It must be recognized that, considering the lack of funds, the input requirements for the KBDSS

must also be limited as analyses of waste materials can be extremely expensive. Technical limitations,
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such as power and water fluctuations or shortages which often occur in developing countries, point out the

necessity of introducing processes which can reduce water or power requirements.

2.7 Knowledge Based Decision Support Systems

The main goal of a decision support system (DSS) is "to provide decision makers with tools for
interactively exploring, designing and analyzing decision situations in a manner compatible with their
mental representations” (Angehrn and Liithi, 1990). A DSS is. traditionally, a system that provides tools
to managers to assist them in solving semistructured and unstructured problems (Parker and Case. 1993).
OBrian (1990) classifies DSSs as computer-based information systems that provide interactive
information support to managers during the decision-making process and may include analytical models.
specialized databases, a decision maker's own insights and judgments and an interactive, computer-based
modelling process. Controversy exists as to whether DSSs are a broad group of systems that encompass
spreadsheets to knowledge-based and expert systems {(Angehrn, 1993) or are a specific, separate type of
system (O'Brian, 1990). Angehrn (1993) defines two broad types of DSSs. The first, vehicle DSSs, are
vehicles for conveying an expert's problem solving strategy for resolving a specific problem (o a decision
maker. These would include expert sysiems and knowledge-based systems and are guidance mechanisms,
The other, toolbox DSSs, provide loosely coupled sets of flexible tools, such as modelling functions,
statistical functions, graphic packages and simulation and optimization subroutines.

A knowledge-based system (KBS) adds a knowledge base to a compuler-based information system
(O'Brian, 1990), representing and manipulating knowledge aboul non-structured problems to find a
solution (Guida, Marchesi and Basaglia, 1992). Adding a knowledge base 10 the database and model base
of a decision support system results in a knowledge-based decision support sysiem (KBDSS). Van
Weelderen and Sol (1993) term this an expert support system, discerning that compulers should provide a
support function in solving problems rather than act as experts.

Expert systems imitate the reasoning processes of human cxperts and provide decision makers

with the type of advice they would normally receive from human experis {(Parker and Case, 1993).
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O'Brian (1990) classify expert systems as KBDSSs which act as expert consultants to end users about
specific, complex applications. The knowledge base includes both facts and heuristics that express the
reasoning procedures of an expert on the specific subject. O'Brian differentiates between DSSs and expert
systems by a number of factors as listed in Table 2.3. For the purposes of this dissertation, decision
support systems that utilize knowledge bases will be referred to as kn.owledge based decision support

systems (KBDS8Ss}.

Table 2.3 Differences between DSSs and expert systems (O'Brian, 1993).

Attribute
Objectives

Recommendation/decision
maker
Major orientation

Major query direction
Nature of support

Data manipulation method

Characteristics of problem
area

Type of problems treated

Content of database

Reasoning capability
Explanation capability

DSS

Assist human decision
maker

Human and/or system

Decision making

Human queries machine

Personal, groups,
institutional

Numerical

Complex, broad

Ad hoc, unique -
Factual knowledge

No
Limited

ES
Replicate a human adviser

System

Transfer of expertise,
rendering of advice
Machine queries human

Personal, groups

Symbolic
Narrow domain

Repetitive

Procedural and factual
knowledge

Yes, limited

Yes

Within a KBDSS, the user defines the problem to be considered; the system then prompts the user
for information. KBDSSs often incorporate IF., THEN siatements to provide answers, using a database.
Such systems allow users to deal with many possible solutions, including what-if scenarios, may
incorporate uncertain;y and can provide both numerical and written solutions (Mollenkamp, 1989; Merry,
1985). In designing such systems. a series of questions must be considered and answered: "why"
(organizations, organizational structures, problem classes, individuals, tasks), "what" (tasks, including the

information needed to solve the problem, the information from solving this problem, the expert's problem



solving behaviour and the support structure or inference engine gi' the engine). "how" (information
grouping and processing) and "with what" (hardware and software) (van Weelderen and Sol. 1993).
There are a number of inherent limitations found in all KBDSSs:

i) Relevance of Material
Despite all efforts, KBDSSs reflect the data that are available when the system is written. As new
information becomes available, decisions may be made on a different basis or using new factors.
Probabilities may also change. Although most systems contain some methods 1o upgrade the
system, time and effort must be spent to ensure that the system is upgraded.

ii) Knowledge
The system is only as good as the knowledge that is incorporated into the system. Although
systems are usually evaiuated by a number of users and by some experts, such validation may be
expensive and, consequently, may not be extensive. In addition. even expents differ on their
interpretation of data, their msthod of making decisions and their ultimate decisions (Clark, P.,

1990). Furthermore, the knowledge or expertise to solve the problem must be availabie (Yurman,

1990).
iii) Objective
The ultimate goal of the system will affect how the decisions are made. If the ultimate endpoint
of the system is to provide the most economical method of remediating a site, then methods that
comply with the standards of the law and minimize the cost will be proposed. However, if the
goal of the system is to ensure that the environment is protected then the system may go beyond

the letter of the law and propose solutions that may be more expensive but will beiter protect the

local environment,
iv) Data Limitations
Information and data must be supplied by the user and, if the information supplied is inaccurate

or has been misinterpreted, then the results of the system will be of limited use. For example if
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results of an analysis are required 1o provide basic information, then the svstem depends upon the
accuracy of the analysis.

v) User Expertise
Although many systems provide explanations of technical jargon or specific terms, some
knowledge on the user's behalf is expected. Verification and validation of the system should
reduce the probability that the system results will be misinterpreted or that the system will
preduce unacceptable answers (Stunder, 1990).

KBDSSs are being produced to solve a number of problems. It is important that the user
recognize the limitations of the system and how the decisions are made. Most systems provide some
mechanism to enable the user to follow the decision making process (Gevarter, 1987). That process
should be examined to determine the basic assumptions that are used to solve the problem. Without this
understanding, systems can be misapplied and the results used to promote incorrect courses of action. In
addition, it is important that the decisions made also incorporate an ethical consideration which should not
be dictated by the decision support system.

KBDSSs have the capability to be widely abused. Inexperienced employees may rely too heavily
on a decision support system and not try to understand the process involved in the decision making process
(Ostrowsky and Swezey, 1989). Employees may actually not gain expertise as they rely on the computer to
provide all answers (Dreyfus and Dreyfus, 1986).

Finally, most professionals iend to use in their diagnoses or decisions, a strong mixture of
knowledge, information, experience and some intuition (Ostrowsky and Swezey, 1989). The factor of
intuition is most difficult to incorporate in a decision support system. It is that intuition that could
incorporate the additional factors that make a program successful or points it in the correct direction.
Some aspects may be incorporated into the probability component of the sysiem, but some require
experience and insight (Dreyfus and Dreyfus. 1986). Michie (1990), however, has found that using

computer analysis of movement and behaviour patterns may provide some models of expert physical
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behaviour (such as driving a vehicle), and this may be applicable to expert thought processes, although
this has yet to be explored.

As a result. some problems may not be suitable for decision support system application.
According to Yurman (1990), some of the criteria that must be met o ensure successful application of an
decision support system include:

a) the problem must be solvable by conventional means;
b) the problem must have recognized bounds and be clearly defined: and
c) the problem must be solvable by an expent, preferably within a week.

Although there may not be solutions yet for all waste management problems, most are solvable by
conventional means. The problem boundaries are clearly defined for this research. Finally, most waste
management problems are soivable by experts, although more than a week is usually required. Much of
this time is spent in initiating and organizing the program and gathering data (Freeman, 1990). The time
required for actual problem solving is probably within a week. although there is litle information in the
literature about such time requirements.

In developing a decision support system, shells are frequently used to provide the basic
framework for the system. The features of shells available on the markel must be assessed 10 assist in
selecting a shell for the proposed decision support system. In addition, existing KBDSSs for waste
management must be examined to determine the current state of development in the field and to determine
if any aspects of those systems could be integrated into the proposed system.

a) Knowledge Based Decision Support System Software
KBDSSs can be developed through three approaches:
a) a custom-built system using an Al development language such as LISP or Prolog,
b) a prewritten expert system shell without a knowtedge base; and
c) a prewritten application package which can be fine-tuned.
Writing a custom-built system is the most expensive and time-consuming approach but allows specific

tailoring to the application, while application packages, if available and applicable to the problem o be
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solved, can be the least time consuming. No application packages were found that could be used for the
problem defined in this research.

Decision support systcm' shells facilitate the construction of an decision supporl system, acling as
a building tool (Mackerle, 1989). Since different shells offer different features, such as backwards or
forwards chaining, explanation functions for the user, rule-based or object oriented programming, ability
to interface with database management systems, etc., can vary in price from hundreds to tens of thousands
of dollars and have varying rule limitations, run speeds and memory requirements, it is important that the
shell be selected carefully (Mettrey, 1992; Mackerle, 1989). Some shells are designed for solving specific
types of problems, thus increasing their reliability and efficiency (Bradshaw, 1991; Marcus and
McDermott, 1989).

Mackerle (1989) reviewed 86 decision support system development tools or shells. identifying the
computational and memory requirements, the cost, language, knowledge representation, inference engine
capabilities, interfaces and integration capabilities of each. The time required to learn the system is also a
concern. All of these aspects and more must be considered when selecting an decision support system
shell for a specific purpose.

b) KBDSSs Develeped for Waste Management

In 1991 there were about 70 KBDSSs presently on the market that deal with environmental
problems (Erhle, 1991), a significant increase over the 21 available four years earlier (Hushon, 1987).
About 20 systems had been produced in Canada, Germany and a few other countries while the majority
were produced for the U.S. market (Erhle, 1991).. A number of these systems tackled the problems
inherent in waste management.

One system, TSDSYS, selects treatment or recycling facilities for wastes in the U.S. (Hushon,
1990) while XUMA, a German system, cvaluates hazards of chemicals and identifies disposal options
(Geiger. Osterkamp and Weidemann, 1991). Systems developed by the U.S. EPA support data sampling,
analysis and validation (Olivero and Bottrell, 1990). predict aguatic toxicity of contaminants (Hickey et

al.. 1990). aid hazardous waste site investigations (Goldblum, Clegg and Erving, 1992: Cross, Flores-
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Pineda and Hindin, 1990; Fang, Mkroudis and Panukcu, 1990), develop and cost remedial actions for
Superfund sites (Chenu and Crenca, 1990} and perform risk assessments for hazardous wastc (Schaum, ¢t
al., 1990). The Multimedia Environmental Pollutant Assessment System (MEPAS) integrates source-
term, transport and exposure models to estimate potential health impacts from toxic chemicals (Whelan et
al,, 1992). A number of systems deal with control, cost modeling and problem solving for wastewater
treatment systems {Galil and Levinsky, 1991; Laukkénen and Pursianen, 1991; Collins and Bristol, 1992)
and an optimization method for liquid industrial wastewater u'éalmem has been outlined by Ellis, McBean
and Farquhar (1985). There are numerous other systems. many of which are listed in Hushon (195%0).
Foster (1992) and-in UNEP Industry and Environment volume 14. nos 1 and 2. None, however, deal
specifically with problems in developing countries.

Most of the waste management software deals specifically with purchasing, tracking. shipping
and regulatory compliance, waste site investigations and determination of toxicity of chemicals. One
system, RESREC, assists in evaluating resource recovery options, using waste characteristics and cost,
while the Environmental Assessment System (EASY) evaluates environmental impacts and implications
of LNWT (Hushon, 1990).

A knowledge-based prototype system was developed by Evenson and Bactz (1994) to select and
sequence treatments for hazardous wastes. The system used NEXPERT on a Sun Sparcstation, and
suggested potential treatment sequences (0 reduce contaminants to treatment objective levels.

Barnard and Olivetti (1990) have developed an decision support system which allows prediction
of industrial waste production within an area. The system contains a databasc of known types and
quantities of waste arising from manufacturing industries and bases the predictions on waste praduction
per employee in other locations. The system does not provide any advice on waste management options or
on environmental impacts.

In conjunction with their Pollution Prevention program, the U.S. EPA has developed an decision
support system, the Strategic WAste Minimization Initiative (SWAMI) which identifies wasle

" minimization opportunities, prioritizes and devises a strategy 10 take advantage of those opportunitics
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(Peer Consuitants, P.C. and University of Dayton Research Institute, 1992). The system uses mass balance
calculations, generates graphic process flow diagrams and identifies strategies such as resetting controls or
making major equipment changes to reduce waste production. It does not provide information on waste
recovery, treatment or disposal options, nor does it consider environmental impacts.

Some models can be used as the basis for KBDSSs and numerous environmental models have
been developed. Piazza et al. (1992) use costs and process modeiing 1o analyze manufacturing waste
generation and effectively design process control systems to minimize consumption of reactants while
meeting other process constraints. The computer modeis were developed for each specific process
examined to illustrate where wastes were being generated. Although they termed it a methodology for
characterizing the environmental impact of manufacturing processes and operations, this work only
examined the internal manufacturing processes and costs for manufacturing and waste disposal. not the
environmental impacts.

An economic analysis model for hazardous waste minimization (EAHWM]) has been developed to
enable users to cvaluate life cycle costs for waste minimization practices and compare them to current
operating costs (Dharmavaram, Mount and Donahue, 1990). This model is applicable to other wastes and
compares costs of waste reduction, recovery and treatment. The approach provides information on waste
management methods for solvents, paint stripping, metal plating. industrial waslewater treatment plant
wastes, used oil and batteries, which are the primary processes of concern to the U.S. Army. Default
values can be used for calculating costs for options to those processes, but the user can input alternative
cstimates and estimates for other options and processes. Another economic model has been developed by
Karam. St. Cin and Tilly (1988) for providing economic evaluations of hazardous waste minimization
options, using user-inpuited cost estimates. and incorporating user-defined confidence ranges. Neither
model considers environmental parameters within its analysis.

A decision suppont system for assisting industrial waste management has been developed by a
consortium of industry, consulting, research and government partners to find efficient methods of waste

treatment and disposal. taking environmental regulatory criteria and economic constraints into
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consideration (Pintér, 1993). The system, Environmentally Sensitive investment Syster’i; (EéIS), only
considers wastewater ma:pagerﬁem options and is currently designed for the pulp and paper industry,
although its scope could be broadened.

A specific wastewater treatment optirnization model has been written for developing countries
which considers environmental, cultural and social factors as well as economics and selects optimal
wastewater treatment systems for a developing country (Ellis and Tang. 1991 Ellis and Tang. 1994).
Models for integrated poliution control dealing primarily with end-of-pipe technology (Munshi, 1990}, air
and water poliution and soil interactions (Chen, 1991: Pictet, Giovannoni and Maystre, 1992) have also
been written. Pictet's model uses a multibox system utilizing load factors and mass balance equations to
produce a final ranking showing environmental impact.

) System Verification, Validation and Evaluation

Any KBDSS requires some means of determining correct performance or verification and a
number of strategies have been developed (Landry, Malouin and Oral, 1987; O'Keefe, Balci and Smith,
1987; Renard, Sterling and Brosilow, 1993). Evaluation is the process of determining if the system can
solve real-world problems while validation has been defined as "the process of determining that an expent
system accurately represents an expert's knowledge in a particular problem domain” (Q'Leary, Goul,
Moffitt and Radwan, 1990, pp 51) and includes verification and substantiation. Verification is
confirmation that the system contains the entire problem and will provide aA credibie solution while
substantiation determines that a mode! or system is accurate within the limits of the system.

Both consistency and completeness of the knowledge base, as well as logical correctness of the
rule set are part of verification. Nazareth (1989) has detailed the errors that may occur in the logic of
KBDSSs and these include:

a) redundancy
b) conflict
c) circularity

d) missing rules
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e) missing facts.
Typographical mistakes, inpul error (omitting part of a rule, reversing direction of a rule), errors
introduced when upgrading 2 system and overreaching the boundaries of the initial system are also errors
that may occur in expert systems. In addition, scientific and technical limits to the data aiso introduce
errors. Finally, improper application of the system also will result in errors.

Systems can include verification mechanisms to prevent a number of errors from occurring in a
system but the system must still be assessed to determine if the data itself are applicable and accurate for
the specific problem the system purports to solve. Finally the system must also be evaluated using case
studies to ensure that it can solve real-world situations.

d) KBDSSs and Developing Countries

According to the literature, there have been no KBDSSs or expert systems written which
recognize the concerns of developing countries. Ellis and Tang (1991. 1994) have developed models for
optimization of wastewater treatment in developing countries but most KBDSSs or experl system were
designed wiih the concerns of developed countries as a priority. Although cach developing country has its
own set of unique problems, three problems are likely common - a lack of funds, a lack of expertise in
treatment processes and a lack of environmental legislation. The lack of funds means that any system
must be able to run on a micro-computer system, rather than a larger, more expensive system such as a
Sun workstation. In addition, if a shell or supporting software sysiem is being used, it must be

inexpensive and readily available.

2.8 Summary

In response to stricter waste disposal and pollution control legislation, higher waste disposal costs
and increased penalties for non-compliance, waste management in industrialized countries has moved
from end-of-pipe technology to focusing on waste minimization and recovery in the last five years
(Crittenden. 1992: Jacobs, 1991. Jeﬁ“el"y. 1992). A variety of mechanisms for incorporating this waste

management philosophy into government and industry programs have been proposed (Allessie, 1989;
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Freeman, 1990: Hazardous Waste Engineering Research Laboratory. 1988). A number of companies have
undertaken waste minimization programs and have realized significant financial benefits within a few
years of the programs' inceptions (Ehreth, 1989). Most of these programs, however, only take one waste
type. ¢.g. hazardous or non-hazardous, industrial or municipal, into consideration. As a consequence,
these programs do not incorporate potential Co-recovery or co-treatment options that could be
economically and technically efficient, with industry and municipalities sharing costs for ecquipment.
facilities and transportation (Vaananen, Pouttu and Kulmala, 1992). A program with these typc of
characteristics would be described as incorporating integrated resource management principles.

Few developing countries, however, have undertaken wast¢ management in any form. with many
having no environmental or poliution standards or the enforcement capabilities 1o uphold any such
legislation (Wilson and Balkau, 1990; Saraswat and Khanna, 1989). In addition, they facc pressure from
industry in developed countries to dispose of hazardous wastes (Suite, 1990; White, 1991}. Consequently.
developing countries require assistance in promoting waste reuse and recycling and in the proper
management of wastes in general (Singh. 1990).

KBDSSs are used to provide expertise that is not readily available, and over 70 environmenial
KBDSSs have been written, some of which consider waste management concems (Erhle, 1991). The
majority of these deal with chemical toxicity, site remediation, data sampling, and some are specific to
wastes such as municipal wastewater or hazardous wastes (Hushon, 1990). Models have also been
developed 10 assist in determining waste minimization options and costs (Peer Consultants, P.C. and
University of Dayton Research Institute, 1992; Dharmavaram, Mount and Donahuc, 1990; Karam, St Cin
and Tilly, 1987) and for determining integrated pollution contro! options (Munshi, 1990) and air, water
and soil interactions (Chen, 1991; Pictet et al., 1992). However, from a review of the existing literature,
no KBDSSs have yel been developed to provide advice on options for integrated industrial waste
management planning, including different waste types (e.g. hazardous and non-hazardous waslcs) or

different waste producers (e.g. a range of industries). In addition, limited KBDSSs or models have
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recognized the specific requirements of developing countries, and none acknowledge the problems
inherent in waste management planning for small island applications.

This chapter focused on literature which discusses the concepts of industrial ecology and
integrated waste management, how they can be implemented and the possible benefits the application of
these concepts couid have for developing countries. The role of knowledge-based decision support systems
in implementing effective waste management practices was also discussed and the contributions of this
research were defined.. Chapter three will discuss the development of a prototype KBDSS for integrated

waste management.



3.0 Development of 2 Knowledge Based Decision Support Svstem Prototype

By matching the major components and parameters of a waste material with the requircments
needed for an input, the potentials for reuse or recycle can be determined. Changes which are needed to
match the input requirements can be effected by a series of treatments. cach of which change the
parameters of the waste material. The series of required treatments is termed a treatment train. Once all
treatment trains have .been defined for a group of wastes, the final selection of treatment options can be
made to provide an optimal waste management system. This chapter describes the system model in detail,

the selection of the software, inputting of the data and the inference engine.

3.1 The System Model

A typical plant operation involves inputting a raw material or input into a process which then
produces outputs which may be either a product or a waste material (Figure 3.1). Processes can include
many of the operations at a plant - the manufacturing process (which produces the product), the cooling
process or the maintenance process, while inputs can include raw materials such as iron ore or waler as
well as manufactured items such as filters. Inputs usually have to meet certain specifications to optimize
the process and to produce a quality product. These specifications include the percent of the major
components and their chemical composition as well as the ranges acceptable for the parameters of the
input material such as the pH, the trace contaminants or the amount of suspended solids. Products also
have to meet quality specifications but waste materials are usually treated according to the common
characteristics they display, such as the TOC or pH.

In order to reuse wasle materials, a number of criteria has to be met. First, the input must not be
a2 manufactured item such as a filter. Used manufactured items usually require specific treatments or
inspection and replacemént of worn parts for recycling.  Second, the waste material musl contain the
major components and the percent required in the input. Third. the parameters of the waste must lie

49
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Input Streams ~ Processes Output Streams
anufacturing =
= process

(by-products)

Inputs] ——> maintenance / match to
process standard
matchto
< nput y
o isposal
match Treatment Train
aste| —{>treatment 1 —{>treatment Z{>treatment 3> freatment outpuf]
< maich to match to

input standard

Figure 3.1 Movement of materials through procasses and treatments for reuse, recycling and disposal.

within the acceptable range required for the input. Once these criteria have been met, the waste material
can be considered for reuse.

To recycle a waste material, treatments are usually required. Since the treatments and refitting of
new paﬂs is specific to the item and would require an expert system in itself, manufactured items were not
considered within this mode} for recycling. The waste material must still contain the major components
required by the input, but the percent in the waste can be changed through treatment. Similarly the
paramelers of the waste can be changed by treatments.

Treatments usually have a primary effect on one or two parameters, but that change may affect
the characteristics of other parameters. For example, removing oil from a waste will then change the
percent of water in the waste material, Moreover, since the parameters can affect the efficiency of .the
treatment, the parameters of a material that a treatment can effectively treat must lie within a range

specified by the treatment. Even if a material lics within the acceptable range, bench testing is still



necessary to ensure that the treatment is efficient, since each waste is unique and its combination of
parameters may reduce the effectiveness of the treatment. °

The ontput of the treatment is also defined by its parameters and these can be determined by
calculating the changes that have occurred. Treatments usually produce more than onc output and an
output is selected by the degree to which it matches the required parameters. The other outputs are termed
secondary wastes. Both input paramelters and the determination of treatment output paramelers are
discussed in detail in Chapter 4.

Once the inputs and outputs of a treatment have been defined, it then is possible to determine the
treatments required to recycle a waste material or to meet disposal regulations. The parameters of the
waste material are compared to the input requirements; treatments which primarily affect thosc parameters
which do not fit the range but will accept the material are then selected. The output is then calculated and
compared to the input requirements; if they do not match, another treatment is then selected (Figure 3.2).

This sequence of waste — treatment] — treatment 2 — lreatment 3 — input is termed a Lreatment train,

Does a material need to be Lt
treated by a specific treatment? %

yes no

Examine another
treatment

Earﬁbe treated by

e —

that treatment?
§|] no
Determine parameters Find treament to changil
yes which do not match those parameters

Calculate

output
Does this match the| "2 = 'Determine the Find treatment to
desired outcome? lunmatched parameters change parameters

1 yes
COMPLETE

Figure 3.2 Determination of treatments for the treatment train.
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To optimize the final selection, costs of materials and treatments would have to be inciuded and
this is beyond the scope of this present research. However, by allowing the user to select shorter treatment
trains, or trains which produce low volumes of secondary wastes from treatments, costs may be reduced.
Rv determining all the possible means of treating wastes from a group of piants for reuse, recycling or
disposal, possibilities for treating wastes with the same treatment can be determined which can also
significantly reduce costs. Using one or more of these criteria, possible opticns for treatment of all the

wastes can be determined.

3.2 The Programming Software
A number of potential expert system sheils were examined to determine which was suitable for
the purposes of this research. The criteria that were considered were:
1. system flexibility;
2. capabie of handling significant volumes of data:
3. cost {< $500Y;
4. capable of producing a user friendly interface; and
5. easy to learn and program.

Of the systems that were examined, most were expensive, not easy to learn or were insufficiently
flexible. Most systems required that the system interface with ;l separate database system and few had
flexible, user friendly interfaces. Discussions with a number of individuals familiar with expert system
shells prompted the use of Paradox, a database program compatible with Windows or DOS. This
inexpensive program (~$200 for Paradox for Windows, 1995) is essentially a database but also
incorporates an objecl-oriénted programming system. Within this program, interactive forms can- be
designed which can accept data directly into tables. Moreover, checks on the data to ensure that they are
in the corvect format or within acceptable levels can be included with each object for verification purposes.

Paradox is not set up as a rule-based shell. However, it was determined that, rather than using

[F..THEN rules. for the purposes of this application, it would be more effective to use tables to store and
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compare parameters. Since Paradox is a database, this capability was readily incorporated into the
program. Paradox is nota spreadsheet. however, 50 calculation formulae cannot be readily stored in tables
except as strings, although it can be linked to a spreadsheet or to a language compiler (¢.g. C). Paradox
will also incorporate or translate DBase files.

Paradox does not contain an inference engine so a major task was the development of an

inference engine that will accept the tabled data, compare it with the knowledge base, calculate an output

and determine the suitability of those outputs.

3.3 User Interface, Data Storage and Data Handling

The user interface operates through a series of menus, where the user makes choices, and forms,
which the user compleies. As data are entered into forms, they are placed into tables in the database, A
complete set of the data input forms is found in Appendix 5. The current system does not provide the user
with explanations of the data required but this feature could be incorporated into the system in futurc
developments. Figure 3.1 illustrates the flow of materials through processes and treatments for reuse,
recycling and disposal and the terms that are used in this section.
Level 1
Step 1

At level 1 (Figure 3.3), the user must enter data about the plant, identifying the company., plant
name, industry type, contact person. telephone and fax number and a description of the plant.
Step 2

A specific plant process (2.8 manufacturing, maintenance, cooling etc.) is then selected and the
composition and characteristics of the inputs are obtained. If the selected process produces a product, a
basic mass balance must be completed for the process by the user.

The general data forms for inputs (Figure 3.4, Figure 3.5) obtains the following data:

a) the state of the input (gas, liquid, sludge or solid),



Campany : | |
Industry : rhﬂmi@] E
Plant : i ]
Add ancther plant
Address : L ]
Continue this plant
Person Interviewed : | J |
Process :
Site Description :
Figure 3.3 Data required about the plant.
Inputs
Plant : [Fertilizers of T&T | Process ‘jacid gas removal

Input : triethylene glycol

State: | liquid ]
Mass: | 021 fonnes

4*; per ear ¥

Cost: [_

@ manufacturec matenal

. per tennes

ysimple material

Figure 3.4 General data form for inputs



55

Plant: Caribbean ISPAT Ltd. 1 Process : DRI prod. )

Input : jron ore }

Please input the essential componenis in this material, listing the
cercent of each and the allowable maximum and minimum of each.

iInput Component Current Percent Minimum Maximum
1 iron ” P 67.3% — §7.00 7080
2 .................................................................
3 R
4

Figure 3.5 General data form for inputs - obtaining input 6omponent data. The components inay not

equal 100% since only four major components arc necessary.

b) if the input is simple (a raw material such as iron ore or a non-complex material such as white spirit
which contains four or less major components), or complex {a material such as a cartridge filter or
a specific mixture of chemicals which contains more than four major components);
c) the mass of the input per period (this is transiated into mass per annumy);
d) the four main components of the input_and the average, minimum and maximum percent of each
component; and
€) the cost of each input.
The form does niot allow a minimum greater than the average or a maximum less than the average to be
entered and the average total must be less than or equal to 100%.
The system requires mass estimates to calculate the mass balance, Some materials, however, arc

not commonly measured in mass, particularly gases, liquids and manufactured items such as filters. The




user is required to provide mass and must make any requi'red‘mlmlation to provide a mass estimate. In
many cases, masses of waste produced are only estimates and any mass balance using such figures
becomes only a very approximate estimate. .
Step3

If the input is simple then the next form (Figure 3.6) obtains information about the input
parameters; otherwise information about the next input is obtained. If ail inputs have been obtained, then,

if the process produces a product, product data are obtained (Step 4). Otherwise the user moves to Step 5.

Liguid Inputs - continued
Plant [T&T Methanol Gas Co. Ltd. |

Input

Minimum Maxirmum

PH: 7.00] 6.00 8.00:

coD: 20.00| 0.00; 25.00;
Soivent: __....000  __...08
Oil: 0.00;
Particulates : _ 0.00
Dissolved solids : __boo
Heavy metals: __........0.00 000
NOz 0.00
NHs 0.00}

Organic Toxics : 0.00)

Sulphide : 0.00| 0.00; 0.10}

PO4: 0.00! 0,00 :

Figure 3.6 Form for obtaining input parameters.

Step 4 (processes producing products only)

The product data form (Figure 3.7) obtains the following information:
a) the state of the product;

b) the mass of the product per period;
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¢) the four main components ;)f the product and the average (average percents must add up to equal to or
less than 100%), rmmmu.m (must be less than or equal to the average) and maximum {rnust be greater
than or equal to the average) percent of each component; and

d) the cost of the product.

The user then moves to Step 5.

Products

Plant : [Caribbean ISPAT Lid. 3 Process : pteel prod.

Product : Eteel billets |

N_Iass : |120.000,000.|

Component Percent

steel P 100.00|

Figure 3.7 General data form for products.

Step 5
General waste data are then obtained for each waste from that process. The information obtained
for wastes (Figure 3.8) inciudes:
a) the state of the waste;
b) the mass of waste produced per period; and

¢) the four main components of the waste and the average percent of zach component.
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Wastes

Piant: [Fertilizers of T&T | Process : fcid gas removal |

Waste : [monoethanclamine ' State - Fludge %

Mass . 108.86 M per Fate : pffsite waste disposal iy

Component Percent
1 monoethanolamine ] . 80.00
2 acid organics | 14.0
3 vanadium | 1.50 e
4 antimony ! — 008

Figure 3.8 Form for obtaining general waste data. Component percents may not add up to 100 since only

four major components are required.

The specific parameter information required for simple inputs and for wastes depends upon the state of the
input (see Table 3.1) and is measured in parts per million (ppm), unless such a measurement does not
apply (ic. pH). The parameters were selected for threc main reasons - their discharge into the
environment is regulated; they specify limits to treatments or they specify recoverable materials. Other
factors such as human health and/or environmental impact and possible effects on material used for
equipment construction were also considered. Since many regulations limit parameters at the ppm level,
this was considered to be the most effective means for recording the parameters. The user must remember
this however and, at present, must translate any percentages into parts per million.

An attempt was made to lump parameters (e.g. all heavy metals) together tc reduce the number of
inputs the user would have to make, This may lead to some inadequacies in the system since, for example,

different heavy metals have different properties and may not react to treatments in the same manner.



However, it was felt that the increase in convenience for the user would outweigh the inadequacies;

otherwise the user could be inputting over 50 parameters for each matenial.

Table 3.1 Parameters required for different states of inputs or waste materials. and reasons for selection
of those parameters. R - regulated: H - health hazard: EN - environmental concern; T - required for
determining treatment, M - required for determining material for construction; RR - recoverable for

recycling (Woods, 1994a, 1994b; Amdur, Doull and Klaassen, 1991; Ontario regulations)

Gas Reason Liguid Reason

corrosivity R.H.EN.T.M pH R.H.EN.T.M

organic content R.EN.T organic content R, EN,T

volatiies R.H, EN.T.RR volatiles R, H.EN, T.RR

oil R.EN.T.RR oil R.H EN.T.RR

water T. RR water T.RR

heavy metals R.H EN.T.RR heavy metals R. H. EN. T. RR

particulates R.H.EN.T.RR particulates R.H.EN.T

particulate size H.T.RR particulate size T

CFC R.EN, T.RR dissolved solids R.H.EN.T

CO4 R.EN.T NO+ R.H.EN.T

S0, R.H.EN,.T.RR.E NH+ R.H.EN, T,RR

NO, R.EN.T sulphur R.H.EN. T.RR. M
1oxics R, H. EN.T

Sludge Reason Solid Reason

pH R.H,EN.T.M leachate pH R.HENT M

organic content R EN.T organic content EN, T

volatiles R H, EN,T.RR volatiles R. H.EN. T. RR

oil R, EN. T.RR oil R.H.EN, T. RR

water T.RR walter R, EN, T.RR

heavy metals . | R_H.EN, T.RR other metals R. RR

particulates R, H.EN, T.RR soluble solids H EN, T

dissolved solids H, EN, T. RR iron T. RR

NO- R.EN,T,RR toxics H.EN, T

NH- R.EN, T paper RR

sulphur R,H, EN T.RR. M cardboard RR

loxics R.H,EN,T plastic RR

ash T ash T




For processes which produce products, once all inputs, wastes and products of a process have
been entered, an approximate mass balance is calculated to determine if inputs and outputs balance using
the following equation:

ZMi=ZMp+ZMw (3.1)
where M; = input mass

M

p= product mass

M,, = waste mass.
The user is then provided with a breakdown of the number and quantity of inputs and outputs that have
been eatered (Figure 3.9). 'I_t mnust be recognized that this is only a simple mass balance and, when using
data estimated for a year, there can be major discrepancies in the balance. However, these discrepancies
serve to inform the user that more accurate information should be obtained or that there are inputs or

wastes that are not being included, which is particularly important in the case of fugitive emissions.

inputs, Products and Wastes

Plant Feniiizers of T&T i Stream  process [
Input Mass: 20,00 3
Total Waste Mass l 20.00§ Percent Waste | 1,00§
Unaccounted Loss L 0.00] Percent Unaccounted | 0.091

Figure 3.9 Form showing mass balance of the inputs, process products and wastes.



61

Once all the information has been entered for ane process another process is selected and the user
returns to Step 2; if all processes are complete for a plant, another set of plant information is entered (Step
1). When data for all the plants have been entered, the user is returned to the main menu or to the second

level where the inference engine is located.

3.3.1 Internal Verification of Data

The system itself applies certain constraints to verify the data being input into the system. As
mentioned for inputs and products, the average of components and parameters must lie between the
maximum and the minimum. The mass balance provides some verification of the component data by
indicating that the inputs, products and wastes do not balance. The user cannot input numbers for
parameters that are outside the range allowed for the specific parameter (e.g. for pH the number must lie

between 0 and 14). The user can review the data at any time and revise it.

3.3.2 Determining possible treatments

Level 2

Step 1

The user is first requested 1 select the plants to be evaluated.

Step 2

Standards are then selecteci Yy the user.

Step3

The system then begins 1o determine potentials for reuse, recycling and disposal and the treatments
required. A flow chart of this systera can be found in Appendix A4, together with the infercnce engine

program.
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Step 3a

First the major components of a waste are compared to those of a simple input; if one component matches
then the potential for recycling that waste as the input exists. This is discussed in detail in section 3.4.2
and 3.4.3.

Step 3b

The parameters for the waste are compared with those of the input and, if they match, then the waste can
be directly reused as the input and the system moves to Step 3f. If not, then treatments are required to
match the waste with the input parameters for recycling (Step 3c).

Step 3¢

A treatment which changes the unmatched parameters for a material is selected. The input limits of this
treatment are compared to the parameters of the waste; if they fit, the treatment is accepted and the
parameters of ‘the output from the treatment (treatment 1) are calculated.

Step 3d

The parameters of the treatment output are then compared to the input parameters to determire if the
parameters match.

Step 3¢

If not, another treatment (treatment 2) which changes the unmatched parameters of treatment 1 output and
will accept treatment 1 output is determined and the system cycles back to Step 3d (treatment 2 outputs are
compared with the input). Tite cycle continues until either a match to the input is found or 10 treatments
have been reached.

Step 3f

The resulting successful chain of waste—Treatment 1->Treatment 2—>Treatment 3—...—output is termed
a treatment train. Another starting treatment is then selected to determine another treatment train. Once
all treatment trains have been assessed, another simple input is selected; when all inputs have been

compared, the standards for disposal are then assessed in the same manner.
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3.4 The Inference Engine

Many KBDSS use IF...THEN rules to control the flow through the decision-making process.
These rules are effective when dealing with a small knowledge base or a sysiem where the parameters
considered at each branch are different. Such a system could potentially have been used for this program.
However, the developed system was designed to take specific information about a set number of
parameters and use that information to define which treatments could be appropriate. The parameters are
similar for a spectﬁc state of 2 material. Consequently, rather than a series of IF...THEN rules, tables were
used to store the knowledge base and the inference engine was designed to compare the ficlds in the
knowledge base with those in the database. The inference engine is depicted in a flow chart in Figure
3.10.

In generating treatment trains, it is possible that an optimization method could be used. Ellis,
Mcﬁmn and Farquhar (1985) used a stochastic optimization method for selection of their treatments.
However, they also noted that the results depended upon the order in which treatments were listed. Asa
result, if a large number of treatments and wastes were being considered, the results would not indicate the
most efficient treatment trains possible unless the treatments were serted in a preferential order. This may
be possible when costs are ir-luded or if a relative environmental impact can be incorporated. The least
preferred treatments (e.g. the most expensive treatments or those with the highest impact) would be placed
at the end of the list and be selected only afier other options have been evaluated.

Dynamic programming cannot be used to provide a solution since the selection of final options
incorporates the potential for co-treatment of wastes and this potential can only be determined if all
possible treatments are knowir. Integer programming may potentially be used, but it was considered to be
beyond the scope of this rescarch to incorporate an integer programming model into the system.
Moreover, the time, program cost and hardware requirements necessary for running an optimization
model for this type of problem may push the overall system beyond the financial capability of plants or

industrial estates in developing countries. Thus it was decided to use exhaustive searching to generate the
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Figure 3.10 A flow chart of the inference e



treatment options, use multiple sort mechanisms for defining final options and to propose a model for the

calculation of costs for the final options.

3.4.1 Initial Comparisons
The program first compares the major components and characteristics of the selected waste (Wn)
with previously assessed wastes. If the'y are the same, the treatment options for the assessed waste {Wa)
are copied into a temporary option table. The new waste name and its plant and mass are placed in the
correct field. Masses are then calculated for each treatment using a mass ratio from the assessed waste:
Mwp2 = Mwz2Mwa1) * Mwai (3.2)
where - Myypy = Mass of new waste for treatment 2
Myygp = Mass of assessed waste for treatment 2
Myya1= Mass of assessed waste for treatment 1
Mwpg1 = Mass of new waste for treatment 1.

A final output mass can thus be determined. This table is then added to the final option table.

3.4.2 Evaluation of Outputs for Reuse or Recjcling

The selectad waste is compared with each 'simple’ input. If the main components of the input are
found in the waste, then the parameters arc compared; otherwise another input is considered. If the wasic
parameters lic within the maximum and minimum of the input parameters, then the waste is considered to
be directly reuseable as the input. If not, then some treatment is necessary.

The selected waste is compared with cach 'simple’ input. If the main components of the input arc
found in the waste, then the parameters are compared; otherwise another input is compared, If the waste
parameters Iie within the maximum and minimum of the input parameters, then the waste is considered to

be directly reuseable as the input. If not, then some treatment is necessary.



 The needed treatments are defined by those parameters which did not match the input
parameters. Therefore, treatments which change those parameters and treat materials in the state of the

waste (i.c. gas, liquid, sludge or solid) are then selected and stored in a temporary table (Figure 3.11).

Waste Treatment 1 Treatment 2 Treatment 3 Qutput
Match to Input 1
waste treat(l)
treat(2}
freat(3)
treat(4)
treat(5)

Figure 3.11 First cycie of a treatment system with a maximum of 3 treatments per treatment train.

Once all the treatments are placed in the temporary table, the system moves to the first,
uncompleted train. The parameters of the output from that treatment are then calculated and compared
with the input parameters. If the parameters match then no further treatments are required. Otherwise,
treatments which change non-matching parameters are selected. If their input limits accept the output
from the first treatment then thcy are placed as treatment 2 in the temporary option tatle (Figure 3.12).
Again these are compared and the cycle is continued unti!:

a) no treatments are found to fit the parameters to be changed;
b) 10 treatments have been assessed or;
c) the treatment output matches the input parameters (Figure 3.13).

Once a treatmen: train has been completed, the system moves down a record in the temporary table and
follows this train to the end in the same manner (Figure 3.14). The cycles continue until al} treatment
trains have been found. An exhaustive search for treatment trains to treat the waste to the input has
been completed and another input can be considered.

To detenmine which output from a treatment is selected for recycling, the calculated outputs are

compared with the selected input. The output with parameters which match the input parameters most
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closely is then selected. The mass of the second output, which is then termed a 'secondary waste’, is then
added to other secondary waste masses for that train. The completed record would include the total mass

of secondary wastes produced by all treatments in that train.

Waste Treatment 1 Treatment 2 Treatment 3 OQutput
Match to Input 1
waste treat(l) treat(2)
treas(3)
treat(4)
treas(5)
treat(2)
treai(3)
treat(4)
treat(S)

Figure 3.12 Second cycle - no treatment trains have been completed yet.

Waste Treatment 1 Treatment 2 Treatment 3 Output
Match to Input 1
waste treat(1) treat(2) treat(3) yes
trear(4) no
treat(5) yes
treat(3)
treat(4)
treat(3)
reat(2)
treat(3)
treat(4)
trea(5)

Figure 3.13 Third cycle in a train which allows a maximum of 3 treatments - the bold outputs indicate

the completed treatment trains. Those which match the input are listed as "yes'.

As each treatment output is calculated, the output mass is also calculated and stored separately in
the table, as is the state of the output, When costs are included they would also be calculated and stored

at this point.
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Once all inputs hn\..ve been evaluated, selected standards are then evaluated. These standards
dictate the parameter limits that must be met w' release gaseous emissions, liquid effluents, to dispose of
material in a landfill or to apply material to land for land treatment. They can therefore be treated as
were the inputs in this system. At present the system does not include a mechanism to list all the

parameters which are restricted by each standard but that could readily be incorporated within future

developments.
Waste Treatment 1 Treatment 2 Treatment 3 Qutput
Match to Input 1
waste treat(1) treat(2) treat(3) yes
treat(4) no
treat(5) yes
treat(3} yes
trear(4) treat{2) yes
trear(3) yes
rreat(5) no
treat(3) treat(2) yes
treat(3) yes
treat(4) no
treat(2)
treat(3)
treat(4)
treat(5)

Figure 3.14 Ninth cycle of the treatment system. Those which match the input are listed as "yes'.

Upon evaluation of all standards, the total treatment train options for the specific waste have been
determined. If none have been found, the waste is placed in a no-treat table. The next waste is then
assessed.  Once all wastes have been evaluated, the final treatment train table should contain all possible

treatment trains for the wastes. These then have to be sorted according te ic criteria selected by the user.

3.4.3 Selection of Final Options
The user is given a choice of criteria for sorting the treatment trains. Cost will eventually be

included but at present the criteria are:
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a) a maximum train length equal to the shortest, sccond shortest or third shortest train for each waste;
b) a2 maximum mass of secondary wastes equal to the lowest, second Jowest or third lowest masses of
secondary wastes per tr;:aiment train for each waste; |

¢) the maximum number of matching treatments for all wastes.

The user can select more than one criterion, al_though the third criterion can only be selected as the final
one as it produces the final lists of treatment trains. The first option determines the shortest, second
shortest or third shortest (as ;elected by the user) treatment train for each waste and selects all trains that
length or shoﬁer for that waste (Figure 3.15). The second option sorts the trains for each waste according
to the total mass of secondary waste and selects all trains with secondary wastes equal to or lower than the

lowest, second lowest or third lowest {as determined by the user) sccondary waste (Figure 3. 16).

> 3,2,1 shortest train
needed? n=1,20r3

find all options
for each waste for waste
yes [ind shortest
[find next waste |<3 rain
ho
\/

remove all trains that
ength to separate table

Figure 3.15 Flow chart for selection of trains equal to or shorter than the shortest, second shortest or third

shortest treatment trains.

For matching treatments, trains which reuse wastes were automatically selected. Treatments were
matched by first examining all trains which recycle wastes. Those which had the greatest number of

matching last treatments and final ocutputs were then seiected; these were then selected for the maximum
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of matching second last treatments, then the matching third last treatments efc. until the trains had been
matched and sorted as in Figure 3.17. Once the treatments have been sorted, all of the trains for the

selected wastes are deleted from the main list and the remaining trains are then matched (F igure 3.18).

—_ 321 lowest secondary
waste needed? n=1,20r3

~ find all options

for each waste|
for each waste for waste

yes
no es find lowest
,——%'——‘v >L

[find next waste [< X <=1 | econdary waste

no
\/
remove to
separate table

Figure 3.16 Flow chart for sclection of treatment trains producing secondary waste masses equal to or

lowei than the lowest, second lowest or third lowest secondary wastes

Waste Treatment 1 Treatment 2 Treatment 3 Output
waste(1) treat(l ) — treat(2) treai(3) match to input 1
waste(2) —
waste(3) —— rrea:(4)
waste(4)
waste(5) —— treat(5) treat{4)
waste(6) —— treat(6)
waste(7) treat(2) treat(4) match to input 2
waste(8) treat(1)

Figure 3.17. Matching treatments for a 3 treatment train,
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Figure 3.18 Flow chart for matching treatment trains
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3.5 Treatments and Standards

The treatment and standard database contains information from the literature, experts,
manufacturers and other sources and is the main database used to determine the treatment options
available for treating a waste. Level 3 allows a user to change or input new data into this database. If a
specific treatment exists on site, this flexibility allows the user to input the known input limits and output
formulae for that treatment, thus ensuring a more accurate determination of acceptance of the material and
of the parameters of the output material.

The data are held in two main tables. The first table contains the minimum and maximum input
values for each treatment. The fields in this table include all the parameters for all states of a material.
The user first defines the input state that a treatment will treat, then inputs data through forms specific to
that input state (Figure 3.19). A field can be left blank - the program will fill it with 0 (a minimum) or
1000000 (a maximum) (except for pk, maximum = 14 and COD, maximum = 3000000). The data are
input in ppm (except for pH) and values less than 0 or greater than 1000000 are not allowed, except for

COD where the limit is 3006000 ppm.

Treatment : bmtic separation ||
Minimum Maximum Minimum Maximum
LeachatepH _  00C 1480 Paper/Cardboard 0.00) 1,000,000.00:
Solvents 0.00; 11,000,000.00 Plastics/Rubber 0,00} 1,000,000.00;
cob 0.00; 3,300,000.000 Organic Toxics 0.00! 1,000,000.00
oil 0.00: 1,000,000.00 Particulate Size:
s 308 1,800,000.00 fytarspty Maxirmm
Heavy metals 0.00¢ 1,090,000.00¢ w4 g
vy A b-trot Ay drbett] b{‘? rock {)30 mm) ﬁt
Othermetals 0.00: ..1:000,000.00) @ sand©5-20mm G
Iron 100.00; 1,000,000.00 5 dus001-0.5mm) )
— — T fnes (001-01mm)
Soluble solids 0.00 1,000,000.00; & smoke (<0001 mm)
Ash 0.00: 1,000,000.00

[YPTENTRTPN A hrier) POV boeheindh S fiberit

Figure 3.19 Form for obtaining input parameters for a treatment,
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The second table defines the outputs for a treatment and contains formulae for all parameters.
The user is first asked how many outputs a treatment has and what state those outputs are; the appropriate
form is then provided for the user to complete (Figure 3.20). The user inputs the formulae as a string
using defined codes for parameters - e.g. ‘particulates’ is coded as Part, ‘volatiles' is coded as Vol. The
user must recognize certain concerns - mass must include a conversion from ppm while the ppm of a
substance in a material will change as the mass changes so that all treatment parameters will require some
formulae. The output can be either a formula or a number. A subroutine is used to calculate the results of

the formulae string.

Output Formulae for  Treatment : baghouse filter | State : solid

Mass : ,98*Part*'mass/1000000

Leachate pH (LpH) pH | lron (99*Fe*mass)Mass2
Solvents (Sef) o ] Ash (99'Part'mass)Mass2 .
COD (2.2°Oi"mass)yMass2 | PlasticsiRubber o
(Plas)
Qil/Grease (Oil) (67*Oil*mass)Mass2 __| Paper/Cardboard i

Particulate Size (PS) 3 |

Crganic Toxics

(Tox) ¢

Soluble Solids (SS) ]

Other Metals (O\); | _.3"CM"mass)Mass2 |

Figure 3.20 Form for obtaining output formulae for treatments.

3.6 External Validation

Both the system and the data require some form of external validation. The system was first
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examined on a stepwise basis, examining the data and resulis at each step to easure that it was functioning ‘
correctly. Data from the case study (Chapter 5) were then used to further verify that the program
functioned accurately and represented the case study situation in a reasonable manner.

Selection of the parameters plays a critical role in the functioning of the system. Threz errors can
occur with regard to selection of the parameters:

a) a treatment is accepted although it will not actually treat a waste;

b) a treatment is not accepted although it will actually treat a waste;

¢) the output from a treatment is not properly calculated since a parameter datum is not available or the
treatment is less or more efficient than expected.

The more parameters available in the system, the less the chance that the system will cause these
three errors. In discussion with Woods (1994b) the other major parameter that could be included for gases
and liquids i§ temperature, necessary for some treatments (baghouse filtration) and for energy recovery.
Since few treatments would require this parameter and energy recovery has not been included in thls
sysiem, the temperature parameter was not included.

The trade-off with selection of more parameters is the cost requirement for the analysis and the
time required for data input by the user. It must also be recognized that most materials must be tested to
determine how effectively the treatment will treat them. Moreover, this program is designed to provide
treatment suggestions, not definitive solutions, to users. Consequently, the parameters selected were
considered tﬁ be an acceptable trade-off between data input requirements and potential errors in the

suggested solution sets.

3.7 System Applicability
The system was initially designed for plants located on industrial estates in developing countries
where there would be a requirement for knowledgeable advice, a limit to computer technology and

availubility, limits to disposal options and few environmental regulations. However, it is potentially usabie
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by planis in developed countries and can incorporate waste from municipalities, allowing the potential for
even greater cost savings.

The parameters should be able to incorporate most types of waste materials. However, it may be
necessary to change the parameters to accommodate different wastes. Further testing would be required to

determine how the wastes from different industries are handled by the developed system.

3.8 Limitations of the System
The system has a number of limitations and further development of the system could correct some

of these concerns. Other issues may relate to a deliberate limit placed on the system to simplify the

problem,

3.8.1 Number of Treatments

A limit of ten treatments was allowed in the treatment trains which may mean that some
materials may not be treated ».-1xin that limit. However, it was considered that most treatment trains
would require fewer than ten tr .iments and this Jevel was a reasonable upper boundary. With more than
10 treatments, the number of permutations would be extremely high and require additional computer time

to determine acceptable trains.

3.8.2 Cheinical Changes

When selecting the parameters, it was assumed that any change in major components would be
reflected in the parameters and vice versa. Therefore, if the material parameters met those of the input
and the main components of the waste match the input, then the final treated output should match the
desired input. The. system does not consider the complex ch=mical reactions that may occur, possibly
yielding a result that does not match the- desired input or producing some hazardous -products, To
include such a database within this system would require significantly more research. Moreover, the

program is a compromise between a very specific, large and complex expert system and a general system
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which allows the user to make decisions. In the former case, each different type of treatment could be
included. For example, instead of precipitation being classed as a treatment, it could be separated into the
different types of precipitation: ferrous, alumina, etc. The same could be done to determine possible
membrane treatments. Each treatment could easily require an expert system to determine if the material is
acceptable for that treatment and if the treatment will perform the function described by the system.
Consequently, it must be recognized that with this system, although the parameters may match, the
components of the resulting material may not match the components of the input.

In addition, the efficiency of the treatments may not be as high or as low as the output formulae
dictates. Very few materials will act exactly as those studied in research for a variety of reasons:

a) they are probably different than the studied material,

b) it is not uncommon for waste parameters to vary widely;

c) the opefator may not follow the same procedure in handling and treating the material;

¢) environmental conditions and equipment materials may differ;

¢) larger vessels may create different treatment conditions; and

f) supplementary materials may not be of the same quality (¢.g. distilled water vs untreated water}.

It is important that the user recognize that the suggested treatment trains must be tested to
determine the efficiency of the treatments and the quality of the results. Finetuning will be required to
ensure that a standard product can be produced for reuse or recycling. Industries must also recognize that
materials that are to be reused or recycled have to meet quality standards. Improving the quality of these
former waste materials may reduce the need for treatment.

Another factor that must be considered is that the parameters included in this system are only a
few of the parameters that characterize wastes. Although all of the parameters included in the system may
match, other parameters, important to a specific treatment or for recycling to 2 particular input, may not

lie within the treatment or input specification and the waste may require further treatment.



3.8.3 Costs
As previously mentioned, although there are mechanisms included in this system for
incorporating costs, insufficient data are currently a§ailab1e to readily incorporate costs. When costs are
included, those that must be considered include:
a) capital;
b) operating/maintenance;

c) transportation of final product.

3.8.4 Offsite By-product Resale
At present the system does not allow for entry of possible products for sale to industries outside
the specified industries. However, incorporating such entries would be relatively simple and could be

incorporated at present as inputs to a new ‘plant’.

3.9 Summary

A model was developed to determine the potentials for reuse and recycling of waste materials
and select the treatments needed to recycle waste or treat them for disposal. The knowledge based
decision support system was then developed, using this model. This chanter described the prototype
model, the developed knowledge-based decision support system, the input and storage of data within the
system and the inference engine developed for the system to determine the treatment options for the
wastes. Options for sorting and selecting treatment options or treatment trains were also described as
were the limitations and future developments needed for the system.

Chapter four outlines the treatment processes included in the database of the prototype KBDSS

and their input limitations and output characteristics.
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4.0 Knowledge Base - Treatment Inputs and Outputs

The knowledge base for the developed KBDSS includes input criteria and output formulae for a
number of treatments. Selection of these treatments depended in part on available information, the
treatments required for basic treatment of all material states and treatments required for treatment of the
case study wastes. The input criteria and output formulae for each treatment were determined, wherc
possible, from published literature and can be found in Appendix 1. This chapter provides a short
overview of each treatment and of the regulations that exist in Ontario and are incorporated into the

program. A copy of the regulations is included in Appendix 2.

4.1 Treatments

The ;pplicability of a treatment for a specific waste often depends upon the specific parameters of
the waste and on the results of bench testing. For many treatments. the factors governing the action of the
treatment on the material are specific to the treatment, and may include physical, chemical aud biological
characteristics of the material. The chemical characteristics of the material will affect the physical and
biological properties, thus influencing how the treatment affects the material. In addition, many process
byproducts cannot be completely characterized as they may contain unknown compounds, produced by
reactions with heat, cold, pressure and other materials (Boyle, 1992). Consequently, although parameters
such as those in Table 3.1 may be used to define suitable waste materials for a particular treatment, bench
testing is still often necessary to determine the effectiveness of the treatment.

Byproducts from a treatment are also not often defined, primarily due to past focusing upon
products and end-of-pipe technologies. Consequently, the parameters of all outpuls of a treatment are
often poorly defined in the literature. Moreover, the effect of onc treatment is often focused upon a

specific parameter or group of paramelers, the effect on other par»meters imay not have been considered.
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Bench testing is again necessary to clearly define the results from ureating a material with a specific
treatment. However, sufficient data were available to provide estimates of the output parameters for the
treatments included in this research. The selected treatments treat all of the parameters chosen for this
system and all of the material states. Treatments selected for this research are listed in Table 4.1. The

treatments will be discussed by input state.

Table 4.1 Treatments included in this research, indicating the type of inputs and outputs.

Treatment Input type Output 1 Output 2 Output 3
fixed hearth incineration solid solid gas
magnetic separation solid solid solid
anaerobic digestion studge sludge gas
belt filter sludge solid liquid
evaporation sludge solid gas
multiple hearth incineration studge solid gas
activated sludge liquid liquid

API cil separation liquid liquid liguid sludge
carbon adsorption liquid liquid

disk filter liquid liquid solid
dissolved air flotation liquid liquid sludge
ion exchange liquid liquid liquid
liquid injection incineration liquid gas

neutralization liquid liquid

reverse OSmosis liquid liquid liquid
precipitation liquid sludge liquid
sand filtration liquid solid liquid
screening liquid solid liquid
scttling liquid sludge liquid
solvent recy:iing liquid solid liquid
ultrafiltration liquid liquid liquid
baghouse filter gas solid gas
electrostatic precipitation gas solid gas
packed tower gas liquid gas
Venturi scrubber gas liquid gas

4.2 Treatments for Solids
A material is considered to be a solid if it contains less than 50% liquid (Woods, 19942). Solid

waste is a term often used to refer to municipal solid waste, aithough a significant proportion of the overall
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waste stream may be waste from industry (Glysson, 1990). Solid industrial wasies can include a variety of
'simple’ materials such as metals, paper, cardboard, plastics. agricultural wastes and chemicals. as well as
manufécmred items combining these materials. Simple materials may include byproducts of processes,
contaminated materials, out-of-date chemicals and spent catalysts. Manufactured materials may include
damaged or worn equipment, items replaced as part of maintenance, empty containers and items which no

longer perform to the required specifications. Solid wastes are often discarded in landfills.

4.2.1 Fixed Hearth Incineration

Incineration of solid wastes is only feasible for wastes which have a significant percent of
combustible material or for hazardous materials which require a high temperature to destroy hazardous
organic compounds such as PCBs. If the energy value of the material is sufficiently high, encrgy may be
recov‘ered from its use as a fuel. Efficiency of incineration is dependent upon the time, temperaturc and
turbulence in the furnace and even slagging rotary kilns may produce ash with high hydrocarbon content
{Stewart, 1990). Glysson (1990) estimates that incineration of hydrocarbons is usually >95% efficient
although ash which contains a significant portion of hydrocarbons may be reburned to improve efficicncy
(Librizzi and Lowery, 1990). Incineration produces a solid ash which contains heavy metals and a gas
which may include particulates. Metals may be volatilized at high temperature and, even at lower
temperatures, heavy metals may attach to particulates and be emitted. The mass and composition of
output gases has been only approximately estimated.

Fixed hearth incinerators are used for incineration of bulky or hazardous solid wastes (Librizzi
and Lowery, 1990). They produce low volumes of NOx and particulates since they typically use a reduced
atmosphere for combustion and an afterburner (Brunnér. 1991). Although substances containing a
substantial quantity of crganic compounds are the most economical feedstock for incineration, feedstocks
containing low levels of organic compounds are also incinerated to destroy loxic organics such as PCBs.
Most fixed hearth incinerators can achieve greater than 99.99% reductions in organics and 10xic organic

compounds under proper working conditions (Oppeit, 1991). Metals, however, are not destroyed, and can
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pose a significant problem, in both fly and bottom ash. Mercury, in particular, poses a concern since it is
volatilized readily and is not captured by pollution control devices. However, the use of mercury in
industry is being reduced due to concerns of worker health and safety and it will probably not be common
in industrial chemicals or wastes in the future. Residues of spectfic metals in bottom ash ranges from 0%
(mercury) to 58% (iron), with a mean of 36.5% (Brunner, 1993). The remainder is found in fiy ash,
which must be captured at the stack.

Plastics and rubber contain approximately 3 and 5% chlorine respectively which can pose a
problen: with acid gases and formation of dioxins and furans (Tillman, Rossi and Vick, 1989). Other
industrial wastes which contain high levels of chiorine will also produce acid gas concerns, requiring gas

scrubbing.

4.2.2 Magnetic Separation

Differences in magnetic propertics are exploited by this treatment, frequénﬂy used to separate
loosc iron-cortaining material from non-ferrous items. There are a number of designs for magnetic
scparators depending upen the particulate size of the feed and the percent of ferrous material in the feed
stream (Woods. 1994a). The outputs are ferrous and non-ferrous solids with over 95% recovery efficiency
(Glysson, 1990). The parameters that are affected by removal of the iron would be both iron and ash

content.

4.3 Treatments for Sludges

Although actually two mixed phases, sludges have been classed separately for the purposes of this
system as parameters for both the solid and liquid materials are important and many treatments which will
treat liquids will not treat sludges. Sludges contain from 50 to 0% liquid (Woods, 1994a) and can be the
output from a treaiment, from a process or from maintenance procedures. Treatments can be used to

separate the solids from the liquid for either further treatment or for recycling.



4.3.1 Anaerobic Digestion

Anaerobic digestion involv.s the digestion of organic sludge material by bacteria under anaerobic
conditions, producing methane gas, carbon dioxide and reducing digestible organics by 72 - 91% (Grady
and Lim. 1980). Since this treatment will treat high levels of BOD it has been used for treatment of
industrial, particularly food industry, wastes (Librizzi and Lowery, 1¥90). The process is subject to upsets.
Sulphur must be kept below 200 ppm and soluble metals can inhibit anacrobic activity at levels ranging
from 10716 - 10 ppm (Grady and Lim, 1980). although other sources indicate that levels up to 100 ppim
are acceptable (Stronach. Rudd and Lester. 1986). Maintaining a pH above 6.5 reduces metal solubility.
Since oil droplets will reduce the effectiveness of degradation. a limit for oil has been estimated at 100
ppm. Particle size was estimated to be less than Smm in order to improve digestion cfficiency. Solvent
levels of greater than 500 ppm will inhibit degradation (Strenach. Rudd and Lester, 1986). Dissolved
soIicis such as sodium (>4500 ppm), potassium (>4000 ppm), magnesium (>1200 ppm) or calcium (>2800
ppm) are also toxic (Librizzi and Lowery, 1990), so an estimated maximum level of 3000 ppm of dissolved
solids has been set. Sclids should be less than 50% to promote biodegradation (Librizzi and Lowery,
1990). The output gas is generally 65-79% methane, 23-30% carbon dioxide and trace amounts of

nitrogen and hydrogen (Metcalf and Eddy. 1979).

4.3.2 Belt Filter

A belt filter removes solids from a liquid or sludge, producing a filter cake and a liquid.  The
input is dependent solely upon particle size and feed concentration and the outputs are a liquid and a solid.
The efficiency of a belt filter ranges from 83 - 95% (Glysson, 1990} and the solid output has a liquid
content of 20-40% with oils being more effectively retained by the solids (Woods. 1994a). An assumption
is made that the degradable organics are found in both the suspended solids and the dissolved solids,
although this may not be correct in reality. The actual composition of the solids and the liquids would be
required to provide a more accurate definition of the treatment output. The heavy metal oulputs arc

dependent upon pH so that two inputs are constdered. lt must also be recognized that the presence of
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sulphides or hydroxides will also have an effect upon metal solubility. An assumption is made that, to
reduce outpuls and costs, liquid outputs will be used to wash the belts, then added to the input for re-
treatment.  Since this treatment is also effective for liquids with a solids content of less than 5%, it was

also included as a liquid treatment.

4.3.4 Evaporation

Evaporation or drying is used to redece liquid content in a sludge or liquid material, producing
either a sludge or a solid and gas When the liquid phase is water, evaporation ofien takes place in open
evaporation ponds, when the liquid phase contains solvents, evaporation should take place in closed
containers where the vapors can be contained, liquefied and recycied to reduce employee exposure and to
comply with fire safety and air emission guidelines. Evaporation is not highly effective when the liquids
are oils or other heavy hydrocarbons.

Evaporation is effective for feed materials with more than 20% solids, particle size >0.01mm
(Woods, 1994a) and a water or solvent content less than 80% (Corbitt, 1990). The resulting product can

be dried to 30% water {Corbiut, 1990).

4.3.5 Multiple Hearth Incineration

Sludge incineration is feasible if a significant proportion of the sludge is combustible. This
treatment reduces both the liquid content and the volume of the waste, producing solid ash and gases.
Multiple hearth furnaces are the most common incinerators used for combustion of sludges and these will
handle sludges that are 50 - 85% liquid (Brunner, 1991). These incinerators produce a higher level of
NOx and particulates than do fixed hearth incinerators, approximately 10-20% airborne panticulates.
Schroeder, Cresculo, Campbell and Cohen (1981} found that multiple hearth incinerators can destroy over
98% carbons. OQils and greases should be introduced at a lower hearth to ensure their complete
combustion (Brunner, 1991). Wastes with a level of chiorine higher than 30% should not be incinerated,

as acid emissions would be too difficult to control (Brunner, 1991).
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4.4 Treatments for Liquidas
Liquid materials contain over 90% liquid (Woods, 1994a) and are a common waste material from
industrial facilities. Liquids can include water, aqueous solutions, volatile non-aqueous solutions and oils.
Unless standards exist, aqueous liquids are often directly released into rivers or the ocean; solvents are
allowed to evaporate and oils are released into rivers or recovered for re-refining if the facilitics are
available and the cost is minimal.
Treatments used to treat liquids may involve separating particulates from the liquid. removing
‘-dissolvcd material from solution, separating oils, solvent and agueous soluticns, degrading organic

material or chemically or biologically changing a compound.

4.4.1 Activated sludge
| Conventional activated sludge is commonly used to treat municipal wastcwater 10 remove
BOD/COD by 85-95% (Metcalf and Eddy, 1979). It is also used to treat a range of organic industrial
wastewaters, such as those from food processing industries, although primarily low-strength wastes. In
this treatment, microorganisms are introduced into the waste stream and allowed to consume the soluble
organic material in the waste in an aeration tank. The resulting effluent has a solid content which is then
removed by settling, yielding an effluent and a liquid with a solids content of approximately 1%. A
portion of the liquid with sclids, at the rate of 25-50% of the influent flowrate, is returned to the acration
tank. Heavy metals can be inhibitory and must be kept below 100 ppm (Metcalf and Eddy, 1979). In
order to improve treatment efficiency and reduce solids production, influent solids should be kept below
1500 ppm and oil below 20 ppm (Metcalf and Eddy, 1979). Both ammonia and sulphur are inhibitory at
higher levels' and have to be kept to 400 and 200 ppm respectively (Metcalf and Eddy, 1979}, while
solvents and organic toxics should be less than 200 ppm (Dyer, Vernick and Feiler, 1981). pH must be
kept between ¢ and 8 for optimum performance.
According to Metcalf and Eddy (1979) activated sludge has no effect on ammonia but removes

about 10% nitrate. The effluent mass is based on an average 35% recycle while solid mass is based on a



retention time of 10 days. Typical values from Metcalf and Eddy (1979) are used to calculate sludge
production although it mast be recognized that, with industrial wastes, these values may not apply.
Approximately 2.5% of the cellular mass will be phosphorus, removed from the wastewater. Activated

sludge treatment will degrade an average of 60% of solvents or organic toxic compounds (Corbitt, 1990).

4.4.2 API Separation

This treatment involves the decanting of a liquid, usually a hydrocarbon, from an immiscible
liquid, usually an aqueous solution. The process is frequently used for recovery of oil from waste waters,
producing a wastewater with an oil content of 50 ppm or less (Jones, 1971). Solids (80%) and COD
(45%) are removed; solvents are reduced by 55% (Jones, 1971), some through stripping. Three outputs
result from this treatment - an oily fraction, an aqueous effluent and a sludge. Acid is frequently added to
break emulsions and improve ¢il removal (Librizzi and Lowery, 1990).

The sludge hus a solids content of 10% since the separator acts as a settler. The sludge will also
contain any heavy oils. Dissolved solids are not removed by this treaiment; nor are heavy metals,

especially if acids are added to break emulsions.

4.4.3 Carbon Adsorption

Also called activated carbon adsorption, this involves the adsorption of organics and other
molecules from aqueous liquids onto activated charcoal. Granular charcoal can be regencrated through
heating and the gases cither condensed and recycled or incinerated. Qil and grease must be below 10 ppm
and solids <50 ppm to prevent clogging of the carbon pores (Freeman, 1989), while dissolved solids
should be less than 500 ppm and total organic carbon should be below 10,000 ppm (Lyman, 1978). Both
BOD and TOC are 80% removed by carbon adsorption and, in a downflow system, suspended solids are
removed by 90% (Lyman, 1978). Toxics suclh as pesticides can also be removed by 97% (Snocyink, 1990).
Metals are removed by 90 - 99% depending upon the metal, pH and carbon (Metzer and Hughes, 1984;

Huang, 1978). Other dissolved solids may only be poorly adsorbed (Huang, 1978).
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4.4 4 Disk Filter

This precoat, continuous filter is effective for liquid wastes with between 50 and 5000 ppm
particles and removes 95% of the particles to a diameter of .002 mm (Pzrry and Green, 1934). Oil should
be below 50 ppm to prevent clogging. The filter cake which forms on the disks is readily removed and
contains zbout 30% liquid. Acidic and basic solutions must be considered scparately. since the

concentration of heavy metals in solution depends upon pH (Palmer, et al., 1988}.

4.4.5 Dissolved Air Fiotation

This treatrnent is used to re;move small drops of oil and fine particles, such as metals, from
liquids. The resulting wastewater should have an oil content of 1-20 ppm and about 95-99% solids are
removed (Corbitt, 1990). Two outputs are produced - a liquid with 2-10% solids content and a liquid
eﬂlﬁent. Some solvents are also lost through stripping and adhering to the particles.

Addition of a precipitate is necessary to remove metal ions. The treatment can achieve from 80 -
99.5% removal, depending upon the metal, pH and the precipitate used (Palmer et al., 1988). Influent
concentrations must be less than 100 ppm (Palmer et al., 1988). COD is reduced by 70-90% (Jones,

1971), and solvent removal has been estimated at 55%.

4.4.6 Jon Exchange
Ion exchange involves the exchange of ions in a liquid phase with ions embedded in a resin,
Once the resin is spent, it must be regenerated, either by an acid or a base, depending upon the type of
resin and, if properly handled, ions can be recovered for recycling. The feed concentration is usually
small, less than 2% (20,000 ppm) (Woods, 1994a) although Librizzi and Lowery (1990) suggest a range of
| 2500 - 4000 ppm to improve resin lifespan. Total dissolved solids removals are in the order of 90 - 99%
(Metcalf and Eddy, 1979), while COD removals arc between 30 and 60% (Straub, 1989), including toxic

organic compounds (Librizzi and Lowery, 1990). Ammonia removals range from 80 to 90% and
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phosphate removal is 60-90% (Straub, 1989). Weakly polar solvents such as phenols may aiso be removed
by resins, with a removal rate of over 97% and a recovery rate of over 0% (Gao and Su, 1988).

However, organic matter may be released into the effluent fraction. If microcrganisms are
growing on the resins, the effluent COD concentration may be higher than th2 influent (Herz and Prunac,
1988). Fines or decomposition products from the resin may also occur. Proper maintenance can prevent
these problems; for example, aqueous alcoholic caustic brine solutions may be used to remove organic
foulants from anion resins (Ball and Harries, 1988). In addition, selection of recins also has some bearing
upon the fouling and removal of organic foulants (Ball and Harries, 1988).

There are a number of different models of ion exchange equipment and most are designed for
specific wastewalers and processes (Librizzi and Lowery, 1990). Fixed bed countercurrent systems are the
most common. Since systems can be arranged to remove gither specific ions or a broad range of ions, it is
difficult to define a general effluent or regenerate composition (Palmer et al., 1988). Regenerate quantities
are usually less than 2% of the product quantities (Clifford, 1990) but, since they contain the deposited

ions, will require either disposal or reuse.

4.4.7 Liquid Incineration

Liquid incineration usually involves the spraying of the liquid into a combustion chamber where,
at high temperatures, liquids are thermally oxidized to a gas, with a combustion efficiency of 99.996 -
99.999% (Oppelt, 1991). Sulphur or metallic salt containing wastes will produce acid corrosion and must
be controlled. Metals can also adhere to particulates. Particulate emissions from liquid incinerators are

gencrally low, less than 100 mg/m3 (Oppelt, 1991).

4.4.8 Neutralization
Neutralization involves the addition of either a caustic or an acid to modify the pH to 6-8.

Depending upon the chemicals involved, a number of reactions may occur, such as precipitation or release
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of heat or gases. It is essential that the meutralizing agent be carefully selected. This treatment will
increase the dissolved solids in the liquid and produces only one liquid output.

Since the buSziing capacities of different avids and bases varies widely, it is difficult to define the
volume of caustic or acid required to reach a neutral pH. Moreover, the substance used for neutralization
may be gaseous, liquid or solid (Librizzi and Lowery, 1990). To simplify the process, sulphuric acid and
sodium hydroxide will be considered as the prime neutralization substances. Estimates of the acid
required for neutralizing basic waziewater can be made from the following formulae (Batstone, Smith and
Wilson, 1989):

acid (mg/L) = (pH - 7.0)2*20 “.1)
and for the base required for acidic wastewaters:

base (mg/L) = (7.0-pH)3 *20  (4.2).

This.does not mean that this is an accurate means of estimating the neutralization point; it merely provides
an estimation of the final volume and dissolved solids content, suitable for the purposes of this program.
Precipitation of metal ions from acidic solutions will occur as the pH rises to 7.0, icaving about 1 ppm in

solution (Palmer et al., 1988).

4.4.9 Reverse Osmosis

Removal of smaller ions from liquid solutions reguires reverse osmosis. This treatment is used to
produce drinking water from saline' water but requires a high energy input which reflects in its operating
cost. Particles, organics, Jarger molecules and oils should be removed to reduce fouling - these arc better
removed by precipitation, ultrafiltration or carbon adsorption. The efficiency of removal is approximately
97% for inorganic ions, 95-97% for dissolved organics, and 98% for biological and colloidal contaminants
(Clark, R., 1990). The cffluent concentration produced is usually between 10 and 15% of the influent
concentration for a range of parameters (Woods, 1994a), although it has been reported to be as high as

20% for metals (LaGrega, Buckingham and Evans, 1994).



4.4.10 Precipitation

Chemical precipitation involves the addition of a chemical precipitant to precipitate dissolved
solids which are then setiled by gravity sedimentation or removed by filtration. Flocculation involves the
addition of a flocculant to promote formation of larger particles which will settle, taking smaller particles
with them. Both are included in this treatment. The pH is generally changed to basic and the volume of
chemicals added may be as high as 33% of the waste input (Woods, 1994b). Some precipitants add salts
to the output and alkaline ckemicals must be added to promote precipitation of those salts (Corbitt, 1950).
With precipitation, the sludge volume is increased significantly due to the precipitant, flocculant or
coagulant added. The sludge usually has a 10% solids content and over 99% of the solids are removed
from the supernatant with a sand filter (Palmer et al., 1988), Approximately 99.99% of heavy metals are
removed by precipitation (Palmer et al., 1988) while 75-95% of phosphorus is removed (Metcalf and

Eddy, 1979). Ammonia and nitrate are not affected (Metcalf and Eddy, 1979)

4.4.11 Sand Filtration

Sand filtration involves passing effluent through sand to remove particulates down to a level of 10
- 30 mg/L, with an cfficiency between 95-99% (Corbitt, 1990). Once a significant head loss occurs
through clogging of the sand, removal and disposal of the top layer of sand ang sclids (moisture content ~
20%) is required. Qil and grease must also be removed to preveﬁt clogging of the sand and unacceptable
head loss. At 50 ppm, oil drops are 40 pm in diameter and will pass through the filter - larger oil droplets
will cause clogging (Corbitt, 1990). Sand filtration of acidic and basic solutions must be considered
scparately since the heavy metal concentration in solution would depend upon the pH (Palmer et al,,

1988).

4.4.12 Screening

Screening removes low levels of particles with diameters larger than .25 mm (Woods, 1994a)

with an efficiency of 90%, producing a solid (30% moisture content) and a liquid output. Since most
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metal precipitates would not be trapped by screens, acidity is not of concern. Oil or grease must be
removed prior to fine screen or the pores will be clogged (Corbitt, 1990). Effluent can be used 10 rinse the

screens, the output being then added to the input.

4.4.13 Sertling

Settling removes suspended particles that are heavier than water by allowing them to settie
through gravity. This process is also termed clarification and sedimertation. Settling produces a sludge,
with approximately 10% solids (Gregory and Zabel, 1958) and removes from 50 - 70% of the solids from
the influent (Metcalf and Eddy, 1979). When used with a flocculant, effluent solids can range from 10 -

50 ppm for influents from 1500 - 10,000 ppm, for an efficiency greater than 99% (Librizzi and Lowery,

1990).

4.4.14 Solvent recycling

Solvents are commonly used in many plant operations, including processing and maintenance
and include degreasers, paint thinners, metal preparation solvents and cleaners and paint and carbon
removers. These solvents can, in general, be easily reclaimed for reuse using simple distillation
equipment, with a recovery of 90% with little change in solvent characteristics (Tarrer et al., 1989) and a
product purity of over 99% (Woods, 1994a). The input concentration of the volatile solvent should be
from 20 - 80% (Woods, 1994a). This treatment produces two outputs - a liquid solvent and a sludge waste
which contains contaminant solids and liquids.

Chlorinated solvents contain inhibitors to prevent breakdown, acidity and reactions. Solvent
recycling by distillation removes these substances and, therefore, is not recomniended for these types of

solvents (Tarrer et al., 1989). These should be replaced with non-chiorinated solvents or mechanical

processes.
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4.4.15 Ultrafiitration

Using a micropore membrane, ultrafiltration removes very fine particulates and large molecules,
such as oils, from liquids. New membranes allow both very high and low pH effluents to be treated with
this technique. The membranes must be baciwashed and replaced when clogged. Grease must be
controlled to prevent plugging and high levels of larger particulates should be removed to extend
membrane lifespan. Ultrafiltration produces two liquid outputs, with removal efficiencies of 99% of
particulates and 95% of COD and a retentate concentration of 2-5% following recycling of the waste water
back through the system to improve the efficiency (Palmer, ¢t al., 1988). When heavy metals have been
precipitated in 2 basic solution, they are reduced by 99 - 99.9% (Paimer et al., 1988). Organic toxic

compounds arc removed by 95% (Woods, 1994a).

4.5 Treatments for Gases

Gases are a common fugitive waste from many plants, released from processes, maintenance
operations, heating and cooling systems and treatment systems. They include water and oil vapours,
solvents, particulates and gaseous compounds. Treatments for gases include removal of particulates,

condensing of liquid vapours and neutralization of acid gases.

4.5.1 Baghouse Filter

This emission treatment removes particulates by filtration through fabric bags with an efficiency
of greater than 99% (Brunner, 1991; lienya and Dennis, 1987). Particle diameters as small as 1 pm are
removed (Brunner, 1991; Librizzi and Lowery, 1990). Depending upon the fabric, the filters can
withstand a range of corrosive gases but hot gases must be cooled and removal efficiencies are affected by
condensation (Brunner, 1991). Baghouse filters do not remove acid or other gases although metals are
99% removed and long-chain hydrocarbons are removed by 67% (Brunner, 1991). These filters produce
two outputs - a cleaned gas output and a solid filtrate which is removed from the filter bags and requires

recycling or disposal.
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4.5.2 Electrostatic Precipitation

Electrostatic precipitation removes particulates through attraction by a static charge. It docs not
remove acid or other gases and is effective for relatively small particulates, down to 0.1 pm diameter
(Wpods, 1994a). Particles of 50 pm diameter are 100% collected; over 99% of 5 pm diameter particulates
are collected while 98% of particles of 1 pm diametcr are removed (Brunner, 1991). Metals are 90%
removed while long-chain hydrocarbons are 60% collected. Precipitators can wi.thstand high ternperatures

and are not affected by humidity, but the capital costs are high (Brunner, 1951).

4.5.3 Packed Tower

A packed bed scrubber removes acid gases and heavy metals from emissions. For most metals, it
has a remaval of approximately 80%; however, mercury is only reduced by approximately 2% (Brunner,
19911). Since mercury is being used much less due to its toxicity in the environment, a removal efficiency
of 80% will be used. Sulphur dioxide, ammonia, chlorine gascs and NOx are all removed with an
efficiency of 90-99% (Noyes Data Corp., 1972). The outputs are a clean gas and a liquid. Approximatcly

0.2 L of liquid are produced per kilogram of gas (Noyes Data Corp., 1972).

4.5.4 Venturi Scrubber

A Venturi scrubber removes particles and some gases from a gas stream. These scrubbers are
approximately 97% effective in removing 1 pm particles and 100% effective in removing 50 pm particles
(Brunner, 1991). This process is most effective for particles in the 0.5-5 pm range (Corbitt, 1990). Water
is added to the gases, which are also cooled. Gases such as NOx (25%), HCl (40%) and, to a limited
. extent, SO (0.1%) are removed, while 98% of oil is removed (Brunner, 1991). A clean gas output and a
liquid effluent are produced. The liquid effluent is recycled until the suspended solids reach a

copcentration of 25% (Noyes Data Corp., 1972).
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4.6 Repulation Standards

The program must also consider possibilities for releasing waste materials into the environment -
to the air, to water, 1o landfills and for land treatment. In general, the acceptability for releasing those
wastes depends upon the regulations or standards that are in place. At present, there are no standards for
releases 1o the environment in Trinidad. Although environmental impact statements must be completed
prior to licensing of new facilities, ministerial order can remove or postpone this requirement and there
are no standards for new plants to meet.

Environmental regulation and standards differ, in Canada, from province to province. They may
also be specific 10 a single industry. In order to simplify data input, Ontario standards were incorporated
into this knowledge base. However, standards from other provinces or countries could be added to the
database and selected for use by the program. The information included in this chapter section is an

overview of the standards. Actual regulations and standards are found in Appendix 2.

4.6.1 Air Emissions

Under the Ontario Ambient Air Quality Criteria Regulations (R.R.O. 1990, 337) and the General
Air Pollution Regulations (RR.O. 1990, 346), the limits for emissions are based upon either the |
concentration of emissions in a 0.5 hour average in p.glm3 or an average air contamination over 24 hours,
30 days or 1 year, in ppm, ppb, pg/m3, tons/mile? and even mg/100¢cc. In the case of fluoride, emissions
arc regulated differently, depending upon the scason. Consequently, it is difficult to determine how to
incorporate these standards into the database. However, by using the weight of dry air as an average mass
weight, the standards could be written as ppm and specific parameters incorporated into the program
database.

The Air Pollution Regulations include a specific listing of chemicals whose emissions are
restricted. This allows regulators to address chemicals of special concern which have been proven to have
a known toxicity or detriment to the environment. The developed system does not include all of these

chemicals within its parameters and the results should only be considered as suggestions for treatments to
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meet these standards. It is, therefore, important that the user understand the requirement for bench testing
treatments.

Using the listing of chemicals, the level of solvents allowed was based on the phenol level, 100 p
g/m3. No limit was set on oil fumes under the Ontario guidelines so the U.S. national standard of 160 u
glm3 (Godish, 1991) was used. Heavy metals ranged in levels from 2 pg/m3 for mercury and nickel to
100 ﬁglm3 for copper and zinc and a level of 5 pg/m3 was used. No levels for water vapour, carbon
dioxide or particle size were set.,

The Refrigerate Regulation (O.Reg. 189/94) specifics that chiorofluorocarbon compounds arc not
to be released to the atmosphere and that leaks must be repaired within 7 days. Conscquently, a limit of

zero ppm was set.

4.6.i Releases to Water Bodies

The Objectives for' the Control of Industrial Waste Discharges in Ontario (1988) sct the desirable
effluent discharge characteristics for industrics. A BOD concentration standard was determined to be 15
ppm; BOD was assumed to be 40% of the COD, so the COD standard was set at 37.5 ppm. The heavy
metal levels ranged from 1 ppm for chromium, copper, lead, nickel, tin and zinc to 0.001 ppm for
cadmium and mercury. When examining the wastes in the case study, none had cadmium or mercury so
the level for heavy metals was set at 1 ppm.

Sulphates, chlorides and dissolved solids were not assigned standards but the build-up of these
substances is to be minimized with the application o_f best available, practicable technology, according to
the objectives. There are no guidelines or definition of best available, practicable technology and, since
reverse osmosis can reduce dissolved solids to less than 1 ppm, this treatment may be considered as such
although the economical feasibility of this treatment could be questioned. Since most natural waters
contain dissolved solids, especially sulphides, sulphates and chlorides (Hamilton, Klaverkamp, Lockhart
and Wageman, 1987), setting a limit this low is certainly uneconomical and, in the case of ocean

discharge, unrealistic. In the U.S. the current maximum contaminant level for drinking water is proposed



to be 400 mg/L to protect infants and young children (Tate and Amold, 1990). Although the effluent
standards are not necessarily the same s drinking water standards, 400 mg/L of sulphate will be used for
this projecL

Dissolved solids can include a number of substances, including toxic heavy metals and sulphates
which mainly cause diarrhea at levels over 400 mg/L (Tate and Amold, 1990). Other substances, such as
sodium, are found at 2400 mg/L in a typical diet (Tate and Arnold, 1990). Consequently, no standard was
set for dissolved solids as the specific contaminant would provide limits.

Under the objectives, toxic substances were to be eliminated or destroyed and were set at a level of

0.001 ppm. Phenols or phenolic equivalents ( the parameter was defined as solvents) were set at a limit of

20 ppb.

4.6.3 Dcposiﬁon to a Landfill

The levels of heavy metals that can be landfilled in municipal landfills are limited to 100 ppm,
while PCBs are set to a limit of 50 ppm. However, according to the Guidelines for the Treatment and
Disposal of Liquid Industrial Wastes in Ontario (1978), a number of industrial wastes can be landfilled in
a secure landfill, including organic sludges and solids, inorganic sludges and solids, cyanide solids,
mercury and mercury salts and semi-metals and compounds. Plant or animzl-based organic sludges, inert,
inorganic sludges and solids and oil/water sludges can be landfilled in municipal landfills, with the
approval of the Ministry of the Environment and the Iandfill owner. Sludges are defined as a mixture of
liquids and solids which will flow under normal conditions, as opposed to solids which will not flow.

From those definitions, for a municipal landfill, the pH was considered acceptabie within the
range of 2 - 12.5 (Corbitt, 1990). Water content was limited to 85% while oil content was limited to 90%.

Solvent content was set at 1000 ppm to prevent concerns with volatile emissions or possible combustion.
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4.6.4 Land Treatment

The application of industrial substances to land for remediation is both disposal and treatment.
According to the Guidelines for the Treatment and Disposal of Liquid Industrial Wastes in Ontario
(1978), organic sludge and solids, inert, inorganic sludges and solids and oil/water liquids and sludges can
be land treated. Care must be taken to ensure that application levels and toxic substances are sufficiently

low to prevent damage to the bacteria and other micro-organisms.

With land treatment, both biological and chemical degradation occurs through interactions with
soil particles and microorganisms. Soil bacteria break down organic compounds, nitrification and
denitrification occur and the soil matrix removes solids and pathogenic organisms (Corbitt, 1990). Some
organic and inorganic substances such as metals, may adsorb to clay materials, particularly in soils
contéining organic materials (Huilbregtse and Kastman, 1981).

Substances that must be limited for land treatment include:

a) nitrate - nitrogen;

b) cadmium in food chain crops;

¢) synthetic organic compounds;

d} salts that inhibit seed germination; and

¢) metals that may be phytotoxic to crops (Batstone, Smith and Wilson, 1989).
By assuming an application rate of 1% and considering the parameter levels deemed acceptable for
agricultural purposes under the Ontario Decommissioning Guidelines (1990) and the Guidclines for
Sewage Sludge Utilization on Agricultural Lands (1986), some indication can be made as to the acceplable
levels for land treatment. The pH was set at 5.5-9.5. Since oil and grease will degrade and land treatment
has been used extensively for degradation of oily wastes (Boyle, 1992), no level for oil was set.

Heavy metal levels zange from 1 ppm for mercury to 1000 ppm for total chromium. However,
recognizing the public concerns with heavy metals and the potential for accumulation, a level of 10 ppm in

the waste was used. Although iron is a required nutrient, it serves no purpose to add it to soil in large



93

quantities and large particle sizes in metallic form so it was restricted to less than 50,000 ppm for sludge
or solid applications. Nitrogen was limited to 0.5% in soil in the Guidelines but, to reduce concerns about
nitrate contamination of groundwater, was limited to 10,000 ppm, which is consistent with sewage sludge,
according to the Sewage Sludge Utilization Guidelines. By limiting dissolved solids or soluble solids to
1,000 ppm, the possibility of damage to soil by sodium or other ions is reduced. Solvents will volatilize,
which can exceed air emission guidelines if too high, and were therefore limited to 100 ppm. Plastic and
rubber will not degrade readily but are not phytotoxic so they have been limited to 1,000 ppm; paper and
cardboard will biodegrade if mulched into small pieces and were not limited. It must be recognized that,

by reducing the rate of application, the level of toxicity can be reduced.

4.7 Summary

A total of 25 treatments have been included in the knowledge, two for solid wastes, four for
sludge wastes, 15 for liquid wastes and four for gas wastes. An atternpt was made to ensure that a broad
range of parameters was covered, particularly for the wastes in the case study. Ontario regulation
standards were also included for air and water disposal, disposal to a landfill and land treatment.

Once all the treatment input limits and output formulae and regulation standards were
incorporated into the KBDSS as the knowledge base, the case study data were analyzed and incorporated
into the data base. Chapter five outlines the case study, the industries used for this system, their inputs

and products and the wastes they produce and the results generated by the KBDSS..



5.0_Case Studv Application: Point Lisas Industrial Estate. Trinidad

The Caribbean includes a number of small countries in varying degrees of development. These
countries have been the focus of a number of attempts to dispose of industrial waste from developed
countries (Suite, 1991; White, 1991) and are currently enacting legislation to prevent air and water
poll;xtion and the dumping of industrial wastes (CEHI et al,, 1989). The Caribbean Environmental Health
Institute (CEHI) is promoting sustainable warte management and has funded a study into characierization
of industrial wastewaters (Singh, 1992). CEHI proposed that an industrial estate in Trinidad be studied
for this research as it is heavily industrialized, particularly along the east-west corridor from Port of Spain
and along the Guif of Paria. The industrial estate at Point Lisas was selected as the case study as it had a
variety of both heavy and light industrial plants of varying ages.

This chapter will include the following:

a) a brief description of the istand of Trinidad,

b) environmental! legislation in Trinidad.

¢) a description of the Point Lisas Industrial Estate;

d) a discussion of the selected industrial planis, their management. operation and the plant sites:
¢) an outline of the plants' inputs, products and wastes; and

f) results of the KBDS system using these data.

5.1 Overview of Trinidad
The following information was taken from Toppin-Allahar (1992) unless otherwise referenced.
Trinidad is an island of 4,828 km2, with a population of 1.2 million (1990 census), located 13 km
east of Venezuela, on the continental shelf of South America. On the east lies the Atlantic Ocean while
the Caribbean Sea is to the north and the Gulf of Paria is located to the west between Trinidad and the

mainland (Figure 5.1). Rainfall occurs mainly in the summer monsoon season, with a total average of

99
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Figure 5.1 The island of Trinidad, located east off the coast of Venezuela. Point Lisas Industrial Estate

lies on the west coast haifway down the island,



101

2200 mm and as high as 3050 mm in the northern mountains. The average temperature in January is
25°C while it is 27.2°C in May and the humidity ranges from 50% in the dry winter season to 100% in
the wet summer. There is considerable variation in wind direction.

The majority of the i)opulaﬁon lives in Port of Spain, with the east-west corridor to Arima and th>
west coast being the most highly populated and the most heavily industrialized. Agriculture is the prime
activity elsewhere, with 34% of the island being under cultivation (Environment Division, 1992).

Among its natural resources, Trinidad has both petroleum and natural gas, and plans to construct
a liquid natural gas facility are underway. Trinidad is also home to a number of heavy industries as well
as light manufacturing. The cost of capital equipment is estimated to be 2 times the cost in the U.S., due
to shipping, exchange rates, shipping duties and taxes (Moore, 1992).

Until the decline in oil prices, Trinidad's petroleum and natural gas provided it with a booming
econ;:my and a high standard of living (Environment Division, 1992). However the economy has suffcred
severely during the recent recession and unemployment is high, particularly in the south. Consequently,
environmental conditions have suffered under the concern to industrialize and improve the cconomy.

The major environmental management issues are considered to be land use, pollution, solid waste
management and environmental standards (Environment Division, 1992). There are, at present, no
emission or effluent standards set (Moudeen, 1992), nor is there any legislation to control hazardous waste
(Goddard, 1992). Consequently, all the rivers in Trinidad are polluted, with industrial effluent being
discharged upstream of drinking water treatment plants (Ford, 1992). The west coast of Trinidad has a
higher level of pollution from petroleum hydrocarbons than other areas of the world with similar oil-
related activities and the oil seepage flow rate into the ocean has been reported to be 100 bbl/day per 1000
sq. miles (Environment Division, 1992). The effect of hydrocarbon contamination from nearby refineries
are visible for several kilometres off shore (Siung-Chang, 1992). Methyl mercury contamination is also a
concern in fish caught in the gulf (Miller, 1992).

A government-owned company. the Solid Waste Management Company (SWMCQ), operates as a

private company and manages the country's landfills in addition to consulting and collection services.
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Recycling of glass, rags and ferrous and non-ferrous metals is already occurring in Trinidad, paper and
cardboard are baled and shipped to Venezuela for recycling and SWMCO is planning to install equipment
to shred plastic for recycling in the near future (Goddard, 1992). However, as in many countries, industry
has not seriously considered their potential for waste reduction, recycling or reuse. -

A small landfill was being operated as a hazardous waste léndﬁll, but SWMCO is discouraging
its use (Goddard, 1992). The island's cement producer refuses to accept such wastes until legislation is
passed that makes it clear which wastes would be acceptable for burning as fuel, There are no other
disposal facilities for hazardous waste on the island, and some companies ship such wastes to England for
dispﬁsal (Goddard, 1992). However, many such wastes are discarded with general solid waste, including
clinical wastes. Hospital wastes are burned at each hospital (Lemaitre, 1992).

For new industries, Town and Country Planning, the main licensing body, is requiring
environmemai impact statements, including some outline of the methods planned to manage any wastes.
However, the legality of such a request is presently being questioned and legislation to cover requirements
for an EIS has been drafted {Charles, 1992).

Toppin-Allahar's report on environmental legislation (1992) indicates that Trinidad has little
legislation designed to protect its environmental and human health and what little does exist is rarely
enforced. At present, the environment comes under the mandate of the Ministry of Planning and
Development and consists of three planners and a secretary. An Environmental Management Agency is to
be initiated, and a task force is presently involved in determining its structure and function (Salvador-
Arthur, 1993). In addition, standards are to be set for emissions and effluents, and mechanisms to enforce

regulations are to be instituted.

3.2 The Point Lisas Industrial Port Development
The Point Lisas Industrial Pert Development (PLIPD) is located on the west coast of Trinidad,

near the town of Couva. Prior to 1956, the area was primarily under sugar cane cultivation and the
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Brechin Castle Sugar Factory was the only industry in the area. In 1956, a fertilizer plant was established
at Point Lisas and, in the 1960s, a large industrial estate with port facilities was proposed for the area
(PLIPDECO, 1982). The Point Lisas Industrial Port Development Company Ltd. was established in 1968
and included 790 hectares. By 1993, over 23 companies, ranging from breakfast ccreal manufacturers to
steel billet and wire rod production had been constructed. In 1991, a gas processing plant began operating
and in 1993, an oil blending plant went into operation and construction of a new methanol plant was
initiated. Other developments are being planned for the area (Blaize. 1993).

As part of the initial development, PLIPDECO established an environmental project which was to
acquire baseline data and initiate an on-going maintenance program (McShine and Siung-Chang, 1983).
However, no environmental standards were set for the industries on the cstate and the major limitation
that exists for plant operations relates to complaints from affected plants and the surrounding communities
wher; air or water quality deteriorate (Blaize, 1993). There have been no restrictions on disposal of wastes
and spills of materials have rgsulted in a number of fish kills off the coast of Point Lisas (Heileman and
Siung-Chang, 1990). Air quality in the surrounding area is poor and both scil and groundwater arc
contaminated (Farabi, 1992). Reports from one of the plants indicates that toxic chemicals were buried on
the plant property in the 1970s and '80s (PLIPDECO, 1981). The estate managers indicated that they
were interested in a study to examine the waste preduction from piants at Point Lisas and requested that

plants on the site participate in this project.

5.3 Case Study Methodology

A list of plants and plant mangers was obtained from PLIPDECO. Plant managers werc
contacted and the project was discussed with them. O;tce agreement for their participation had been
reached, a site visit was arranged. The site visit involved a tour of the facilities and an interview with the
appropriate manager to obtain the following information:
}. adetailed description of the plant process;

2. alist of the process inputs and other inputs, the input masses and input components,
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3. a list of the process products, product masses and product components;

4, a list of the process wastes and other plant wastes, waste masses, waste components, waste analyses (if
available) and treatment and disposal methods;

5. a description of any on-site waste treatment facilities and their capacities;

6. a description of sampling and analytical proéedures, if available; and

7. a description of plant maintenance and management procedures.

Once the information had been obtained, it was compiled and, if any data were missing, a further request

for the information was made, The data were then analyzed and entered into the computer and a mass

balance calculation was done to determine if the data were reasonable.

5.4 Survey Results

A lot.al of 19 plants were visited, out of 24 plants. and some data were obtained for the remaining
five plants. Due to the quantity of data, it was decided to use only four of the nineteen plants for the initial
analysis and testing of the decision support system prototype. The four plants were selected as they were
all fairly large, represented a range of industry types and environmental programs and were able to
provide some analyses of their wastes. The selected plants included a recently constructed gas processing
plant, a 10 year old methanol plant, a 12 year old fertilizer and urea plant and a 14 year old steel
producing plant. Plant descriptions and a discussion of the inputs, products and wastes are discussed

below. Input, product and waste composition data from each plant can be found in Appendix 3.

The data provided usually gave waste volumes or masses over varying periods of time, ranging
from per day to every 10 years. To provide a better mechanism for accounting for this range of time

frames, all wastes were averaged to the quantity generated over one year.
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5.4.1. Phoenix Park Gas Processors Limited

Built in 1990-1991, operation was initiated in October, 1991 with a plant designed to process 650
million cubic feet per day of natural gas, remove 98% of propanc and heavier components and employ 67
people. A joint venture by National Gas Co., Trinidad and Tobago. (49%), Conoco Inc.. Texas (41%) and
Pan West Engineers and Constructors, Texas (10%), the plant is designed to produce 6150 barrels per day
(b/d) of propane, 3700 b/d of butane and 3630 b/d of natural gasoline.
Site Description

The site was clean and well maintained. A few sample valves showed signs of lcakage or release
of material onto the ground; in some cases this was a result of poor design. The presence of frec oil and
black staining under the oily water sump tap indicated the release of oily water onto the ground.

Process Inputs, Products and Wastes

Tables 5.1, 5.2 and 5.3 list the inputs to and products and wastes from various processcs al
Phoenix Park Gas Processors Limited (Phoenix Park). There is only one input to the refining process, but
the maintenance process has nine inputs and there is one input each to the heating and sanitary processes.

for a total of 12 inputs. The gas processing plant produces six products, with 330 kg/year going 1o the

flare.
Waste Materials
The refining process yields two wastes. However, the maintenance process produces eighl wastes,
the storage and heating processes yield one waste each and the sanitary wasle process produces twa, for a
total of 14 different wastes from this plant with a mass of 55.175 tonnes of waste per year (Table 5.4).
Siudge and most solid wastes are landfilled while aqueous liquid wastes (14.0%) are discarded
into the drains which flow into the ocean. Emissions arise from the combustion of flare and fuel gases and
constitute the majority (84.5%) of the wastes. Oily wastes are collected by the Trinidad and Tobage Oil
Company (TRINTOC) to be re-refined, (although the manager was nol certain that the oil was actually

recycled) while steel barrels are crushed and recycled by ISPAT, unless they are used by employees.



Table 5.1 Inputs to various processes at Phoenix Park.

Process Input Mass/year  Input type
tyr

NG refining process raw natural gas 1497016000 gas
equipment maintenance methanol 190 liquid
equipment maintenance canister filters 12 filters solid
equipment maintenance dust filter 324 filters solid
cquipment maintenance paper filters 128 filters solid
cquipment maintenance compressor oil 38 liquid
equipment maintenance expander lube oil 0.2 Tiquid
equipment maintenance oil 0.4 liguid
equipment maintenance molecular sieve 17 solid
plant maintenance washwater 18 liquid
heating heating water 113 liquid
sanitary sanitary water 5800 liquid

Table 5.2 Products from the refining process at Phoenix Park.

Product Mass, t/year
butane 87700
natural gas 3742900
natural gasoline 104400
propane 122900

Waste Compaosition

The emissions from the plant refining process are 55.4% carbon dioxide and 44.5% water,
resulting from the combustion of natural gas. A small amount of nitrogen dioxide is also present. A
compressor presently produces oil fumes but attempts to control the emissions are being made.

The water that is produced by the manufacturing process contains low levels of oil, COD and
solvents. The plant washings and sanitary water also contain COD, oil, solvent and dissolved solids, the
heating water contains primarily fine particles and the slop oil contains some water. Filters and sewage

studge are landfilled as is molecular sieve, once it cannot be regenerated (approximately a 2 year lifespan).



Table 5.3 Wastes from various processes at Phoenix Park,

disposal method.

Process

NG refining process
NG refining process
equipment maintenance
equipment maintenance
equipment maintenance
equipment maintenance
equipment maintenance
equipment maintenance
equipment maintenance
plant maintenance
storage

heating

sanitary

sanitary
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Waste

water

carbon dioxide/water
slop oil

canister filters (2 kg/filter)*
dust filters (1 kg/filter)*
paper filters (1 kg/filter)*
compressor oil
expand/comp oil
molecular sieve

plant washings

steel barrels (18kg/drum)
gas heating water
sanitary water

sewage sludge

*Filter weights were estimated,

Table 5.4 Quantities of waste materials from Phoenix Park and their means of disposal.

Waste Type Mass (T/year) Percent
of Waste
gas 46,600 845
liquid 27,525 14.0
liquid 230 1.5
sludge 7 =0
solid 17 =0
solid 04 =0
Total Mass 55,174 100.0

Mass,
(t/vear)
20,507
46,600
830
0.02

- 0.3
0.1

0.2
17
18

04

1100
5900

Disposal

air
to drains

off-site recycling
off-site landfil)
off-site landfill
off-site recycling

5.4.2 Trinidad and Tobago Methanol Gas Company Limited

Waste
Type
liquid
pas
liquid
solid
solid
sotid
gas
liquid
solid
liquid
solid
liquid
liquid
sjudge

the mass and type produced and the current

Disposal
Method
drain
air
recycled
landfill
landfill
Landfill
air
recycled
landfill
drain
recycled
drain
drain
landfill

The plant was designed and built in 1984 by Toyo Engincering Corporation, Japan and de-

bottlenecked in 1990. This facility uses natural gas and CO 1o produce methanol to 2 purity of >99.9%

and also produces nitrogen for blanketing storage tanks and purging lines.

The plant employs 250
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workers and produces 1380 thousand tonnes (kt) of methanol per day when CO5 is available; otherwise,
oniy 1100 kt of methanol a;e produced.
Site Description

The site was relatively clean, with some old equipment lying around; however. the age of the
plant clearly showed in the amount of rusted equipmeat. Water was leaking from a number of sources but,
in general, the plant was well maintained. There was no formal il recovery mechanism and effluent
anzlyses indicated less than 5 ppm in the wastewater. All large storage tanks were bermed. The
warehouse arca was clean and well maintained; old equipment had been stored in a yard waiting for
disposal,

Process Input, Products and Wastes

Not al! of the information requested was available. There was little information provided on oil
disposal, saniiary and plant washing water, sewage sludge and emission quantities and characteristics and
characteristics of the short-chain hydrocarbon wastes. Tables 5.5, 5.6 and 3.7 list the inputs to and
products and wastes from various processes at the Trinidad and Tobago Methanol Plant (TT Methanoel
Plant).

The manufacturing process requires three inputs while cooling requires nine and equipment
maintenance has 12 inputs. Plant and building maintenance would also require some inputs such as water
but no information was available on these materials. The cooling process includes the water cooling
system as well as the cryogenic cooling system for the nitrogen process. Only methanol is produced by this
plant.

Waste Materials

The manufacturing process yields one waste, the heating and cooling processes, two wastes each,
and the maintenance process, eleven wastes, for a total of 16 wastes. Of these wastes, 98.6% are liquid and
are released into the occan, The majority of the waste is a product of the methanol production process and

has 40 ppm methanol. The gas wastes are a result of fuel combustion (carbon dioxide/water) and fugitive



emissions of freon from the cryogenic system. Used oil, which is primarily contaminated with dirt and
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metals and has lost some of the volatile components, is burned on-site.

Table 5.5 Inputs to various processes at the TT Methanol Plant

Process

methanol preduction
methanol production
methanol production
cooling

cooling

cooling

cooling

cooling

cooling

cooling

cooling

cooling
cooling/cryogenic
heating

heating

heating

equipment maintenance
equipment maintenance
equipment maintenance
ejquipment maintenance
equipment maintenance
equipment maintenance
equipment maintenance
equipment maintenance
equipment maintenance
equipment maintenance
equipment maintenance
gquipment maintenance
plant maintenance

Input

carbon dioxide
natural gas

water

biocide

biocide2

calcium hypochlorite
dispersant
phosphate

. sulphuric acid

trichlorostriazinetrione
hydrazine

water

freon

boiler water
phosphate
Ferrosperse

nickel catalyst

zinc oxide

copper catalyst
nickel/molybdenum
molecular sieve
lubrication oil

oil filter cartridge
anion resin

cation resin

sodium hydroxide
sulphuric acid
solvent

water

Table 5.6 Products from the TT Methanol Plant

Product

methanol

Mass, t/year

402600

Mass, t/year
960

213800
1138800

2

-

3

1
17
16

7
2

0.2
52600
0.3
120
0.9

1

3

0.9
60

1

0.3
0.4
100 filters
3

4

130
135

5
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Input type
gas
gas

liquid
liquid
liquid
solid
liquid
liquid
liquid
liquid
liquid
liquid
gas
liquid
solid
liquid
solid
solid
solid
solid
solid
liquid
solid
solid
solid
solid
liquid
liquid
liquid
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Table 5.7 Wastes from processes at the TT Methanol Plant.

Process Waste Mass, Waste  Disposal

t/year Type  Method
methanol production water 1191400  liquid  drains
cooling cooling water 52600 liquid  drains
heating carbon dioxide/water 18000 gas air
heating boiler blowdown 33 liquid drains
cooling/cryogenic freon ' 0.3 gas air
cquipment maintenance solvent 5 liquid drains
equipment maintenance nickel catalyst 3. solid landfill
equipment maintenance zinc oxide 0.8 solid landfili
equipment maintenance copper catalyst 60  solid  off-site recycled
equipment maintenance nickel/molybdenum 1 solid  off-site recycled
equipment maintenance molecular sicve 03 solid landfill
equipment maintenance {ubrication oil 0.4  liquid on-site burning
equipment maintenance oil filters (2kg/filter)* 0.2 solid landfill
equipment maintenance regeneration water 2600  liquid  drains
equipment maintenance spent anion resin 3 solid  landfill
cquipment maintenance spent cation resin 4 solid landfill

*weight was estimated

Table 5.8 Mass of wastes per disposal option at the TT Methanol Plant.

Waste Type Mass (t/year) Percent Disposal

of Waste Method
gas 18000 1.4 to air
liquid 1246500 98.6 to drains
liquid 0.4 =0 on-gite burning
solid 12 =0 off-site landfill
solid 61 =0 off-site recycling
Total Mass 1264600 100.0

5.4.3 Fertilizers of Trinidad and Tobago (Fertrin) / Trinidad and Tobago Urea Company Lid.

The first plant contains two ammeonia processes, one commissioned October, 1981 and the second
in August, 1982. The plant utilizes natural gas to form ammonia and carbon dioxide and has 375
employees with 25 on contract. It was run in conjunction but separately from the Trinidad and Tobago
Urca Company and some facilities were jointly used. The urea plant. commissioned in Dec. 1983, utilizes

ammonia and carbon dioxide from the nearby ammonia plant to produce urea. Basic production is 1620
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t/day and the plant employs 55 peéple. Both plants were purchased by Arcadian, a U.S. company, in June,
1993, and will be operated as a single plant in the future. Consequently, inputs and outputs from both
facilities will be reported here as for one plant (Fertrin).
Site Description

The site was relatively clear of debris, although the drains showed signs of oil spills and there
were spills of unknown material in and alongside drains. Waslewater from the oil sump, which was
jointly shared by Fertrin and the urea company, smeiled strongly of ammonia and a layer of oil was
apparent on the liquid surface. The equipment disposal yard was heavily overgrown and has not been
maintaired. Open troughs of white spirit were used for parts washing. However, an actual site inspection
of the ammonia plant was not provided, despite requests, so no determination could be made of possible
leaking pipes or equipment,

- The site of the urea plant was clear of old equipment but old barrels had been left on site, there
were urea spills on the ground, ammonia leaks appeared to be common (from personal expericnce,
employees' and other companies' comments} and ammonia carbamate had seriously corroded piping. The
urea pelletizing tower was very dusty, to the point of being a health hazard to workers, and safety
precautions were lax. The urea storage area was also very dusty and the urea pellets underfoot posed a

" hazard to workers. There was no mechanism for determining the actual volume of urea produced; it was

estimated, using the volume of ammonia purchased and a periodic test run.

On land behind the plant, the vegetation had been severely degraded. Much of the drainage led
into a lagoon on ISPAT land which was not tested and the lagoon emptied into the bay.
Process Input, Products and Wastes

Tables 5.9, 5.10 and 5.11 list the inputs to and products and wastes from various processes at the
ammonia and urea plants. The ammonia production process requires three inputs and produces two
products and no waste materials. The urea production process uses three inputs and produces onc preduct

and two waste materials. Twenty-three inputs are needed for equipment maintenance, plant maintenance
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requires one, the ammonia heating and salt water system need three inputs while the fresh water ammon:a

cooling system needs two inputs. The urea cooling and heating systems require one input each.

Table 5.9 Inputs to the processes at the Fertrin plant.

Process Inputs Mass, t/yvear Input Type
ammonia production air 1465400 gas
ammonia production natural gas 379800 gas
ammonia production water 1106220 liquid
urea production ammonia 163670 liquid
urea production carbon dioxide 211680 gas
equipment maintenance antimony polassium tartrate 0.03 tiquid
equipment maintenance monoethanolamine 110 liquid
equipment maintenance sodium metavanadate 0.5 solid
equipment maintenance tartaric acid 0.3 liquid
equipment maintenance triethylene glycol 0.2 sludge
cquipment maintenance solvent 0.7 liquid
equipment maintenance anion resin 0.2 solid
equipment maintenance cation resin 0.2 solid
equipment maintenance activated carbon 0.4 solid
equipment maintenance canister filters 24 filters solid
equipment maintenance molecular sieve 0.4 solid
cquipment maintenance sulphuric acid 1135200 liquid
equipment maintenance sodium hydroxide 1464000 solid
equipment maintenance lube il 8 liquid
cquipment maintenance reformer tubes 20 solid
equipment maintenance cobalt/molybdenum 4 solid
equipment maintenance zinc oxide 6 solid
cquipment maintenance nickel oxide 20 solid
cquipment maintenance nickel chromium 8 solid
equipment maintenance zinc/copper 40 solid
equipment maintenance iron/chromium 20, solid
equipment maintenance nickel 3 solid
cquipment maintenance iron oxide 70 solid
plant maintenance sanitary water 408,800 liquid
heating - ammonia water 2783000 liquid
heating- ammonia morpholine 7 liquid
cooling-ammonia water 1270 liquid
cooling-ammonia chromate 0.3 solid
cooling - urea water 1215100 liquid
heating - urea water 296300 liquid
salt water cooling biocides 30 liquid
salt water cooling salt water 17,370,400 liquid
salt water cooling sulphuric acid 60,000 liquid



113

Tabie 5.10 Products of the Fertrin and Urea plants

Products Mass, t/year
ammonia 802,700
carbon dioxide 269,600
urea 272,640
Waste Materals

Twenty-two wastes are produced by the equipment maintenance process while one waslte cach is
produced by plant maintenance, ammonia and urea heating, fresh water ammonia and urea cooling and
salt water cooling processes. The ammonia production process produces one waste while the urea
production process produces two, for a total of 31 wastes. The fate of two wastes, monoethanolamine and
triethylene glycol, is unknown; when discussed with plant enginecrs, they stated that the wastes had been
placed in barrels and were awaiting a decision for disposal. ln the past, both wasles had been landfilied.

The majority of the waste produced was from the salt water cooling system {Table 5.11). Initially
a cooling tower allowed recycling of the salt water, but the cooling tower has collapsed. resulting in the
use of a once-through system. The engineers provided an estimate of 3-4000 vhr evaporation from the
cooling system, but since only 2,000 thr are input, this was obviously not correct.

Volumes of waste materials were consistently underestimated by the plant engincers. Estimates
of MEA waste were given at 3.85 t/year and at 11.3 tyr, but records indicated that an average of 108
tyear were being put into the system which is supposed to be closed. The use of antimony, arsenic and
vanadium in this system make this a concern. Records also indicated a significant loss of cooling water
from the closed fresh water system. This was significant due to the use of chromium as an anti-corrosive
in this system. There were no records available to determine the actual amount of solvents and Safc-Sol (a

solvent containing chlorinated solvents) that were used.



Table 5.11 Wastes from the processes of the Fertrin plant
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Process Wastes Mass, t/'vear Waste Type Disposal
process - ammonia ammonia 7 gas air
process - urea ammonia 890 gas air
process - urea urea processing water 50 liquid drains
equipment maintenance regenerate 24000 liquid drains
equipment maintenance monoethanolamine 110 sludge unknown
equipment maintenance tricthylene glycol 3 sludge unknown
equipment maintenance solvent 0.7 vapour air
cquipment maintenance activated carbon 0.3 solid landfill
equipment maintenance canister filters (2kg/filter)* 0.05 solid landfill
equipment maintenance molecular sieve 0.4 solid landfill
cguipment maintenance reformer tubes 20 solid recycled
equipment maintenance cobalt/molybdenum 4 solid recycled
equipment maintenance zinc oxide 6 solid landfill
equipment maintenance nickel oxide 20 solid recycled
equipment maintenance nickel chromium 8 solid recycled
equipment maintenance zinc/copper 40 solid recycled
equipment maintenance iron/chromium 20 solid recycled
equipment maintenance nickel 3 solid recycled
equipment maintenance iron oxide 70 solid landfill
equipment maintenance lubricating oil 41 liquid recycled
equipment maintenance oily wastes 2 liquid recycled
equipment maintenance waler 1380 liquid drains
cquipment maintenance scrap steel 60 solid recycled
equipment maintenance spent anion resin 0.2 solid landfill
equipment maintenance spent cation resin 0.2 solid landfill
plant maintenance sanitary water 408,800 liquid drains
healing - ammeonia heating water 2,783,000 liquid drains
cooling - ammonia NHj7 cooling water 1270 liquid drains
cooling - urea urea cooling water 1220 liquid drains
heating - urea urea heating water 296.300 liquid drains
salt water cooling salt waler 17,870,400 liquid drains

*weight was estimated

Waste Conlaminants

Temperature is the main concern with disposal of salt water waste into the ocean. The volume
that is being used could have a significant impact on fish, shellfish and algae growth in the vicinity of the _
outflow (Table 5.12). The outflow from the fresh water cooling system contains 30 ppm Cré* and.
although this does not go directly to the drains, it has been assumed that it will flow to the ocean, 1 km to

the west.
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The monoethanolamine (MEA) wastes contain antimony. arsenic and vanadium which poses a
problem for disposal. The activated carbon filters also would be contaminated with these heavy metals as
activated carbon is used to filter MEA. The catalysts and converters gradually lose their effectiveness and
require replacing over periods from 2 to 15 years. These materials still contain mainly heavy and other

metals. Most are returned to the manufacturer for recycling while some are discarded in landfiils.

Table 5.12 Mass and percent of wastes per disposal option from the Fertrin plant

Waste Type Mass (t/vear) Percent Disposal
of Waste Method
gas 890 0.004  air
liquid 21,386,500 99.994 drains
liquid 40 =0 off-sitc recycled
sludge 113 0.001 unknown
solid 70 =0 landfill
solid 180 0.001 off-site recycled
Total Mass 21,387,800 100

5.4.4 Caribbean ISPAT Lid.

Built in the late 1970s by the Iron and Steel Company of Trinidad and Tobago (ISCOTT), the
steel plant first started production in August, 1980, producing steel billets. Production of steel rods was
initiated in June, 1981, The plant utilizes the direct reduction process, a Midrex design, two series 400
modules with a production capacity of 420,000 t Direct Reduced Iron (DRI} per ycar each which is then
processed into steel billets. The plant also produces its own lime. The plant has two clectric arc furnaces
and a ladle furnace for high carbon steel and produces 50,000 t per month of stecl billets. The billets arc
heated in a walking beam reheat furnace and reduced through rolling mills to produce wire rod, About
20% of the DRI and the steel billets are sold. The plant employs 977 people.

Site Description
The site was littered with dust, old equipment, barvels. empty cups, lunch boxcs and other

garbage. Graffiti had been scrawled on many walls and posts and the building structure had not been
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maintained, with doors and windows missing. Near the DRI process, DRI pellets had spilled, creating
hazardous walking conditions. Dust was heavy from the DRI storage and the lime plant. The meltshop
floor was heavily littered with slag, fines, old cables, and other material. The baghouse did not appear to
be working at all, with most of the dust being emitted out of the meltshop doors and visibility was affected
due to the airborne dust. Heat and noise were also high. Scale was piled around the remelter for the
rolling mill and the floor here was also littered with debris. Water leaked heavily from the remelter
troughs and the settling tank oil skimmer did not work.

Ditches outside the equipment maintenance shop were coated with oil and a worker stated that all
used oil was dumped into the drains. Degreasers used for cleaning equipment were also dumped into the
drains, although these were not standard solvents as previous drainage ditch fires resulted in a solvent use
ban. Old vehicles stood nearby, in various states of decay. The stdrage vard was stockpiled with balec{
wire rod, some quite rusted and some wire had become unbaled.

Water was leaking unchecked from pipes and equipment. oil was Jeaking from compressors and
barrels of unknown material had been left in various locations. Wastcwater lagoons were used to settle
particulates and a layer of oil lay on top of the upper lagoon, coating the lagoon retaining walls.

Process Input. Products and Wastes |

A large number of inputs are required for these processes - a total of 16 inputs, including four to
the DRI process. two to the lime process and ten to the steel process (Table 5.13). Nine inputs are needed
for equipment maintenance while only one is needed for the cooling process. - The plant produces three
products (Table 5.14).

The plant produces a consiQerable quantity of substandard billets and wire which are returned to
the furnace for recycling. Discussions with managers indicated that billet production was 96% of the
liquid steel, with 0.7-0.8% being trimmed and remelted and 2% being lost as slag and scale. Further
losses of up to 20 t/day were incurred in the remelting of the billets, where scale formation is a concern,

and in forming of the wire rod. Since most of these materials are retumed for remelting they do not



appear as waste products although there is a significant energy waste. Total plant efficiency was rated at

84.7% of the liquid steel input.

Table 5.13 Inputs to the processes at the ISPAT plant

Process

DRI production

DRI production

DRI production

DRI production

lime production

lime production

steel production

steel production

steel production

steel production

steel production

steel production

steel production

steel production
equipment maintenance
equipment maintenance
equipment maintenance
equipment maintenance
equipment maintenance
equipment maintenance
equipment maintenance
equipment maintenance
equipment mainienance
cooling

Input

iron ore

natural gas
oxygen

water
limestone
oxygen

atloy

calcium carbide
coal

lime

oxygen

rice husks
scrap steel
silicon/manganese
nickel catalyst
solvent

solvent
electrodes
Draumas oil
hydraulic oil
lubricating oil
oil filters
transmission {luid
water

Table 5.14 Products from the ISPAT plant

Products

DRI
wire rod
steel bitlets

Mass, t/year

144,000
456,000
120,000

Mass, t/year

1,080,000
255938
428.760
313.200

36,000
18,720
1200
780
600
19,700
1.300
6.800
336.000
7,620
56.64
47.97
64.02
2400
59.07
94.67
95.84
624

3.9
2,763.050

Input Type

solid
8as
gas
liquid
solid
gas
solid
solid
solid
solid
gas
solid
solid
solid
solid
liquid
liquid
solid
liquid
liquid
liquid
solid
liquid
liquid
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Waste Materials

The ISPAT plant produces a high volume of wastes (Tabie 5.15 and 5.16). The manufacturing
process produces six of the wastes, while equipment maintenance produces seven. The cooling process
produces two wastes for a total of 15 wastes. A significant portion of these wastes are carbon
dioxide/particulates which are released to air, and solids which are sold for recycling. It must be noted
that, although scrap steel is purchased for addition to the steel, little scrap that is generated on site appears
1o be included in that scrap. The reasons given for this exclusion were concemns regarding quality of the

steel.

Table 5,15 Wastes from the processes at the [SPAT plant

Process Wastes Mass, t/year Waste Fate
Type

DRI production COn/particulales - DRI 985,000 gas air

DRI production nitrogen 149  pas air

lime production COy/particulates - lime 102 gas air

steel production COx/particulates - steel 814  gas air

steel production mill scale 5,400 solid landfill

steel production slag 108,000 solid recycled

equipment maintenance nickel catalyst 60 solid recycled

equipment maintenance lubrication oil 250 liquid drains

equipment maintenance oil filters (3 kgffilter) 1.870  solid landfill

cquipment maintenance cesium source 0.1 solid on-site landiill

cquipment maintenance metal equipment 12 solid on-site storage

cquipment maintenance scrap steel 1 solid on-site storage

cquipment maintenance tires 12 solid landfill

cooling cooling tower sludge 22,000 sludge landfiii

cooling steel cooling water 27.630,500 liquid drain

The steel plant does have a baghouse but it is capable of handiing only half of the plant's
production and does not operate effectively. Consequently. the particulate emissions are significant, High
levels of heavy metals are found in the particulates emitted from the steel plant. The radioactive cesium,

from quality control equipment, is covered with cement and buried on site.
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Table 5.16 Mass, percent of wastes and disposal options for the ISPAT plant.

Waste Type Mass (t/vear} Percent Disposal Option
of Waste

gas 986,000 34 air

liquid 27,630,700 96 drains

sludge 22,000 =0 off-site landfill

solid 13 =0 on-site storage

solid 108,000 04 off-site recycled

solid 0.1 =0 on-site landfill

solid 7.300 =0 off-site landfill

Total Mass 28,753,995 100.0

5.4.5 Summary of Waste Production

A total of 76 wastes are produced by the four selected plants. with a mass of 49,995,500 Uyear.
Seventeen wastes are recycled by off-site recyclers and will not be included among the wastes to be
reviewed, leaving 59 wastes to be considered. The wastes to be reviewed are summarized in Table 5.17.
The majority of the wastes are released into drains to the ocean or emitted to the air. Solid and sludge
wastes are landfilled.

It must be recognized that the data obtained may be far from complete. None of the plants had a
waste management program and none were keeping records of wastes produced. Some did not keep track
of actual input or product amounts. In many cases. changes had been made to the plant manufacturing
process and to other processes since construction of the plant and no drawings or records had been kept of
the changes. Phoenix Park Gas Processors Limited, the newest plant, had the most complete records and
had taken the greatest care in managing their wastes.

A significant number of wastes are produced by the four plants in the case study, particularly as
gaseous and particulate emissions. Carbon dioxide is the major component of the gases emitted, a result of
combustion of fuels. Water from heating and cooling processes also constitules a major segment of the
wastes. Equipment maintenance produces the greatest variety of wastes and many of these wasles arc

produced over a number of months or yeurs.
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There is little recycling of materials within the four plants but there are wastes which have not
been included in this survey since data were not available. Losses of urea were not possible to determine
since there was no means of determining actual production. However, spills and dust production indicated
that there was definitely some loss of urea, Similarly, a spill of DRI at the ISPAT plant was evident but
there was little information to determine how frequently this occurred. Sampling procedures and analyses

of wastes were not always available.

Table 5.17 Total mass and disposa} of wastes from the four case studies. Recycled wastes have not been

included. Discrepancies are due to errors in rounding.

Waste Type Mass (t/vr) Percent  Disposal
pas 986,600 2.0 air

liquid 48,864.500 977 drains

liquid 0.4 =0.0 burned
sludge 22,000 =0.0 landfill
studge 113 =0.0 unknown
solid 114,800 0.2 landfill

Total 49,995,500 100.00

5.5 Potentials for Reusing, Recycling or Disposing of Waste Materiais - The Decision Support
System

It has been determined that 2 number of the waste materials have the potential to damage human
health or the environment. The decision support system can provide a number of consecutive treatments
(a treatment train) which will enable a wasle or a component of a waste to be recycled. It will also list
those wastes which could be directly reused and would provide treatment trains for a waste for disposal to
land (landfills or land treatment), water or air.

The input. process and output data for each plant were loaded into the system, using the system
input forms and the system was then run. In this run, wastes for which 2 recycle market was already being
used (such as used oil from Phoenix Park) were not incluc.ied as a market was deemed to have been found -

15 wastes were being treated and recycled off site. Further information would be needed to ensure that the



recycling process was not causing more environmental problems (e.g. wastes sent for recycling were not
being landfilled) and to assess the economics of any alternative. A total of 4 different wastes were
matched against 73 inputs and 4 regulation standards.
Once all treatment trains are complete, the user then makes a selection as 10 the treatment trains

to be selected. The current selection choices are:

1. minimum number of treatments per traii.

2. matching treatment trains for different wastes: and

3. minimum number of treatments for all wastes.
In addition, these selection choices can be used to set priorities. For example, the user may select the

shortest treatment trains, then match those wastes to see which train has the greatest number of matches,

5.5.1 System Results

The system currently does an analysis of all possible treatment trains to match a waste materiai
with an input material or a regulation standard. The trains are constrained by the following conditions:
1. only two state changes are allowed per train.

2. achange in material state only (i.e. the treatment changes no other parameter) is allowed once per

train; and
3. a specific treatment may be used only once per train,
Even with these constraints, the total number of trains for one waste-input match may be high. With the
wastes and inputs in the case study, over 4,600 trains were generated to match all wastes. Approximately
200 records were completed per hour. The matches which took the longest to complete were those
matching sanitary waters with water inputs. The large number of treatments which treat liquids probably
accounted for the high number of records. together with the number of contaminants in the sanitary water.
As a result. the system took over a week of computation on a 486 33 mHz microcomputer to
evaluate the trains for ail of the wastes. Of the 44 wastes evaluated, a total of seven wastes were classed as

not treatable, meaning no match could be found. Eighteen wastes could be treated and recycled as input



122
materials while 17 wastes could not be recycled to any of the input materials but could be treated for
disposal. Two wastes could be directly reused. requiring no treatments, Table 5.18 outlines the results of

the possible treatment trains selected by the system.

Table 5.18. A summary of possible treatment trains for all evaluated wastes.

Total Wastes Producing No. of Results Comments
Plants Trains
activated carbon Fertrin 4 Land Treatment
4 Ontario Effluent Reg.
ammonia Fertrin 0 none ammonia too high
boiler blowdown TTMeth 100 water

53  Ontario Effluent Reg.
21 Land Treatment

canister filters PPGP 3 Ontario Air Pollution Reg
Fertrin i Ontario Landfill Reg.
carbon dioxide/ ISPAT 3 Ontario Effluent Reg.

particulaies - DRI
1 Ontario Landfill Reg.
carbon dioxide/ ISPAT 11 carbon dioxide
particulates - lime
3 Land Treatment
79  Ontario Effluent Reg.
1 Ontario Landfill Reg.
carbon dioxide/ ISPAT 1 Land Treatment
particulates - steel
10 Ontario Effluent Reg.

carbon dioxide/water TTMeth 2 Land Treatment
PPGP 2 Ontario Landfill Reg,
cesium source ISPAT 0 none heavy metals too high
cooling water TTMeth 123 water
19  Land Treatment
2 Ontario Landfill Reg.
70  Ontario Effluent Reg.
cooling tower sludge ISPAT 3 Ontario Air Pollution Reg
2 Ontario Landfill Reg.
17 water
NH; cooling water Fertrin 27  Land Treatment
dust filiers PPGP 4 Ontario Air Pollution Reg
1 Ontario Landfill Reg.
equipment ISPAT 1 Ontario Landfill Reg.
freon TTMeth 0 none CFC 1oo high



Table 5.18 (cont)

Total Wastes

gas heating water

heating water

iron oxide
lubrication oil
mill scale

molecular sieve
monoethanolamine

nickel catalyst

oil filters

paper filters

plant washings

regenerate

regeneration water

salt water

sanitary water

scrap steel

sewage sludge

slag
solvent

Praducing
Plants
PPGP

Fertrin

Fertrin
TTMeth
ISPAT
ISPAT

TTMeth, PPGP
Fertrin

ISPAT, TTMeth
[SPAT
TTMeth
PPGP

PPGP

Fertrin

TTMeth

Fertrin

PPGP

Fertrin

ISPAT, Fertrin

PPGP

ISPAT
TTMeth, Fertrin

123

No. of
Trains
41
13
2
43

1084
139
185

60
22
33

Results

waler

Land Treatment
Ontario Landfill Reg.
Ontario Effluent Reg.
water

Land Treatment
Ontario Effiuent Reg.
iron oxide

Ontario Landfill Reg.
Land Treatment
Ontario Effluent Reg,
Ontario Landfill Reg.
none

Land Treatment

Oniario Air Pollution Reg

Ontario Effluent Reg,
nong

Ontario Air Pollution Reg

Ontario Landfill Reg.

Ontario Air Pollution Reg

Ontario Landfiil Reg.
water

Land Treatment
Ontario Effluent Reg.
Ontario Landfill Reg.
water

Land Treatment
Ontario Effluent Reg.
water

Land Treatment
Ontario Effluent Reg.
salt water

Land Treatment
Ontario Effluent Reg.
water

Land Treatment
Ontario Effluent Reg,
scrap steel

Ontario Landfill Reg.
water

Land Treatment
Ontario Effluent Reg,
nong

solvent

Comments

no treatments necded

metal too high

metals too high

no treatments needed

metals too high
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Table 5.18. (cont)

Total Wastes Producing No.of Results Comments
Plants Trains
spent anion resin Fertrin 1 Ontario Air Pollution Reg
TTMeth 1 Ontario Landfill Reg.
spent cation resin Fertrin 1 Ontarig Air Pollution Reg
TTMeth ] Ontario Landfill Reg.
steel cooling water ISPAT 78 water

2 Land Treatment
33 Ontario Effluent Reg.

tires ISPAT 1 scrap steel
1 Ontario Landfill Reg.
tricthylene glycol Fertrin 1 Land Treatment

7 Ontario Air Pollution Reg
110  Oniario Effluent Reg.
urea cooling water Fertrin 77 water
42 Land Treatment
43 Ontario Effluent Reg.

urer heating water Fertrin 42 water
30 Land Treatment
urea processing water Fertrin 33 Ontario Efftuent Reg.
water TTMeth 1096  water
) PPGP 49  Land Treatment
Fertrin 144  Omario Effluent Reg.
7 Ontario Landfill Reg.
zinc oxide TTMeth,Fertrin 0 none metals too high

5.5.2 Selecting Final Treatment Trains

In order to select options for final treatment trains the system includes mechanisms to screen the
total treatments. The user selects the third shortest, second shortest or the shortest treatment trains as the
maximum number of treatments per train for each waste or the third lowest. second lowest or the lowest
total mass of secondary wastes (wastes produced from the treatments) as the maximum mass of secondary
wasies pet train from treatments in the train. Table 5.19 lists the number of treatment trains produced
from selecting these options. Once one option has been selected (e.g. either number of treatment trains or
mass of secondary waste) if the list is still too long, the other option may be selected so that the list of
treatment trains is refined even further. The final list of treatment trains can then be matched to
determine the treatments that can be used to co-treat more than one waste. When economic data are

incorporated, this will become an added selection factor.



Table 5.19 Number of final trains after sorting using specified critcria

Option Number of
Final Trains

shortest treatment train 74

2nd shortest treatment train 302

3rd shortest treatment train 963

lowest secondary wastes 51

2nd lowest secondary wastes 100

3rd lowest secondary wastes 135

Treatment trains were matched for the entire list of trains to determine the options available for
co-treatment of the wastes. The final option for each waste was selected on the basis of the maximum
potential for co-treatment of wastes, considering potentials for reuse or recycling first. Table 5.21 lists the
option that was recommended, with Table 3.20 listing the treatment codes used in these tables. Trains
with a regulation result means that those wastes are acceptable for release into those environments.

The matching treatments and results indicate the treatments which can be used for co-trec..ment.
In Option A (Table 5.21), all records were assessed to determine the maximum potential for co-treatment
by matching treatment trains. It must be noted that in this final option, seitling is used twice for sewage
sludge although the same treatments are not allowed more than once in one train. Since onc treatment
was an acid settling and one a basic seitling. they were considered to be two different treatments. [t must
also be reilerated that this option examined the treatment trains for recycling opportunitics before any
disposal possibilities. In addition, these trains have not been pre-sorted for train length or mass of
secondary waste.

A total of fourteen wastes could be recycled to water, with twelve wastes being co-treated using
carbon absorption followed by ion exchange. Nine of those wastes would be previously co-treated with
ultrafiltration, one with reverse osmosis and one with dissolved air flotation. Prior to those treatments,
two of the nine wastes would require neutralization, while three of the others would require a varicty of

treatments.
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Table 5.20 Codes for treatments and disposal options in the treatment trains. An A added to the code

denotes an acid waste; a B denotes a basic waste.

Treatment Code Treatment Code
fixed hearth incineration FHI neutralization N
magnetic separation MS Teverse 0Smosis RO
anacrobic digestion AD precipitation P
belt filter BF sand filtration SF
cvaporation EV screening sC
multiple hearth incineration MHI settling SE
activated sludge AS solvent recycling SR
AP oil szparation AFI ultrafiltration UF
carbon adsorption CA baghouse filter BH
disk filter DF electrostatic precipitation EP
dissolved air flotation DAF packed tower PT
ion exchange IX Venturi scrubber VS
liquid injection incineration LI

Ontario Landfill Reg. Landfill Omntario Air Pollution Reg. Air
Ontario Effluent Reg. Effluent Ontario Land Treatment Regs Land treat

By selecting trains generaling a maximum mass of secondary waste equal to the third lowest
mass, Option B (Table 5.22) was generated. Fewer recycled wastes are included since the primary
criterion was to select trains with a secondary waste mass less than or equal to the third lowest secondary
waste mass for each waste. Only eight wastes could be treated for recycling to water and only four could
be co-treated with carbon adsorption, with three of these being previously co-treated with ultrafiltration
and neutralization; three wastes could be co-treated previously with reverse osmosis.

In Option C (Table 5.23), however, trains were first selected for a maximum length of the third
shortest train for each waste, then these were matched for treatment trains. Twelve wastes could be
recycled to water and eleven of these could be co-treated with ultrafiltration followed by ion exchange. In
this scenario, urea cooling water. gas heating water, cooling water and boiler blowdown could be
combined for treatment by disk filtration prior to being combined with other pre-treated wastes for co-

treatment by ultrafiltration.
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Table 5.21. Option A - final options selected for all wastes by matching treatment trains.

W aste Treatment Train Result |Secondary
2 31 4.4 5 6 7 8 9 [Waste, t/vr
¢generation water N-B |[DAF| IX |UF-B| RO water 74
steel cooling water SE-B|UF-B| CA | IX water 16735004
water BF-A|N-A |UF-B| CA | IX water 43 100]
sanitary water -} APL | N-A |UF-B| CA | IX waler 9260
lurea cooling water APl |UF-B| CA | IX | water 32
pas heating water UF-B| CA | IX water 2.4§]
urea heating water UE-B| CA | IX | water 8300)
boiler blowdown UF-Bl CA | IX water 0.7
lant washings BF-A |SE-A|UF-B| CA | IX water 1
cooling tower sludge MHI| BH | VS | PT |UF-B] CA | IX | water 55916
regencrate UF-B| RO | CA | IX water 2000,
cooling water DAF| CA | IX water 1095
lsewage sludge BF-A |SE-A|N-A|SE-B|DF-B|DAF| AS | CA | IX water 2
fheating water DAF| water 17
solvent SR | solvent 0.01
tires- MS |scrap steel 10
scrap steel scrap steel 0
salt water DE-A| N-A | SE-B |DAF| salt water 213780,
iron oxide iron ore 0
carbon dioxide/ VS | PT | EP | carbon 184
articulates - lime dioxide
mill scale MS | Landiill 1603
carbon dioxide/water BH | Landfill 64500
carbon dioxide/ BH | Landfill 402
[particulates - DRI
equipment Landfill 0
spent anion resin Landfill 0
spent cation resin Landfill 0
urea process water DF-B|SE-BjUF-B| RO | IX | Effiucnt 6|
[lubrication oii LIl | BH | PT |UF-A|DAF| iX | Effluent 382
lactivated carbon FHI | VS | 1X | Effiuent 0.4
triethylene glycol MHI| BH | PT | EP Air 1
imonoethanolamine MHI| BH | PT | EP Air 36
oil filters FHI | V§ | PT | EP Air 3450
aper filters FHI | VS | EP Air 0.25
canister filters FHI ! VS | EP Air 0.1
dust filters FHI | V§ | EP Air 0.5
carbon dioxide/ BH ! PT | N-A |SE-B| Landtreat £17967
articulates - steel
- cooling water DAF | IX |UF-Bj CA j RO | Landircat 26,
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Table 5.22. Option B - final options generated for all wastes by first selecting trains which produce a

maximum of the third lowest secondary waste mass, then matching treatment lrains.

[Waste Treatment Train Result Secondary
} 2} 3 4 s§ 6 7 8 'Waste, t/vr
|heating water UF-B pwater 350
lrezenerate IX [CA [UF-B RO [water 520
[plant washings SE-A [N-A SE-B [SF-B [UF-B IX RO __|water 3
cooling water IAS ICA [UF-B DAF RO pwater 2560
steel cooling water BF-BIN-B [UF-B [CA |water 453130
boiler blowdown N-B {UF-B [CA pvater .07
cooling tower sludge MHI BH [BS [PT IN-A |UF-B [CA Iwater 55834
sanitary water SF-A[UF-A RO [N-A [IX |[UF-B [DAF [CA |water 10400,
solvent SR solvent 0.01
|scrap steel jscrap steel 0
lsalt water DF-A [SE-A [UF-A IN-A _sait water 243960
liron oxide iron ore 0
fmill scale MS  [Landfill 1663
canister filters FHI |Landfill 0.03
spent anion resin Landfill 0
spent cation resin Landfil} 0
equipment Landfill 0
carbon dioxide/ BH [VS [N-A [UF-B [Effluent 412
articulates - DRI
carbon dioxide/ BH [PT |N-A |SE-B DAF [UF-B [Effluent 819
articulates - steel
carbon dioxide/ VS |N-B |BF-B |[UF-B [Effluent 104
[particulates - lime
urea process water IN-B [DF-B|SE-B [UF-B IX |RC [Effluent 3
regencration water UF-B [X RO [Effluent 70]
tires FHI [Air 3
aper filters FHI [PT [EP |Air 0.04
il filters FHI VS PT [EP |Air 3450
dust filters IFHI VS [EP  JAir 0.5
tricthylene glycol BF-A|SE-A [DF-A IN-A |SE-B [DAF [IX |UF-B [Landtreat 0.7
sewage sludge IBF-A |SE-A IN-A |SE-B |DF-B [UF-B [Landtreat 1
[lubrication oil LIl [PT  IN-A [DF-B [UF-B {Landtreat 320
hwater SE-A IDF-A [UF-A [Landtreat 49200,
E:;slhealing water N-B |[UF-B RO [Landtreat 0.25
1 cooling water DAF |IX |[UF-B CA RO [Landtreat 26
jurea heating water N-B [DAF [UF-B [CA [RO [Landtreat 2210
Jurea cooling water APl |DAF [UF-BIIX |CA RO [Landtreat 30
mmonocthanolamine MHI [VS  [DF-A N-A [Landtreat 137
carbon dioxide/water VS  IN-A [Landtreat 64500,
activated carbon IFHI VS Landtreat 0.4




Table 5.23. Option C - final options generated by first selecting trains with a maximum length of the

third shortest treatment trains, then matching treatment trains.

'Waste Treatment Truin [Result Sccondary
1 3 § 7 'Waste, t/yr
hwater N-A |SE-B [UF-B IX {water 63900
itary water API DAF N-&A [UF-B [IX |water 9300
sewage sludge BF-A ISE-A [N-A |SE-B IDAF [UF-B [IX pvater 1.5
urea cooling water DF-B [UF-B _[IX [water 36
as heating water DF-B [UF-B [IX |water 2.5
cooling water DF-B [UF-B_[[X pvater 11404
boiler blowdown DF-B [UF-B [[X |water 0.7
steel cooling water iBF-B [UF-B_[IX  [water 996690
urea heating water UF-B {IX [water 3800
lant washings BF-A [SE-A [UF-B [IX pvater 1
Eegenerale UF-B RO [IX |water 2000)
eating water IDAF [water 17
solvent SR |solvent 0.0l
ftires- MS  |scrap steel 10
kscrap steel scrap steel 0
1t water DF-A SE-A [UF-A [[X |salt water 596640
iron oxide iron ore 0
carbon dioxide/ BS T [EP [farbon 184
articulates - lime dioxide
mill scale IMS  [Landfill 1663
carbon dioxide/water BH [Landfill 64500
carbon dioxide/ BH [Landfill 402
articulates - DRI
spent cation resin ILandfill 0
lspent anion resin Landfill 0
equipment Landfill 0
cooling tower sludge Landfill 0
urea process water DF-B |SE-B [UF-B RO [IX [Effiuent 6
Hlubrication oil 1.II BH [PT [UF-A DAF [IX [Effluent 382
lactivated carbon FHI [VS  {IX  [Effiuent 0.4
triethylene glycol MHI BH [PT EP  JAir 1
monoethanolamine MHI BH PT [EP  lAir 36
oil filters FHI [VS [PT [EP |Air 3450
aper filters FHI [V§ [EP lAir 0.25
dust filters FHI [VS [EP |Air 0.5
canister filters FHI VS [EP JjAir 0.1
carbon dioxide/ BH [|PT [N-A SE-B [Landireat 818
articulates - steel
regeneration water [UF-B |[RO |Landtreat 176
INH- cooling water AF X -B |CA RO {Landtreat 26
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The last example of final options, Option D (Table 5.24), was determined by first selecting trains
for a maximum length of the third shortest treatment trains, then finding trains with secondary waste
masses less than or equal to the third lowest secondary wastes and, finally, matching the treatment trains.
Only six of the wastes could be recycled to water, compared to twelve in previous examples,

None of these scenarios take cost into consideration, which would add a major factor, in selection.
In addition, the treatment and recycling or disposal of secondary waste still has yet to be considered.
However, the system allows the user to make a number of choices to determine final treatment and co-
treatment options. Both the short treatment train (Option C) and low secondary waste {Option B) options
aliow the user to reduce potential costs before these would be explicitly calculated. The system does
provide a mechanism to determine the volume of secondary wastes, further additions 10 the system must be
incorporated before the nature of the wastes is also considered and then added to the list of wastes for

treatment.

5.5.3 Wastes Classed as Untreatable
Seven of the wastes could not be treated for one or more of the following reasons:
1. Components of the wastes did not match any of the inputs;
2. One or more of the waste parameters could not be reduced to acceptable levels by the treatments in
the knowledge base; or
3. The knowledge base was too restrictive to accept the waste.
Further research is necessary to determine if the knowledge base treatment limits and formulae are
sufficiently accurate for the purposes of this program. Markets outside the industrial estate need to be
identified, the materials defined and included in the data base to broaden the data base scope. In addition,
the number of treatments could be increased to cover a broader range of material types.
The actual reason that 2 waste is rejected for treatment is not specified by the program, since it
would require storage of each attempted treatment potential and the parameters that were not met. Even if

a material does not match any of the inputs for recycling, it is still tested for potential for treatment for
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disposal. At least one parameter must cause it to be rejected for disposal, but that parameter may not be
the same for each treatment train or for each standard. The reasons listed in Table 5.18 have been
generated using the experience and judgment of the author.

It is possible that ‘gaps' in the treatability range of the treatments resuited in some of the materials
being considered as untreatable. For example. sand filtration treats materials with less than 750 ppm
particles while settling treats materials with greater than 1500 ppm particles. Any matcrial with a panticle
range between 750 and 1500 ppm would not be treatable by either of those two treatments so a third
filtering treatment, continuous precoat disk filter, which covers a range from 50 to 5000 ppm particles,
was included. Although an attempt was made to include all ranges for each of the treatments, there may
be some gaps which would result in some wastes being considered as untreatable.

The list of untreatable wastes includes ammonia. Since ammonia is not an input but a product, it
is not- considered as an end result for recycling. The system considers that most plants would try to reduce
loss of a saleable product to the greatest extent possible as a basic cconomic necessity and product loss
could be also considered as internal plant housekeeping, to be further examined under waste minimization,
Fugitive losses of urea, which occur but are not listed here as no data were available, would also have been
listed as non-treatabie for the same reason.

The system does show some weaknesses when an output is not in the same state as an input.
Since only approximately 14 of 29 parameters are included for each material, some of those parameters
may not have any value. For example, the CFC content of a solid is not usually measured. Where
possible, formulae have been included to provide paramcter estimates but, for example, iron is not
measured for gases although it may be a component of the particles. Consequently, the dust output may
contain sufficient iron for recycling but has not been included, unless it is listed as a main component of
the material.

To resolve this problem, the user could be requested to provide data for all 29 parameters. Data

on specific heavy metals could also be included, if a total value for heavy metals was entered by the uscr.
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Table 5.24. Option D - final options determined by first selecting for trains with a maximum length of

the third shortest trains, followed by selecting trains producing a maximum secondary waste mass equal to

or less than the third lowest sccondary waste mass, then matching the resulting treatment trains.

'Waste Treatment Train [Result Secondary

i 2 3 4 S 6| [Waste, t/yr
heating water UF-B |water 5504
urea cooling water SF-B [UF-B I[X pvater 36
as heating water UF-B [IX  water 2.5
urea heating water UF-B JIX  [water 8800
boiler blowdown UF-B [IX  [water 0.7
steel cooling water BF-B [UF-B |[CA  hwater 453140
lvent SR |solvent 0.01
tires MS  lscrap steel 10
rap steel scrap steel 0
iron oxide iron ore 0
carbon dioxide/particulates - lime BH PT [EP |carbon dioxide 21
ill scale MS [Landfill 166
cooling water DAF [BF-B [Landfill 52555
carbon dioxide/water BH [Landfill 64500
carbon dioxide/particulates - DRI BH [Landfill 402
spent anion resin I_andfill 0
equipment Landfill 0
cooling tower sludge Landfill 0
spent cation resin Landfill 0
cwage sludge BF-A [SE-A IN-A [SE-B [DAF |UF-B [Effluent 1
regencration water UF-B RO [Effluent 176
urea process water DF-B |SE-B [UF-B X [RO [Effluent 3
aper filters FHI PT [EP |Air 0.04
[monoethanolamine MHI [BH [PT  [SE-B JAir 36
triethylene glveol MHI BH PT [SE-B lAir |
oil filters FHI |PT [VS [SE-B jAir 3450,
canister filters FHI |VS ISE-B |Air 0.1
dust filters FH1 |[VS [SE-B [Air 0.5
lubrication oil N-A [LII [PT [SE-B ILandtreat 322
carbon dioxide/ BH [PT [N-A [SE-B [Landtreat 818,

articulates - steel

lant washings BH-A [N-A |SE-B [Landtreat 0.7
salt water SE-A [UF-A RO  [Landtreat 2526632
water N-A [BF-B [UF-B X [Landtreat 43100
itary water DF-A [UF-A X  [Landtreat 9100
[NH-~ cooling water SF-B [UF-B RO ICA X [Landtreat -46
fictivated carbon FHI |[VS [[X [Landtreat 0.4
egenerate 1X  [Landtreat 480
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However, it must be recognized that analyses are costly. and the more parameters that are needed. the

slower the system will be and the more difficult it is for the user to provide all the data.

5.5.4 Treatment Options

Selection of the shortest treatment trains or the lowest secondary wastes does not consider co-
treatment of the wastes but can be used to compare with the final options selected. By selecting the
maximum length of the trains or the maximum mass of secondary wastes as equal to the second or third
shortest or lowest, the number of trains can be reduced. Since no economic data have been included. the
shorter trains or those with lower secondary wastes would conceivably be more economical. Thus. by
using those trains to determine co-treatment polentials, the more economical options would be chosen.
Table 5.25 lists the characteristics of the developed options which. together with economic data. can be
used .to decide the option used for treating the wastes. The user may want to consider more than one
option in the preliminary stage and use cost analysis and bench testing to determine the most acceptable
treatments.

For the case study, the sclected options were examined to determine which would be
recommended to the Point Lisas Industrial Estate for managing wastes from the four plants. Since waste
recycling is a primary goal, a balance must be made between the maximum number of wasles for
recycling, the minimum mass of secondary wastes which must be also considered and the number of
treatments for each option. Although option D produces the lowest volume of secondary wastes and has
the lowest number of treatments, it also recycles the lowest number of wastes. Option A recycles the most
wastes but also produces the largest mass of secondary wastes. Option C, however. recycles almost the
same number of wastes but has significantly fewer treatments and produces less secondary wasles.
Consequently, option C would be the recommended option for the current wastes and masses, pending
examination of economic data and examination of potential treatment, recycling and disposal options for

the secondary wastes.
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Table 5.25 Characteristics of the selected options that may be used for determining the final treatments for

treating the wastes.

Option Wastes Recvycled No. of Treatmzuts Secondary Wastes, tiyr
No. Mass, t/vr | Recycle Total Recycle Total
A 20 50,392,000 38 73 2,008,000 2,079.000
B 12 48,797,000 36 103 767.000 890,000
C 18 50,266,000 27 59 1,688.000 1,750,000
D 11 30.711.000 11 50 463,000 3.166.000

With regard to co-treatment of the wastes for the Point Lisas Industrial Estate, option C indicates
that a centralized facility for treating a number of liquid wastes for recycling as water is feasible (Table
5.26). A significant portion of these wastes could be recycled. Examination of other treatment trains may
reveal potentials for treatment of secondary wastes. A recycling facility for solvents should also be

established while treatments to recycle tires, equipment and other scrap stezl for input into ISPAT should

be considered. Some treatments would be required prior to sending the wastes for co-treating,

Table 5.26 Mass potentially recycled by co-treating wastes to water

Waste

water

sanitary water
sewage sludge
urea cooling water
gas heating water
cooling water
boiler blowdown
steel cooling water
urea heating water
plant washings
regenerate

heating water
Total

Initial Mass
tonnes/yr

1,213,000
414,700
1.5
1,220
248
52,560
33
27.630,000
296,300
18
24,000
2,783,000
31,313,400

Recycled Mass
tonnes/yr
1,128,900
405,400
5.5
1,180
110
51,420
32
26,633,800
287,500
17
22,000
2,783,000
32,395,300

% Recycled

tonnes/yr

1

% of Recycled

Mass (t/yr)
94.64 3.61
97.75 1.29
78.11 0.00
97.02 0.00
97.80 0.00
97.83 0.16
97.80 0.00
96.39 85.06
97.03 0.92
93.83 0.00
91.66 0.07
00.00 8.89
96.66 100.00



According to option C, a number of wastes must be landfilled. land treated or released to air or
water. Markets for those materials should be found outside the four plants. and. if necessary, off the estate
site. For example, molecular sieve is primarily aluminum oxide: it could readily be used as an input for an
aluminum processing plant or, potentially, for making sandpaper. However, with the results from the
above potential options, the following recommendations have been generated for the industrial estate and

the four companies.

The Recommended Option

Option C was selected as the recommended option. involving selection of trains shorter or equal
to the third shortest treatment trains followed by matching the treatment trains. Implementation of this
option would require a central treating facility for the estate, to provide the treatments for co-trcating
wastés from more than one plant. Some waste would require treatment by the producing plant prior 1o
treatment at the estate facility. Wastes which cinnct be co-treated must still be treated on site prior to
recycling or disposal. The following outlines the treatments required by each plant and those that should

be included at the estate treatment centre.

Point Lisas Industrial Estate Treatment Centre

The main potential for co-treatment lies in treating wastes to recycle water (Table 5.26).
Eighteen treatments are needed to treat the 14 water-containing wastes which are produced by all four
plants, producing a total of 1,082,000 tonnes of secondary waste per year. This would allow a total of
32,395,300 tonnes of water to be recycled, 96.7% of the initial waste. By introducing wastc minimization
within each plant, the total volume of wastes and secondary wastes could be reduced, thus requiring a
smaller treatment facility.

A central treatment plant should be installed, which provides treatments for wastes froin a
number of plants to produce materials that can be used as inputs. This treatment centre should provide

facilities for co-treating wastes from more than one plant. The recommended trains, waste inputs and final
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materials are listed in Table 5.27. Through discussions with all plants on and surrounding the estate,

potentials for reducing contaminants in the wastes could be explored and the number of treatments

required could be reduced.

Table 5.27 Wastes for treatment by a centralized facility, the treatment trains. required and the resulting

materials.
Waste Producing Treatment Train Result Secondary
Plants 1 2 3 'Waste, t/yr
water PPGP TTMeth Fertrin [N-A [SE-B {UF-B X |water 63900
hurea cooling water Fertrin DF-B [UF-B X fwater 36
as heating water PPGP DF-B UF-B [IX |water 2.5
cooling water TIMeth DF-B [UF-B [[X iwater 1140
poiler biowdown TTMeth DF-B [UF-B [[X pwater 0.7
urea heating water Fertrin UF-B X [water 38004
steel cooling water ISPAT UF-B [IX |water 996690
sewage sludge PPGP UF-B_[[X jwater 1.5
sanitary water PPGP, Fertrin UF-B X  pater 9300
lant washings PPGP UF-B IX  |water 1
[regencrate Fertrin X jwater 2000
solvent TTMeth, Fertrin SR solvent 0.01
oil filters ISPAT. TTMeth FHI [VS [PT [EP |Air 3450
aper filters PPGP FHI VS {EP Air 0.25
dust filters PPGP FHI [V§ [EP [Air 0.5
canister filters PPGP, Fertrin FH1 VS [EP |Air 0.1
regeneration water TTMeth RO [Landtreat 176
INH cooling water Fertrin RO [Landtreat 26

Although only the Trinidad and Tobago Methano! plant and Fertrin produce solvent as a waste,

other plants also use solvents, as determined by the inputs. These are not listed as a waste as they are

allowed to evaporate and the waste quantities could not be determined. By installing a solvent recycler for

the entire estate, more plants would be encouraged to save and recycle their solvents instead of pouring

them into drains or allowing them to evaporaie.

This would alse discourage the use of Saf-Sol, a

chlorinated solvent which cannot be readily recycled.
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Most of the plants would produce sewage sludge although this waste was again not listed by those
plants. Little seemed to be known about each plant's treatment of sewage. A centralized facility is needed
to treat this waste. Further information is.required to determine the characteristics of the waste to better
determine the treatments needed.

It must be noted that, although a packed tower treatment is not required for paper. dust filters or
canister filters, it was recommended. Since all the filters can be treated with fixed hearth incineration, it
was considered acceptable to add this pollution control device to remove any heavy metals or acid gases
and to reduce the overall cost of the incineration facility by allowing it to treat more wastes. Filiers from
plants other than the four included in this system could also be incinerated at this facility. By searching
the total treatment file, it was determined that the ash from incinerating these wastes could be landfilled.

Some plants recycle lubrication il off-site at the Trinidad and Tobage Oil Refinery while others
lreat. it as a waste. The estate should encourage recycling by setting standards for the waste oil or oily
water and providing a central collection point for all the estate plants. This has been recommended rather
than attempting to treat and discard it.

The estate should also assist plants in finding markets for waste materials such as molecular sieve
which could possibly be éold to aluminum manufacturers. It should also assist plants in minimizing waste
volumes and reducing the hazardous nature of wastes since this will reduce the risk of materials being
discarded onto estate property, thus reducing the value of the estate land or potentially creating a situation
which will require expensive future remediation. The minimization and recycling of water should be
emphasized due to the fresh water shortages in the local community and the deleterious cffects of effluents
on the aquatic life in Couva Bay.

Due to the presence of oil in the sanitary wastes, an API oil scparator is required 1o initially treal
this waste. By encouraging plants to prevent oil frorﬁ entering the sanitary waste system, this treatment

should not be required.
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Phoenix Park Gas Processors Limited

The wastes requiring treatment from Phoenix Park Gas Processors are listed in Table 5.28, with

their masses, final destinations and train results. The treatments required for treating those wastes on the

plant site are illustrated in Figure 5.2. It must be noted that the gaseous compressor oil waste was not

included since measures were already being taken to eliminate this waste.

Table 5.28 Wastes from Phoenix Park Gas Processors and their final destinations and results.

Process Waste Mass, Final Final
(T/year) Destination Result
NG refining process water 20,507 recycle water
NG refining process carbon dioxide/water 46,600 disposal landfill
equipment maintenance canister filters (2 kg/filter) 0.02  disposal  air/landfill
equipment maintenance dust filters (1 kgffilter) 0.3 disposal  air/landfill
equipment maintenance paper filters (1 kg/filter) 0.1 disposal  air/landfill
equipment maintenance molecular sieve 17 potential sale aluminum
plant maintenance plant washings 18 recycle water
heating gas heating water 1100 recycle water
sanitary sanitary water 5900 recycle water
sanitary sewage sludge 7  recycle  water
equipment maintenance slop oil 830 recycle oil
equipment maintenance compressor oil (gas) 4 eliminate none
storage steel barrels (18kg/drum) 0.4 recycle steel
equipment maintenance expand/comp oil 0.2 recycle oil

Trinidad and Tobago Methano! Gas Company Limited

Table 5.29 lists the wastes from this plant, their masses, final destinations and train resuits,

Figure 5.3 illustrates the treatments required at the plant and the estate treatment facility for these wastes.

Measures must be taken to eliminate freon as a waste due 1o its action as an ozone depleting substance
and, if a change of freon is required, it should be captured and recycled. For zinc oxide, nickel catalyst

and molecular sieve, other off-site markets should be examined to determine potentials for resale.



Table 5.29 Waste from the Trinidad and Tobago Methanol plant and their final destinations and results.

Process Waste Mass, Final Final Result
t/year Destination
methanol production water 1191400 recycle water
cooling cooling water 52600 recycle water
heating carbon dioxide/water 18000  disposal  landfill
heating boiler blowdown 33 recycle water
cooling/cryogenic freon 0.3  eliminatc none
equipment maintenance solvent 5 recycle solvent
equipment maintenance nickel catalyst 3. potential sale nickel
equipment maintenance zinc oxide 0.9 potential sale zinc
equipment maintenance copper catalyst 60 recycle copper
equipment maintenance nickel/molybdenum 1 recycle nickel/molybdenum
equipment maintenance molecular sieve 0.3 potential sale aluminum
equipment maintgnance Iubrication oil 0.4 recycle lubrication oil
equipment maintenance oil filters (2kg/filter) 0.2 disposal airflandfill
equipment maintenance regeneration water 2600 disposal landfitl
equipment maintenance spent anion resin 3 disposal landfill
equipment maintenance spent cation resin 4 disposal landfill

Fertilizers of Trinidad and Tobago

The wastes from this plant (including the urea plant), their final destination and results are listed
in Table 5.30. Figure 5.4 illustrates the treatments and destinations required for these wastes. Although
ammonia was listed as being not treatable, it should be recycled back into the manufacturing process - a
better alternative would be to minimize loss of this product. Markets for a number of the metal wastc
products need to be determined, as does a market for the molecular sieve. The salt water system should be
examined more carefully and the cooling tower rebuilt to reduce the volume of warm waler being
discharged into Couva Bay and to reduce the amount of biocides and anticorrosives being used.

The ammonia cooling water requires a number of treatments to enable it to be land treate:,
Efforts should be made to reduce the contaminants in this waste, especially ammonia, which would then
reduce the treatments required. Heavy metals in the lrieth)-'lene glycol and monoethanolamine should also
be reduced to increase the options for disposal for these materials. At present, there is no acceptable
disposal method for triethylene glycol while monoethanolamine requires incineration and treatment of

emissions.
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Figurc 5.2 The treatments and destinations of the wastes produced by Phoenix Park Gas Processors Ltd.,

showing the treatments required on-site at the plant and at the estate treatment facility.
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Figure 5.3 The treatments and destinations of the wastes produced by the Trinidad and Tobago Methanol

plant, showing the treatments required on-site at the plant and at the estate treatment facility.
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Table 5.30 Wastes from the Fertilizers of Trinidad and Tobago plant, their final destinations and results.

Process

process - ammonia
process - urea

process - urea
equipment maintenance
equipment maintenance
equipment maintenance
equipment maintenance
equipment maintenance
equipment maintenance
equipment maintenance
equipment maintenance
equipment maintenance
equipment maintenance
equipment maintenance
equipinent maintcnance
equipment maintenance
equipment maintenance
equipment maintenance
equipment maintenance
equipment maintenance
equipment maintenance
equipment maintenance
cquipment mainlenance
cquipment maintenance
equipment maintenance
plant maintenance
heating - ammonia
cooling - ammonia
cooling - urea

heating - vrea

salt water cooling

Wastes

ammonia
ammonia

urea process water
regenerate
monoethanolamine
triethylene glycol
solvent

activated carbon
canister filters
molecular sieve
reformer tubes
cobalt/molybdenum
zing oxide

nickel oxide
nickel chromium
zinc/copper
iron/chromium
nickel

iron oxide
lubrication oil

oily wastes

water

scrap steel

spenl anion resin
spent cation resin
sanitary water
heating water
ammonia cooling water
urea cooling water
urea heating water
salt water

Mass, t/year

-
890
90
24000
110
3
0.7
0.3
0.05
04
20

4

6

20

8

40
20

3

70
41

2

1380 -

60

0.2

0.2
408,800
2,783,000
1270

1220
296,300
17,870,400

Final
Destination
eliminate
eliminate

disposal
recycle
disposal
disposal
recycle
disposal
disposal
recycle
recycle
recycle
recycle
recycle
recycle
recycle
recycle
recycle
recycle
recycle
. recycle
recycle
recycle
disposal
disposal
recycle
recycle
disposal
recycle
recycle
recycle

Final Result

nong

none

effluent

water

air

air

solvent
effluent
air/landfill
aluminum
iron
cobalt/molybdenum
zinc

nickel
nickel/chromium
zinc/copper
iron/chromium
nickel

iron oxide

oil

il

water

scrap steel
landfill
landfill

waler

water
landtreatment
water

water

salt water
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Figure 5.4 The treatments and destinations of the wastes produced by the Fertilizers of Trinidad and

Tobago plant (including the urea plant), showing the treatments required on-site at the plant and at the

estate treatment facility,



Caribbean ISPAT Ltd.
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Table 5.31 lists the wastes from the ISPAT plant, their masses, final des_tinau‘ons and results

while the required treatments and destinations for wastes are illustrated in Figure 5.5. There is no

_ recommended disposal method for the cesium as there are no facilities to dispose of this waste in an

‘ acceptable manner on the island. Possible alternative mechanisms should be investigated to eliminate this

waste.

Table 5.31 Wasles from the ISPAT plant, their final destinations and results.

Process

DRI production

DRI production

lime production

steel production

steel production

stecl production
equipment maintenance
equipment maintenance
equipment maintenance
equipment maintenance
equipment maintenance
cquipment maintenance
equipment maintenance
cooling

cooling

Wastes

COy/particulates - DRI
nitrogen
COy/particulates - lime
COy/particulates - steel
mill scale

slag

nickel catalyst
lubrication oil

oil filters (3 kg/filter)
cesium source

metal equipment

scrap steel

tires

cooling tower sludge
steel cooling water

Mass, t/year

985,116
149

102

814
5,400
108,000
60

250
1,870
0.1

12

1

12
22,000
27,630,500

Final
Destination
disposal
disposal
recycle
disposal
disposal
recycle
recycle
recycle
disposal

disposal
recycle
recycle
disposal
recycle

Final Result

landfill
air
carbon dioxide
landtreat
landfill
steel
nickel
oil
air/landfill

landfill
steel
steel

landfill
water

It was recommended that tires be recycled for their steei. According to plant personnel, the roads

at the ISPAT plant cause deterioration of vehicle tires very quickly and road upgrading and maintenance

would probably reduce the quantity of waste tires being generated. Tires are recycled on the island and the

potential for recycling these tires at those facilities should be investigated since this would probably be a

cheaper alternative than the recommended option. Incineration or landfilling of the remaining rubber

would be an option, according to the total list of treatment trains.
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Figure 5.5 The treatments and destinations of the wastes produced by Caribbean ISPAT Lid., showing the

treatments required on-site at the plant and at the estate treatment facility.
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Although there are baghouse filters on the meltshop, they are undersized for the faciiities and are
not maintained. It is important for employee health and safety that these particulate removal systems be

upgraded and new control facilities added as suggested.

Secondary Wastes

A significant volume of secondary wastes are produced by the treatments which will require
cither treatment or disposal. A total of 1,750,000 tonnes per year of secondary waste would be produced
by the recommended options. Examination of the total treatment table can provide some answers as (o the
potential for managing those secondary wastes. For example. a search of the table indicates that oil,
canister, paper and dust filters can be incinerated, then the ash landfilled; the emissions are accepiable,
once treated, for release. Tires may be recycled for their steel and the rubber landfilled. However, further

development of the model is required 1o incorporate a mechanism to handle secondary wastes more easily.

5.6 Model for Economic Analysis of Treatment Trains

At present the system does not include economic data although a mechanism and model for
incorporation of this data have been included in the system. The costs for treatments must take a number
of factors into account. Most treatment systems have a minimum equipment size and, consequently, a
minimum material volume. Below that volume, the total cost of constructing and operating the facility is
constant, so the cost per volume of material increases as the volume decreases.

Once the material volume reaches the minimum, however, the cost per volume tends to decrease
as the scale of the facility and equipment increases to a maximum. Beyond this maximum, more than one
facility is required so the costs again increase. Conscquently, to determine the cost per velume of material
for a group of industries, the following information is needed:

the minimum and maximum capacities of treatment equipment or facilities;
special equipment requirements as indicated by material parameters;

minimum construction cost;
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minimum operating costs;

cost/volume material treated above the minimums;

cost of input materials; and

vq]ue cf waste materials sold for recycling.
Rather than determining the cost per individual treatment train. the cost would be assessed per treatment.
Once treatment trains are matched and the final options for a treatment system have been sclected, the
secondary wastes being produced by the treatmenls can be listed and defined. These wastes are evaluated
against the selected treatment trains to determine if they can be successfully treated; if not, then new
treatment trains must be included. Once ail secondary wastes have been considered, any tertiary wastes
from those treatments must be considered, until all wastes have been evaluated.

The total volume of material treated by a treatment can then be determined, as well as the total
volur.ne of all outputs. The cost of all treatments can then be calculated to determine the cost per voiume
of recycled material and this can be compared with the cost per volume of raw material anﬂ the disposal
costs of the waste materials.

Such a comparison would not include the environmental and social costs of waste disposal, which
can be significant but are usually borne by either the government or the individual (Micheal, 1991). In
developing countries with no environmental standards, discarding wastes into the environment often
results in damage to the environment and human health, and these effects should also be considered
(Durning, 1991). Future liabilities are aiso not included: although these can also be significant

(Hirschhorn and Oldenburg, 1991).

5.7 Further Improvements to the KBDSS
In addition to the economic mode! described above, the system would requirc further
improvements before it could be considered fully utilizable for a specific application. This section outlines

some of the improvements required.
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1. The results from the system require further validation to both improve the present system and 1o ensure
that the results can be presented as viable solutions. Such validation could include:
bench testing of the given treatment input limits and output formulae to determine the accuracy of
those formulae;
bench testing of the waste materials to determine the acceptability of the treatment trains and the

characteristics of the final results, particularly with regard to the stated requirements of the
needed result.

2. The present system does include forms for the user to complete to input data into the data base and the

knowledge base. However, assistance is needed by providing "help” dialogue fo-r the user to define the

meaning of the parameters and to give a better understanding of the operation of the program.

3. In addition to the economic data, environmental and human health data should be included to provide

some indicatién of the potential threat to the environment and human health. This could be incorporated

as a "relative risk" factor, where materials of concern are given a relative rating.

4. The current system does not include materials required for proposed treatments (e.g. acids or bases for

ncutralization or flocculants for precipitation} as inputs to the plant, but these should be considered once

the recycling options for wastes have been selected,

5. At present, Ontario regulation standards are being used to determine the acceptability of a material for

disposal to the environment. Further details on the specific site and the actual capacity of the local

cnvironment to accept the material should also be included in the system database, as well as a model to

calculate acceptable disposal parameters from such information. This would include information such as

river or stream flow volumes, ground water table, soil information, prevailing wind speeds and directions,

etc. This would allow managers of industrial estates where environmental standards do not exist to better

understand the capacities of the environment and to set site-specific standards for the estate.

6. The data and knowledge base would require upgrading to include more of the inputs and treatments

available on the specific industrial estate and the local area. The greater the data base, the greater the

potential for finding recycling options,
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7. The model requires further development to determine options for managing seccondary wastes, once an

option for a waste has been selected.

58 Summaq

Four industrial plants, a methanol, fertilizer/ammonia, natural gas and stecl plants, located on the
Point Lisas Industrial Estate in Trinidad, were selected as the case study for this rescarch. A total of 73
wastes were produced by the four plants, 44 different types of wastes.

The system generated c;ver 4,600 treatment train options for treating the plant wastes. By
selecting trains using three selection options (length of treatment train, mass of secondary waste, potential
for co-treatment of wastes), the preferred treatment trains for each waste and ihe potentials for co-
treatment were determined. The suggested options were then examined to determine which would entail
the fewest treatments yet treat the greatest number of wastes and recommendations were made for reuse
and recycle of the wastes on the estate. The treatment train table can be further examined to determine
options for managing secondary wastes. Once costs have been introduced into the system, the user will
have another criterion to assess the recommended options.

Chapter six will present the conciusions and recommendations for further work arising from this

research.
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6.0 Conclusions and Recommendations

6.1 Research Summary

Achieving sustainability requires that the concept of the consumer society must be replaced by a
conserver society, in the hope that resources will be available for future generations. Production systems
must be designed with sustainable and environmental concerns as priorities. Implementation of a waste
management program which incorpbrates waste reduction, material recovery and recycling and disposal
with minimal environmental impacts is necessary to meet the goals of sustainability. Such a program
should be incorporated at 2 number of levels to attain the most effective results. At the community level,
the concept of industrial ecology, where a group of industries on an industrial estale operate as an
ecosystem, can be implemented. By comparing the wastes produced by the plants with thc inputs those
plants require, the potentials for reusing or recycling those wastes and the treatments required for
recycling those wastes can be determined. The requirements for co-treating those wasles for disposal can
also be considered. This overall process should be termed integrated resource management, since this
requires the managers to consider byproducts as resources rather than wastes.

A mechanism for assisting and promoting integrated resource or waste management is urgently
needed in developing countries, where environmental legislation is minimal and sound wastc management
practices are not practiced, To meet the needs of those countries, any system would have to be
inexpensive, include a mechanism for selecting standards and require minimal equipment and expertise to
run.

The goals of this research included:

a) Development of a prototype knowledge based decision support system for determining the treatment
trains ﬁecessary for successfully recycling a waste as an input (recycling or reuse) or treating it for

disposal;

151
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Y} Determination of the input limits and formulae to define o_utpuls from treatments, including secondary
wastes from the treatments, using published data from a variety of sources;

¢) Consideration of the concerns of developing countries, regarding cost, equipment, expertise and
legislation, for integrated resource management planning; and

d) Collection and analysis of data from induslries.located on the Point Lisas Industrial Estate, Trinidad to
be used as a case study application for the prototype system.

A prototype knowledge-based decision support system was developed to compare the parameters
of the inputs and wastes of different industries and determine the treatment required, if any, to recycle
those wastes as inputs. The treatments required to meet Ontario standards for disposal of the wastes were
also determined. The specific number and order of treatments required was termed 2 treatment train and
was determined through exhaustive searching. A maximum of 10 treatments could be used in a treatment
train. The kn‘owledge base included the input limits for cach parameter for 25 treatment processes and the
formulae that define the output parameters from the treatment. The parameters depend upon the state of
the byproduct material and a total of 29 parameters were included. The input limits and formulae could be
revised to accommodate specific treatment parameters of an existing system. The system also determined
the volume of the secondary wastes produced by the treatment train.

The developed system selects input materials that contain components found in the waste
material. The characteristics of that material are then compared with those required by each selected input
material. The system then selects treatments that will produce the changes needed to match the waste to
the input material. The input limits are compared to those of the byproduct; if they fit, the output
characteristics are then calculated and the resuits compared with the input material to determine if they
match. The process continues until the materials match, ten treatments have been selected or no further
treatments are available.

Once the material has been compared to all inputs. it is compared with the characteristics

required for disposal to the environment, and the treatments needed to match those characteristics are
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determined. The system allows the user to sort the resulting treatment trains ;mcording to length of

treatment train, matching of treatment trains and volume of secondary wastes produced.

To test the .system, the inputs, products and wastes from four industries on the Point Lisas
Industrial Estate, Trinidad were incorporated into the data base. Evaluation of the facilities indicated that
a number of fugitive wastes were not included in the data and, with the information available, could not be
estimated. Moreover, improved maintenance and operating practices, changes in chemicals and
equipment and changes in processes would also significantly reduce the volume of wastes being produced.
A total of 73 wastes were incorporated into the data base.

The program produced over 4,600 treatment trains, with 7 waste materials which could not be
treated to match an input or a standard for disposal. By selecting trains with the lower masses of
secondary wastes, matching treatment trains for co-treatment and selecting the shorter treatment trains,
ﬁnal‘options for treatment were determined. Economic data has yet to be incorporated into the 'systcm,
although a mechanism for such an incorporation has been included in the developed protoiype.

This research provided the following contributions to academic knowledge:

a) Development of a prototype knowledge based decision support system for determining all possible
treatment options for successfully treating a waste to attain the parameters of an input (recycling or
reuse) or a specified regulation (disposal);

b) Development of a model for selection of treatment options for each waste using one or more of the
following criteria:
i) number of treatments in an option equal to or less than the third fewest, second fewest or the fewest
(as selected by the user) treatments per option;
ii) a mass equal to or less than the third lowest, second lowest or lowest mass (as selected by the user)
of secondary wastes from the treatment option; and
iii) matching of treatments to permit maximum co-treatment of wastes;

c} Incorporation of different types of wastes (i..e. gases, liquids, sludges and solids) and wastes from

different producers into the developed prototype system;
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d) Determination of the input limits and formulae to define outputs from treating a matenal with a
specified treatment, including secondary wastes from the treatments, using published data from a
variety of sources;

¢) Development of an approach that considers the concerns of developing countries, regarding cost,
equipment, expertise and legislation, for integrated resource management planning.

The remainder of this chapter contains the conclusions and recommendations from this research.
6.2 Conclusions

6.2.1 Developing countries often have little environmental legislation to control disposal or discharge of
industrial wastes and have few facilities to treat such wastes. Consequently there is often little knowledge
regarding the.costs and consequences of discharging industrial waste by an industry and the damage to
human health and the environment is often undocumented. Moreover, the lack of environmental
standards and awareness of costs for waste disposal has resulted in a lack of interest and knowledge in
waste minimization in developing countries and potentials for waste reduction, recycling or reuse that

could reduce costs have not been fully explored by industries in developing counties.

6.2.2 By matching the major components and parameters of 2 waste material with the requirements needed
for an input, the potentials for reuse or recycle can be determined. Changes which are needed to match
the input requirements can be effected by a series of treatments, each of which change the parameters of
the waste material. The series of required treatments is termed a treatment train, Once all treatment
trains have been defined for a group of wastes, the final selection of treatment options can be made to
provide an optimal waste management system. Selection o! :reatment trains with few treatments of which
broducc low volumes of secondary wastes assists in reducing the final train costs. as does co-treating

wastes.



155

6.2.3 To determine if a treatment will effectively treat a specific material, bench tests are necessary for
most treatments. However, an indication of the potential for treating a specific material by a treatment can
be defined by the parameters of a material. Bench tests are also necessary to more accuralely characterize
the outputs from a treatment. Sufficient data were available to derive formulae that approximated or

estimated the output characteristics for the treatments included in this rescarch.

6.2.4 There is a paucity of literature defining input parameters and the characteristics of the output stream
for-waste treatments. Therc was sufficient information to define or cstimate the range of inputl parameters
that can be treated by a treatment and the range of the output characteristics thal are produced. However,

it must be recognized that the operating conditions of a specific treatment would further define those

ranges.

6.2.5 Outputs from treatments may be defined by a formulae. e.g. sludge production from anaerobic
digestion (Metcalf and Eddy, 1978). Other treatments may remove a percentage of the input component,
e.g. 97% of particles are removed by sand filtration. Finally, the resulting componcnt may be a set
amount, dependent ‘upon the properties of that component in the overall material; for example,
neutralization will produce a specific pH of 7. In some caszs, the final result is a maximum; ¢.g. dissolved
oil flotation will leave no more than 20 ppm and if the input oil level is less than thal.l then the input
amount will remain. Any decision support system which assesses treatment potentials must allow for

either a formulae or a set amount to be used,

6.2.6 Much of the wastewater from the plants in the case study should be treated and reused. Since much
of Trinidad suffers from water shortages, this would alleviate some water shortages in the area. Moreover,
other potentials for reusing and recycling wastes should be further examined by the producing companics
and the industrial estate managers to both improve econemic return and to reduce the disposal of those

wastes into the environment.
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6.2.7 The prototype system was able to perform the following tasks:

identify wastes from the case studies which could be reused as inputs without treatment and those

which could be recycled as inputs;
determine all treatment options which could be used for recycling the case study wastes or treating

them for disposal;

calculate the total quantity of secondary wastes generated by a treatment train and the quantity of the
wasle material remaining after each treatment;

select trains equal or shorter than the 3rd, 2nd or shortest treatment trains or those trains which
produced equal or lower secondary wastes than the 3rd. 2nd or lowest total secondary wastes to assist
the user in making a selection of treatment cptions;

match treatment trains for selection of options for co-treatment of wastes produced by more than one
plant anci

identify wastes which could not be treated for cither recycling or disposal using the treatments

incorporated into the data base.
6.3 Recommendations

6.3.1 The results from the system require further validation to both improve the present system and to
ensure that the results can be presented as viable solutions. Such validation could inciude:
bench testing of the given treatment input limits and output formulae to determine the accuracy of
those formulae;
bench testing of the waste materials to determine the acceptability of the treatment trains, the

characteristics of the final resuits and the acceptability of the final product.



157

6.3.2 Further work is required to adequately define the input limits and output formulae of most of the
treatments with regard to the general parameters sclected and to determine if a broader range of

parameters is necessary.

6.3.2 The following economic/capacity data are needed to incorporate costs into the system:
the minimum and maximum capacities of treatment equipment or facility;
special equipment requirements as indicated by material parameters;
minimum construction costs;
mirimum operating costs; and

construction and operating cost per volume of material treated above the minimum capacity.

6.3.3 The system requires a mechanism to consider input limits for treatments that are dependent upon
either other limits or material volumes. For example, Woods (1994a) indicates that the input limit on

particles for filtration may be dependent upon particle size.

6.3.4 The present system does include forms for the user to comptete iv input data into the data base and
the knowledge base. However, assistance is needed by providing "help” dialogue for the user to define the

meaning of the parameters and a better understarding of the operation of the program.

6.3.5 In addition to the economic data, environinental and human health data should be included to
provide sorme indication of the potential threat 10 the environment and human health. This could be

incorporated as a "relative risk" factor, where materials of concern are given a relative rating.

6.3.6 The current system does nct consider inputs to treatments as inputs to the system, but these also

have to be examined when evaluating wastes for recycling. These inputs include materials such as acids
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or bases for neutralization or flocculants for precipitation. However, the costs of input materials are

usually included in the operating costs of the treatment.

6.3.7 Ontario reguiation standards were used to determine the acceptability of a material for disposal to
the environment. However, further details on the specific site and the actual capacity of the local
environment to accept the material should aiso be included in the system database, as well as a model to
calculate acceptable disposal parameters from such information. This would include information such as
river or stream flow volumes, ground water table, soil information, prevailing wind speeds and directions,
ctc. This would allow managers of industrial estates where environmental standards do not exist to better

understand the capacities of the environment and 1o set site-specific standards for the estate.

6.3.8 The data and knowledge basc require upgrading to include more of the inputs and treatments
available on the industrial estate and the local area. The larger the data base, the greater the potential for

finding recycling options.
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Appendix 1 Treatment Input Limits and Output Formulae

This appendix includes tables of the criteria used to define the acceptable inputs for each
treatment and the formulae to define the parameters of the cutputs from those treatments. The formulae
are derived from published information as presented in Chapter 4. "No reference” indicates that the
criteria or formulae were estimated using other information .

It must be recognized that the input and cutput parameters for a treatment are highly dependant
upon equipment desién and operating procedures. The values used for these treatments were averaged, if
sufficient information was avatlable. In some casez, values had to be estimated as no information was
available or requirements were vague (e.g., metallic salts have io be kept low to prevent corrosive
depositions from forming during incineration according to Brunnei (1991)).

Acceptable input parameters may be expressed in a range. According to Woods (1994a) the
range of a parameter that is acceptable may be dependant upon another variable; for example, the
acceptable concentration may be dependant upon the particle size when considering magnetic separation.
At present, the developed system is not able to make that determination; it considers all input paramelcrs
to be independant.

Depending upon the process and the authority consufted, some treatment outpuls may be
determined by either a formula or a specific number. This system allows the user to use onc or the other
or to define the output according to the operating parameters of an existing treatment system. Where a
range of efficiency for a treatment was indicated, an average of the range was used. It must be recognized
that the parameters, with the exception of pH and particle size, were in ppm and, when calculating mass,
this must be taken into consideration.

The formulae use shortened forms for each parameter (Tables Al.1 and Al.2) while the input
masses are referred to as My and the output mar s are M. Formulae were derived. where possible, from

available literature and are based on mass-balance principles.
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Table A1,2, The parameters used for each state and the shortened version used in the formulae.

Gas Parameters

corrosivity
volatiles

oil

water

heavy metals
particulates
particulate size
CFC

COy

50,

NO,

Cl

NHj3

Sludge Parameters

pH

CcOoD

solvent

oil

water

heavy metals
particulates
particulate size
dissolved solids
TN

sulphur

iron

toxics

ash

The formulae were derived using basic mass balance principles from available data. Where a

Acronym

pH
Vol
Qil
Wai
HM
Part
PS
CFC
cQ2
SO2
NOX
Ci
NH3

Acronym

pH
COD
Vol
Qil
Wat
HM
Part
PS
DS
TN
S
Fe
Tox
Ash

Liguid Parameters

pH

CQOD

solvent

oil

water

heavy metals
particulates
particulate size
dissolved solids
NO;y

NH;

sulphur

PO4

ioxics

Solid Parameters

leachate pH
COD

solvent

oil

water

heavy metais
iron

other metals
soluble solids
toxics
particle size
paper/cardboard
plastic/rubber
ash

Acronym

pH
COD
Vol
Qil
Wat
HM
Part
PS
DS
NO3
NH3
S
PO4
Tox

Acronym

pH
CcoD
Vol
Qil
Wat
HM
Fe
oM
5S
Tox
PS
Pap
Plas
Ash

removal efficiency was available, e.g. 97% removal of oil, the resuiting formulae would be:

for output 1:

0.03*Qil*mass ) /mass;

and for output 2:

0.97*0il*mass)/mass,



where
mass| = original mass and
massy = mass of output.
When a specific amount of a material is left in the output, e.g. 20 ppm of oil, the resulting formulae
would be for output 1:
20 ppm
and for output 2:
(Oil*mass | -20*(mass 1 -mass2))/mass)
where:
mass| = original mass
massy = mass of output
dil = quantity of oil in wastes, ppm.

For treatments for liquid materials where a sludge or solid output results, some allowances must
be made for the liquid fraction of the sludge or solid. If the original liquid fraction contained oil, solvent
or water, then the sludge or solid will contain some amount of these liquids,

In calculating changes from liquid to gas, some approximations have been made. COD is
assumed to be approximately 97% of the theoretical oxygen demand (Murphy, 1994). In considering
solvents and oils, they are assumed to have a hydrocarbon formulae of CHj 4. Solvents arc assumed to
be non-chiorinated; however, it must be recognized that this may not be the case. Qils are assumed to be
generally non-soluble, with 20 ppm in emulsion (Rhee et. al, 1987). Incincration of lg of oil or solvent
{0.857g C and 0.143g H) therefore produces 3.14g CO9 and 1.29g H40.

Gas parameters are often mey ‘red as pg/mS. However, for the purposes of mass balances, this is
not practical, so 1 m3 of air is assumed to have a weight of 1.25 kg (Weast, 1972). For incineration,
paper/cardboard and plastic/rubber are assumed to have the components listed in Table Al.3. Combustion

products are listed in Table A2 4.
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Table A1.3. Components of paper/cardboard and plastic/rubber (estimated from Tillman, Rossi and Vick,

1989).
Componcent Paper/Cardhoard Plastic/Rubber
C 34.7% 49.8%
H 4.70 6.58
N 0.16 1.09
Ci 0.24 3.98
S 0.20 0.73
H,0 21.0 12.5
Ash 6.5 15.5

Table Al.4 Combustion products from 1 kg of paper/cardboard and plastic/rubber, with 100%

combustion (estimated from Tillman, Rossi and Vick, 1989).

Combustion . Amount Produced per kg of Material

Products Paper/Cardboard Plastic/Rubber
COy 1270 g 1830 g
H,0 633 717
NO, 53 35.8

Cl 240 398

SO, 40 146
Ash 65 155

1. Fixed Hearth Incineration

Table ALS Fixed hearth incineration input criteria - organic carbon destruction

Fixed Hearth Input - solid Reference
Incineration
ash <500.000 ppm estimated

Table A1.6 Fixed hearth incineration input criteria - toxic organic destruction

Fixed Hearth Input - solid Reference
Incineration
ron-metal toxics >lppm Librizzi and Lowery, 1950

ash <999,999ppm Librizzi and Lowery, 1990



Table A1.7 Fixed hearth incineration - solid output formulae

Solid Qutput Formulae References
mass (M) {(Ash/1000000)*M} + L.55 est. Oppelt, 1991
leachate pH
CoD (.00005*COD*M)/M5 Oppelt, 1991
solvent {(.00005*Vol*M )My Oppelt, 1991
oil (.00005*0il*M ;)/M» Oppelt, 1991
water (.00005*Wat*M Y M, Oppelt, 1991
heavy metals (.3¥*HM*M /M, Brunner, 1993
iron (.S*FE*M)M»y Brunner. 1993
other metals {4*OM*M )My Brunner, 1993
soluble solids (.5%S8*M|)/My
non-metal toxics (.00005*Tox*My)/M, Oppelt, 1991
particle size PS
paper/cardboard (.00005*Pap*M)/M, Oppelt, 1991
plastic/rubber (.00005*Plas M1)/M, Oppelt. 1991
ash 9999950 Oppelt, 1991
Table A1.8. Fixed hearth incineration - gas output formulae
Gas Output Formulae Reference
mass (M -(Ash*M;/1000000))+.27*

COD*M /1000000
corrosivity
volatiles 0
oil 0
water {0.48*COD*M )M, esl. from Tillman, Rossi and Vick, 1989
heavy metals (A4*¥HM*M()/M7 " Brunner, 1993
particulates .067 ppm est. from Brunner, 1991
particulate size  <.3mm Brunner, 1991
CFC 0
COy (1.03*COD*M )My Brunner, 1991
S0, ((.15*Plas+.04*Pap)*M| My Tillman, Rossi and Vick, 1989
NO, <13 ppm Brunner, 1991
Cl ((.2*Pap+.4*Plasy*M | /My Brunner, 1993
NH3 0

2. Magnetic Separation

Table A1.9. Magnetic separation - input criteria

Magnetic Separation  Input - solid Reference
iron >100 ppm Woods, 199%4a
particle size >45mm Woods, 199%4a



Table A1.10. Magnelic separation - ferrous solid output formulae

Solid Output
mass (M)
leachate pH
COD

solvent

oil

water

heavy metals
iron

other metals
soluble solids
toxics
particle size
pap/cardboard
plastic

ash

Formulae

(.95*Fe/1000000)*M,

pH
(.03*Qi*M | ¥YM,y
0
(O1*0il*M)/M2
(01*Wat*M;)/M,y
(.O5*HM*M)/M>y
990,000 ppm
50,000 ppm

0

0

PS

0

0

990,000 ppm

Referénce
Woods, 1994a

Woods, 1994a
Woods. 1994a
Woods. 1994a

Woods, 1994a

Table Al.11. -Magnetic separation - non-ferrous solid formulae

Solid Qutput
mass
leachate pH
CcOD

solvent

oil

water

heavy metals
iron

other metals
soluble solids
toxics
particle size
pap/cardboard
plastic

ash

Formulae

M;-(.95*Fe/1000000*My)

pH

(COD *M )M,
(Vol*M )M,
(.99*0il*M )M,
(.99*Wat*M|)/M,
(.99*HM*M )M,y
(.05*Fe*M )M,y
(.95*OM*M )M,
(SS*M )My
(Tox*M )M,y

PS

(Pap*M))/M,
(Plas*M )M,

((Ash - .95*Fe)*M, )M,

References
Woods, 19943

Woods, 1994a
Woeods, 1994a
Woods, 1994a

Woods, 19943
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Table A1.12 Anaerobic digestion - input criteria

Anaerobic Digestion
pH

COD

solvent

oil

heavy metals
particulates
particulate size
dissoived solids
TN

sulphur

iron

toxics

Input - sludge
6.5-7.7

20,000 - 2,700,000 ppm
<500 ppm
<100 ppm
<100 ppm
<500,000

<5 mm

<3000 ppm
<3000 ppm
<200 ppm
<209 ppm
<.05 ppm

Reference

Grady and Lim, 1980

Grady and Lim, 1980

Stronach, Rudd and Lester, 1986

Grady and Lim, 1980
Librizzi and Lowery, 1990

est, from Libnzzi and Lowery. 1990
Metcalf and Eddy. 1979

Grady and Lim, 1980

Librizzi and Lowery, 1990
Stronach, Rudd and Lester, 1986

Table Al.13 Anaerobic digestion - sludge output formulae

Studege Output
mass.

pH

COD

solvent

oil

water

heavy metais
particulates
particulate size
dissolved solids
TN

sulphur

iron

toxics

ash

Formulace

(45*M[*COD)/(1.9)+Wat'1000000)/M;

pH
(.1*COD*M )M

e 1*Vol*M /My

(.3*Oil*Ml)/M2
{(War*M )M,
(HM*M)/M,

((Part+(0.19*COD/1.9))*M)/M,

PS

(DS*M )My
(TN*MI)/M2
(3*M )/ My
(Fe*M()/M2
(Tox*M)/M,
(Ash*M )M,

References

Metcalf and Eddy, 1979
Metcalf and Eddy, 1979
Metcalf and Eddy. 1979
Metcalf and Eddy, 1979
Metcalf and Eddy. 1979
Metcalf and Eddy, 1979
Metcalf and Eddy, 1979
Metcalf and Eddy, 1979
Metcalf and Eddy, 1979
Metcalf and Eddy, 1979
Metcalf and Eddy, 1979
Metcalf and Eddy, 1979
Metcalf and Eddy, 1979
Metcalf and Eddy, 1979
Metcalf and Eddy, 1979
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Table A1.14 Anacrobic digestion - gas output formulae

Gas Output
mass
corrosivity
volatiles

oil

water

heavy metals
particulates
particulate size
CFC

COy

50,

NO,
Cl
NHj3

4. Belt Filter

Formulael
0.225*M1*CQD/1003000
pH

=]

OO QOO

3*Mj)

oo

Table A1.15 Belt filter - acid input criteria

Belt Filter - acid

pH
particulates
particulate size

Input - sludge Reference
<7.0

5,000-60,000 ppm Woods, 1934a
.2 -75mm Woods, 1994a

Table A1.16 Belt filter (acid inputs) - solid output formulae

Solid QOutput
mass
leachate pH
COD

solvent

oil

water

heavy metals
iron

other metals
soluble solids
toxics
particle size
paper/cardboard
plastic

ash

((1.3*Part)/1000000)*M;
<7
(.85*COD*M,)/M,

(.40*Part*(Vol/(Vol+Wat+Oil)}*M )M,

(.40*Part*(OiIl(VoI+Wat+0il))*M1)/Mz
(.40*Part*(Wat/(Vol+Wat+0il))*M | /M
(O01*HM*M !)sz

(.7*DS*M )M,
(01*Tox*M /M,
PS

0

0

(Ash*M)¥M,

Reference
Metcalf and Eddy. 1979

Metcalf and Eddy, 1979
Metcalf and Eddy, 1979
Metcalf ard Eddy, 1979

Metcalf and Eddy. 1979

References
Glysson, 1990

Glysson, 1990
Glysson, 1990
Glysson, 1990
Glysson, 1990
Corbitt, 1990

Glysson, 1990
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Table A1.17 Belt filter (acid inputs) - liquid ¢ *put formulae

Liguid Output
mass

pH

CoD

solvent

oil

water

heavy metals
particulates
particulate size
dissolved solids
NO3

NH;

sulphur

PO,

toxics

(M-(1.3*Part/1000000)*M))
27
(.15*COD*M)M»

Reference
Glysson. 1990

Glysson, 1990

((Vol*M1)-(.-4*Pan*Vol/(Vol+Wal+0il)*(MI—M;;_)))le Glysson, 1990
((Oil*M)-{.4*Part*Qil/(V ol+Wat+Qily*(M-M3))/M> Glvsson, 1990
((Wat*M)-(.4*Pan* Wav/(Vol+Wat+Oil)* (M -M5 1)/ Glysson, 1990
(.99*EM*M | )/ M3 Corbitt, t990
(.1*Part*M | VM,

<0.2 mm

{DS*vi )-(DS* . 4*Part*(M1-M»)))/M;
((NO3*M )-(.4*Part*NO3*(M | -M2)1)/M;
((NH3*M | )-(.4*Part*NH3*(M}-M>}))/M>
(.01*5*M )My
((PO4*M)-(4*¥Part*PO4*(M 1 -M>)))/M3
(.99*Tox*M;}YM»

Table AL.18 Belt Filter - basic input criteria

Belt.Filter - basic

pH
particulates
particulate size

Input - sludge Reference
>7.0

5,000-60,000 ppm Woods, 1994a
.2 -75mm Woods. 1994a

Table A1.19 Belt filter (basic inputs) - selid output formulae

Solid Output
mass

leachate pH
CcOD

solvent

uil

water

heavy metals
iron

other metals
soluble solids
toxics
particle size
paper/cardboard
plastic/rubber
ash

((1.3*Part)/1000000)*M |

>7

(.85*COD*M /M,
(4*Part*Vol/(Voi+Wat+Oil)*M) My
(.4*Pan*Oil/(Vol+Wat+0il)*M; M
(4*Part*Wat/(Vol+Wat+Oil)*M /M,
(.999*HM*M1y/M;

(DS* . 4*Part*M /My
(.01*Tox*M)/M>

P8

4]

0

(Ash*My)/M5

Glysson, 1990

Reference
Glysson, 1990

Glysson, 1990
Glysson, 1990
Glysson, 1990
Glysson. 1990
Corbiu, 1990

Glysson, 1990
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Table A1.20 Belt filter (basic inputs) - liquid output formulae

Liquid OQutput

mass Mj=(((1.3*Part)/ 1000000)*M1)

pH >7

CQD (.15*COD*M )My

solvent ((Vol*M  }-(.4*Part* Vol/(Vol+Wat+Oil)* (M -M»)/M,
oil ((OiI*M )-(4*Part*Oil/(Vol+Wat+0il)* (M) -M3))/Mp
waler ((Wat*M,; )-(.4*Pan*WaL/(Vol+Wat+0il)*(M1-M2)))/M2
heavy metals (.001 *HM"MI)IMZ

particulaies (.01*Part*M|)/M»

particulate size <0.2mm

dissolved solids ((DS*M)-(DS*.4*Part*(M-M5)))/M,

NO3 ((NO3*M )-(4*Part*NO3*(M | -M3)))/M»

NHj> ((NHS*MI)’(.4*Part*NH3*(Ml-M2)))fM2

sulphur (.001*5*M )M,

POy ((PO4*M)-(.4*Part*PO4*(M|-M3)))/M3

toxics (.99*Tox*M|)/M>y

Note: This treatment is also designated for fiquid wastes

5. Evaporation

Table A1.21 Evaporation - input criteria

Reference
Glysson, 1990

Glysson, 1990
Glysson, 1990
Glysson, 1990
Glysson, 1990
Corbitt, 1950

Glysson, 1990

Reference

Corbint, 1990

Evaporation Input Reference
solvent <800,000 ppm Corbitt, 1994
water , 300.000 -800,000 ppm Corbitt, 1994
particulates >200,000 ppm Woods, 19%4a
particulate size >0.01 mm Woeods, 19%4a
Table A1.22 Evaporation - solid output formuale

Solid Output Formulae

mass M -(((Vol+Wat-300000)/1000000)*M )
leachate pH pH

COD {COD-(3.29*Vol))*M /M

solvent 0

il Oil*M /M,

water 300,000 ppm

heavy metals HM*M /M,

iron

other metals

soluble solids DS*M /M,

*oxics Tox*M /M5

panticle size PS

pap/cardboard 0

plastic 0

ash Ash*M IMZ
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Table A1.23 Evaporation - gas output formuale

Gas Qutput Formulae Refercace
mass ({Vol+Wat-300000)/1000000)* M,

COITOSIVILY 0

volatiles {(Vol*M )My

oil 0

water ({(War*M)-(300000* (M} -M2)))/M>y Corbitt, 1990
heavy metals 0

particulates 0

particulate size 0

CFC 0

COy 0

50, 0

NO,, 0

Cl 0

NH;5 0

6. Multiple Hearth Incineration

Table A1.24 Multiple hearth incineration - input criteria

Mutitiple Hearth Input - sludge Reference
Incineration

water 500,000 - 850,000 ppm Brunner, 991

ash <900,000 ppm est. from Brunner, 1991

Table A1.25 Multiple hearth incineration - solid output formulae

Solid Qutput Formulae Reference

mass (Ash /1000000 *.87*M1) Schroeder, Cresculo, Campbell, and Cohen,
1981

leachate pH

COoD (.015*COD*M | )M» Schroeder, Cresculo, Campbell, and Cohen,
1981

solvent 0

oil 0

water 0 i

heavy metals (.85*HM*M1)YM, Brunner, 1991

iron (.85*Fe*M )My Brunner, 1991

other metals (.835*OM*M )My Brunner, 1991

soluble solids (.85*DS*M )My

toxics (.01*Tox*M )My Schroeder, Cresculo, Campbell, and Cohen,
1981}

particle size PS

paper/cardboard 0

plastic/rubber 0

ash (0.85*Ash*M)yMy Brunner, 1991
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Table A1.26 Mulliple hearth incineration - gas cutput formulae

Gas Output
mass

COTTOSIVILY
volatiles

oil

water

heavy metals
particulates
particulate size
CFC

CO,y

SO,
NO,
Cl

NHj

7. Activated Sludge

Formulae Reference
M;-(Ash/1000000*.87*M} )+ Schroeder, Cresculo. Campbell, and
.27*COD*M1/1000000 Cohen, 1981

4 est. from Brunner, 1991

0.02*Vol*M /M, Brunner, 1991

0.02*Qil*M /My Brunner, 1991

0.48*COD*M /M,

0.15*HM*M 1M2
0.15*Pait*M /M,
<.Jmm

0
0.79*COD*M /M5

O.IS*S*M]fMZ
O.IS*TN*leMz

0

Table A1.27 Activated sludge - input criteria

Activated sludge

pH

COoD

solvent

oil

h=avy metals
particulates
particulate size
NHj

sulphur

toxics

Input - liquid

6-8

50 - 15,000 ppm
<200 ppm

<20 ppm

<100 ppm
<1500 ppm
<.05mm

<400 ppm

<200 ppm

<100 ppm

Brunner, 1991
Brunner. 1991
Brunner, 1991

Schroeder, Crescule, Campbell, and
Cohen, 1981

Brunner, 1991

Brunner. 1991

Reference

Metcalf and Eddy, 1979

Grady and Lim. 1980

Dyer, Vernick and Feiler, 1981
Metcalf and Eddy, 1979
Metcalf and Eddy, 1979
Metcalf and Eddy, 1979
Metcalf and Eddy, 1979
Metcalf and Eddy. 1979
Metcalf and Eddy, 1979

Dyer. Vernick and Feiler, 1981



Table A1.28 Activated sludge - liquid output formulae

Liquid Output Formulae

mass M;-((225*COD)/1000000*M)

pH pH

COD .10*COD

solvent (.5*Vol*M|)/My

oil (.9*0Oi*M /My

water (Wat*M 1 /M>

heavy metals (4*HM*M My

particulates 5 ppm-

particulate size PS

dissolved solids (DS*M )My

NO5 (.9*N03*M1)/M2

NH3 (.6*NH3*M; )M,

sulphur (S*M1)VMq

POy ((PO4*M)-(.022*COD*PO4))*(M -
Mon)yMp

toxics (.5*Tox*M1)/M;

Table A1.29 Activated sludge - wasted liquid output formulae

Liquid Qutput Formulac

mass {125*COD)/1000000*M

pH pH

COD 10*COD

solvent 0

oil 0

water 9*Wat*M /M,

heavy metals {(6*HM*M )My

particulates ((.225*COD+Part)*M)/M;

particulate size PS

dissoived solids (DS*M )M

NO; (.9*NO3*M| )M,

NH3 (.6*NH3*M1)J'M2

suiphur (S*M )My

PO4 ((PO4*M)-(.022*COD*PO4))*(M -
M2))/My

toxics (.5*Tox*M{)/M;

8. AP1 Oil Separation

Table A1.30 AP! oil separation - input criteria

API Separation Input - liquid Reference
oil <1000 ppm Woods, 1994a
particulates <2500 ppm Woods, 1994a

particutate size 025 -2mm Woods, 1994a

References

Metcalf and Eddy. 1979
Metcalf and Eddy, 1979
Metcalf and Eddy. 1979

Dyer. Vernick and Feiler, 1981
Dold. 1989

Metcalf and Eddy. 1979

Dyer, Vernick and Feiler, 1981
Metcalf and Eddy, 1979

Meicalf and Eddy. 1979
Metcalf and Eddy, 1979
Dold, 1989

Metcalf and Eddy. 1979

Dyer. Vernick and Feiler, 1981

References

Metcalf and Eddy, 1979
Metcalf and Eddy, 1979
Meicalf and Eddy. 1979

Dyer, Vernick and Feiler, 1981
Dold. 1989

Metcalf and Eddy. 1979

Dyer. Vernick and Feiler, 1981
Metcalf and Eddy. 1979

Metcalf znd Eddy, 1979
Metcalf and Eddy. 1979
Dold. 1989

Metcalf and Eddy, 1979

Dyer, Vernick and Feiler, 1981
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Table A1.31 API oil separation - oily liguid cutput formula

Qily liguid
mass

pH

COD
solvents

oil

water

heavy metals
pariiculates
particulate size
dissolved solids
NO5

NH;

sulphur

POy

toxics

Formulae
10*(.55*Vol+(0il-50)/1000000)*M1
pH

(1.5*COD*M, My

(.55*Vol*M )Mo+
(.45*Vol/(Wat+.45*Vol))*900,000
((Oi1*M )-(50%(M | -M7)¥M>
{(War/(Wat + .45*V!))*900,000
O*HM

(.1*Part*M | )M

<,02mm

.9*DS

J9*NO3

J9*NH3

9*5

9*PO4

(.5*%Tox*M)/M>y

Table A1.32 API oil separation - aqueous output formulae

Aqucous Output
mass

pH
COoD
solvents

oil
water

heavy metals
particulates
particulate size
dissolved solids
NO3

NH;3

sulphur

POy

toxics

Formulae

{.55*Vol+(0il-50)+.8*Part)
M-10%¢ 1000000 *
pH

((COD-(1.8*Va)}*M|)/M,

(Vol*M )-((.35*Vol*M )+
(45*Vol/(Wai+.45%Val)*900,000%(M | -M» )My
50 ppm

((War*M )-(Wat/(Wat+45*Vol)*900,000* (M, -
M2))/M,

(GIM*M )~ 9*HM*(M -M))) M

(.2*Part*M I ¥M»y

<.25 mm

((DS*M))-(.9*DS*(M-M2)))My
((NO3*My)-(.9*NO3*(M-M3))/M,
((NH3*M)-(.9*NH3*(M-M3)))/M;
((S*M1)-(.9*5*(M-M3)))/My
((PO4*M)-(.9*PO4*(M-M2))/M,
((Tox*M)-(.9*Tox*(M-M3))/M,

M))

References
est. from Jones, 1971

Jones, 1971
Jones, 1971

Jones, 1971

Woods. 1994a

Metcaif and Eddy. 1979
Metcalf and Eddy, 1979

Referenccs
estimated from
1971

Jones, 1971
Jones, 1971

Jones, 1971

Jones, 1971
Woods, 19%4a

Jones,

Metcalf and Eddy, 1979
Metcalf and Eddy, 1979
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Table A1.33 API oil separation - sludge output formulae

Sludge output
mass

pH

COD

solvents

oil

water

heavy metals
particulates
particulate size
dissolved solids
TN

sulphur

iron

toxics

ash

9, Carbon Adsorption

Formulae
10*(.8*Part*M1)/1000000

M

(1.8*COD*M)/My+.45*COD

{A5%Vol/(Wat+.45*Voi))*900.000

(Wat/(Wat+.45*Vol)y*900.000

.9*HM

100,000 ppm

>.25 mm

9*DS

(.03*COD*M | }Mp+9*(.23*NO3- 82*NH3)
9*§

.9*Tox
{100000-((.55*COD*M }/M4)

Table A1.34 Carbon adsorption - input criteria

Carbon Adsorption

COD

oil

heavy metals
particulates
dissolved solids
NO3

NH3

sulphur

POy

tOXICS

Input - liquid Reference
<10,000 ppm Lyman, 1978
<10 ppm Freeman, 1989
<100 ppm Lyman, 1978
<50 ppm Freeman, 1989
<1000 ppm Lyman, 1978
<1000 ppm Lyman, 1978
<1000 ppm Lyman, 1978
<1000 ppm Lyman, 1978
<1000 ppm Lyman, 1978
<10,000 ppm Lyman, 1978

Refercence
estimated from Joncs. 1971

Metcalf and Eddy. 1979
Gregory and Zabel, 1990
Metcalf and Eddy. 1979
Gregory and Zabel, 1990
Paimer et.al, 1988
Woods, 1994b

Corbitt, 1990
Metcalf aad Eddy, 1979
Palimer ct. al, 1988

est. from Mecicalf and Eddy. 1979
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Table A1.35 Carbon adsorption - liquid output formuale

Liquid Output
mass

pH

COD

solvent

oil

water

heavy metals
particulates
particulate size
dissolved solids
NO;

NH3

sulphur

POy

toxics

10. Disk Filter

Fermulae

M -((.8*(Vol+Qil)+0.9*Par+
0.5*D§)*M 1/1000000)
pH

(.2*COD*M )My
(.2*Vol*M )M,
(.2*Oil*M )My
(Wat*M)/M,
(.05*HM*M )M
(.1*Part*M )My

PS

(5*DS*M)/M3y
(NO3*M1)/My
(NH3*M1)/M,

(5*M )M,

(PO4*M )My
(.03*Tox*M | )/M»

Table A1.36 Disk filter - base input criteria

Disk Filter - base

pH

oil

particulates
particulate size

Reference

Lyman, 1978
Lyman, 1978
Lyman, 1978

Huang, 1978
Lyman, 1978

est. from Huang, 1978
Metcalf and Eddy. 1979
Metcalf and Eddy, 1979

Snoeyink, 1990

Input - liquid Reference

>7.0

<50 ppm

50 - 5000 ppm Perry and Green, 1984
>.0lmm Woods, 19%4a

Table A1.37 Disk filter - solid ocutput formulae

Solid Output
mass
leachate pH
COD

solvent

oil

waler

heavy metals
iron

other metals
soluble solids
toxics
particle size
pap/cardboard
plastic

ash

Formulae
1.3((.95*Part)/1000000)*M;

pH

(.60*COD*M{)/M»
(.29*Part*(VoI/(Vol+Wal))“‘MI)IMZ
(.5*0il*M )My
(.29*Part*(Wat/(Vol+Wat))*M )/My
(99*HM*M )M,y

99*Fe*M /M,

99*OM*M /M,

(.29*Part*D5*M /M,
(.29*Part*Tox*M))/My

PS

0

0

({.29*Part)*M /M,

Reference

est, from Corbitt, 1990
est, from Corbitt, 1990
est. from Woods, 1994a

Palmer et.al, 1988

est. from Woods, 1994a

est. from Woods. 1994a



189

Table A1.38 Disk filter - liquid output formulae

Liquid Qutput
mass

pH

cOoD

solvent

oil

water

heavy metals
particulates
particulate size
dissolved solids
NO5

NH3
sulphur

POy
toxics

Formulae

(M -((.95*Part)/1000000*M)

pH

(40*COD*M )M,

(Vol*M | -(.29*Part*Vol/(Vol+Wat)y* (M| -M2))/M»
(.53*0il*M )M,

(Wat*M-.29*Part* Wat/(Vol+Wat)*(M-M5))/M,
(. O1*HM*M /M, -
((.95*Part)*M )M,y

<0.01 mm

((DS*Ml)-(.29*Part*DS*(M l-Mz))/M?_
((NO3*M)-(.29*Part*NO3*

(M)-M))My

((NH3*M)~(.29*Part*NH3*

(M-M3))/My
((S*M)-(.29*Part*S*(M-M3))/M3

((POA*M |)-(.29*Part*PO4*(M | -M7))/M1
((Tox*M ) )-(.29*Part*Tox*(M|-M3))/M3

Table A1.39 Disk filter - acid input ¢riteria

Sand Filtration - acid

pH

oil

particulates
particulate size

Reference
est. from Corbitt, 1990

est. from Woods, 1994a

est. from Woods. 1994a
Palmer et.al, 1988

Woods, 1994a
est. from Woods, 1994a
est. from Woods. 1994a

cst. from Woods, 1994a
est, from Woods. 1994a

est. from Woods, 19940
est. from Woods, 1994a

Input - liquid Reference

<7.0

<50 ppm

50 - 5000 ppm Perry and Green, 1984
>0lmm Woods. 1994a

Table A1.40 Disk filter - solid output formulae

Solid Qutput
mass
leachate pH
CoD

solvent

oil

water

heavy metals
iron

other metals
soluble solids
toxics
particle size
pap/cardboard
plastic

ash

Formulae References
1.3((.97*Part)/ L000000)*M, est, from Corbitt, 1990
pH

(.60*COD*M )My est. from Corbitt, 1990
(.29*Pan*(Vol/(Vol+Wat))*M /My est. from Woods, 1994a
(.5%0il*M )M,

(.29*Pan*(WaU(Vol+Wat))*Ml)fM2

(.29*Party*HM*M | )/M3 Palmer ct.al, 1988
(.29*Part*Fe*M|)/My

(:29*Pant*OM*M )M,

(.29*Part*DS*M1}/M>y est. from Woods, 19944
(.29*Part*Tox*M) )/My

PS est. from Woods, 19942
0

0

(.29*Part*M;)/Mp
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Table A1.41 Disk filter - liquid output formulae

Liquid Output
mass

pH

COoD

solvent

oil
water

heavy metals
particulates
particulate size
dissolved solids
NOs3

NH3

sulphur

PO4

toxics

Formulae

(M ~((.95*Part)/1000000*M )

pH

(40*COD*M )M

((Vol*M | )-(.29*Part*Vol/(Vol+Wat)*(M -
M2))/M;

(.5*0il*M | )}/M,

((Wat*M }=(.29*Part* Wat/(Vol+Wat}*(M -
M;)/M; -
(HM*M ()-(.29*Part*(M-M))y My

(95 *Parl*Ml)le

<001 mm
((DS*Ml)-(.29*Part*DS*('M1-M2))/M2
((NO3*M 1)-(.29*PaII*NO3*(MI-M2))/M2
((NH3*M | )-(.29*Part*NH3*(M | -M>))/M
{(S*M 1)-(.29*Part*S*(M1-M2))/M2
((PO4*M)-(.29*Part*PO4* (M -M7))/M7
((Tox*M ) )-(.29*Part*Tox*(M-M3))/My

11. Dissolved Air Flotation

Table A1.42 Dissolved air flotation - input criteria

Dissolved Air
Flotation

pH

0i)

heavy metals
particulates
particulate size

Input - liquid Reference

6-8 Palmer et. al, 1988
<1000 ppm Woods, 19%4a
<100 ppm Palmer et. al, 1988
<750 ppm Woods, 1994a

<.] mm Woods, 1994a

Reference
est. from Corbitt, 1990

est. from Woods, 1994a

est. from Woods, 1994a
Palmer et.al, 1988

Woods, 1994a

est. from Woods, 1994a
est. from Woods, 1994a
est. from Woods, 1994a
est. from Woods, 1994a
est. from Woods, 1994a
est. from Woods, 1994a
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Table A1.43 Dissolved air flotation - liquid output formulae

Liquid Qutput
mass

pH
COD
solvents

oil
water

heavy metals
particulates
particulate size
dissolved solids
NO3

NH;

sulphur

POy

toxics

Formulae

55*Vol+(Qil-13)+.90*Pan
M}-10%( 1000000 *
pH

(2*COD*M /My
((VOI*M1)-.55*V01/(Wal+.55*VOI)*QOOOOO*(Ml-
Ma)N/My

20 ppm
((Wat*M1)—(WaU(WaH.S5*Vol)*900000*(M1-
M7))N/My

(CEM*M1)-( 9*HIM*(M | -M2))/M;
(.1*Part*M|)/M3

<.02 mm

(DS*M)-(.*DS*(M-M)))M3
((NO3*M{)-(.9*NO3*(M | -Mp)))/Ma
((NH3*M)-(.9*NH3*(M) -M2))My
((S*M)-(.9*S*(M-M)N/My
((PO4*M)-(.9*PO4*(M; -M;)) M,

((Tox* M )-(.9*Tox*(M)-M)/My

M1)

Table Al.44 Dissolved air flotation - waste liquid output formulae

Liquid Output
mass

pH

COD

solvents

oil

water

heavy metals
particulates
particulate size
dissolved solids
NO3

NH;

sulphur

PO4

toxics

Formulae
. (.55*%Vol+.9*Pari+(0il-15))*Mj
10%¢ 1000000 )

pH

(.8*COD*M )My
(.55*Val/(Wat+.55%Vol))*900,000
((OI1*M)-(20% (M M)/ My
(Wat/(Wat+.55*Vol))*900,000
9*HM

(.9*Part*M )My

0.1-.02 mm

9*DS

J9*NQ3

.9*NH3

9*5

9*POy

S¥Tox

References

lones. 1971
Rhee et. al. 1987

Palmer et, al, 1988
Rhee et. al, 1987

Metcalf and Eddy. 1979
Metcalf and Eddy, 1979

Reference

Jones, 1971

Gregory and Zabel, 1990
Metcalf and Eddy, 1979
Gregory and Zabel, 1990
Palmer ct. al. 1988
Woods, 1994a

Woods, 1994a

Corbitt, 1990

Metcalf and Eddy, 1979
Metcalf and Eddy, 1979

est. from Melcaif and Eddy, 1979



12, Ion Exchange

Table A1.45 Ion exchange - input criteria

Ion Exchange

COD

il

heavy metals
particulates
particulate size
dissolved solids
NO4

NH;3

sulphur

POy

toxics

Table A1.46 Ion exchange - cluent formulae

Eluent

mass

pH

CcoD

solvent

oil

water

heavy metals
particulates
particulate size
dissolved solids
NO;

NH;3

sulphur

PO4

toxics

Input - liquid Reference
<20,000 ppm Woods, 1994a
<20,000 ppm Woods, 1994a
<20,000 ppm Woods, 1994a
<50 ppm Librizzi and Lowery, 1950
<.0lmm
<20,000 ppm Woods, 1994a
<20,000 ppm Woods, 1994a
<20.000 ppm Woods. 1994a
<20.000 ppm Woods. 1994a
<20,000 ppm Woods. 1994a
<20,000 ppm Woods, 19%4a
Formulae Reference
M
7
(.55*COD*M )M,y Straub. 1989
(.I*Vol*M )M, Gao and Yu. 1988
(Oil*M )M,
(Wat+.95*DS+.05Part+.9* Vol )*M; /My
(.05*HM*M|)/M>, Palmer et. al, 1988
0.95*Part*M /M, Librizzi and Lowery, 1990
PS
(.05*DSE*M )My Metcalf and Eddy, 1979

(.15*NO3*M )M,
(.15*NH3*M)YM,
(.05*8*M )M,
(:25*POA*M )M,y
(.35*Tox*M| )My

Metcalf and Eddy, 1979
Metcalf and Eddy, 1979
Metcalf and Eddy, 1979
Straub, 1989

est. from Straub. 1989



Table A1.47 Jon exchange - regenerate formulae

Regenerate
mass

pH

COoD

solvent

oil

water

heavy metals
particulates
particulate size
dissolved solids
NO3

NH3

sulphur

POy

toxics

Formulae

02*M,

pH
(43*COD*M )My
(0.9*Vol*M | /My
0
(1000000-.95*DS+Part+Vol*.9)*M| /My
(.95*HM*M )/ M»
(.05*Part*M)/M,
PS

(.95*DS*M )My
(.85*NO3*M )M,
(.85*¥NH3*M;)/M,
(.95*S*M M,
{75*P0O4*M )M,
(45*Tox*M;}/My

13. Liquid Injection Ircineration

Table A1.48 Liquid injection incineration - input criteria

Liquid Injection

Incineration
COD

solvents

oil

water

heavy metals
particulates
particulate size
sulphur

Table A1.49 Liquid injection incineration - gas output criteria

Gas Qutput
mass
corTosivity
volatiles

oil

water

heavy metals
particulates
particulate size
CFC

CO,y

8O,

NGy

Cl

NH;

Input - liquid

>2,000 ppm

Reference

Reference
Clifford, 1990

Straub, 1989
Gao and Yu, 1988

Palmer et. al, 1988
Librizzi and Lowery, 1990

Metcalf and Eddy, 1979
Metcalf and Eddy, 1979
Metcalf and Eddy. 1979
Metcalf and Eddy, 1979
Straub, 1989

est, from Straub, 1989

LaGrega. Buckingham and Evens, 1994

Woods, 1994a
>2,000 ppm Woods, 19942
>2,000 ppm Woods, 199%4a
<750,000
<1,000 ppm .
<20,000 ppm Woods, 1994a
<.04 mm Brunner, 1991
<1,000 ppm

Formulac
M1+(.27*COD*M1/1000000)

{.00I*Vol*M /M,
(.0001*0il*M | )/ My
48*COD*M /M,

(HM*M l)/MZ
((Part+HM+DS)y*M | /M

PS

0

79*COD*M /My

(2*5*M VM,
((:28*NO3+.82*NH3)*M;)/My

0

References

Oppelt, 1991
Oppelt, 1991
Oppelt, 1991
Oppelt. 1991
Oppelt, 1991

Oppelt, 1991
Librizzi and Lowery, 1990
Oppelt, 1991
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14, Neutralization
Table A1.50 Neutralization - acid input criteria
Neutralization - acid Input - liquid Reference

pH 2-6.5 Batstone, Smith and Wilson, 1989

Table A1.51 Neutralization - liquid output formulae

Liquid Qutput Formulae ~ References

mass M +((7-pH)*90) Batstone, Smith and Wilson, 1989
pH 7.0

cop (COD*M )M,

solvents (Vol*M )My

oil (Oil*M )M,

water (1.1*Wat*M|)/M>

heavy metals (HM*M ) /M

particulates {(Part+.9*HM)*M, )/M» Palmer et.al. 1988
particulate size PS

dissolved solids (2*DS*M )M,

NO3 (NO3*M )M,

NH; (NH3*M{)M3

sulphur (S*M )M,

PO, (PO4*M )M,

toxics (Tox*M )M,

Table A1.52 Neutralization - basic input criteria
Neutralization - base Input - liguid Reference

pH 7.5-12 Batstone, Smith and Wilson, 1989



Table A1.53 Neutralization - liquid output formulae

Liquid Output
mass

pH

COD

solvents

oil

water

heavy metals
particulates
particulate size
dissolved solids
NO;

NH3

sulphur

POy

toxics

15. Precipitation

Formulae

M +((pH-7)*60)
7.0

(COD*M /M,
(Vol*M))/M,
(Oil*M ) )My
(Wat*M)/M,
(HM*M)/Mg
(Part*Ml)/M2
PS
(2*DS*M|)M3
(NO3*M )My
(NH3*M )M,
(1.2%8*M )My
(PO4*M)M;
(Tox*M])/My

Table A1.54 Precipitation - input criteria

Precipitation

pH
particulates
dissolved solids

Input - liquid

29-835
<750 ppm
100,000 - 600,000

Table A1.55 Precipitation - sludge output formulae

Sludge output
mass

pH

COD

solvents

oil

water

heavy metals
particulates
particulate size
dissolved solids
TN

sulphur
iron
toxics
ash

Formulae

References

Batstone, Smith and Wilson, 1989

Reference
Corbitt, 1990

Woaods, 1994a
Woods, 1994a

(.99*Part+HM+.6*DS)*M)_

13%( 1000000

pH
(.35*COD*M)/M+.6*COD
(Vol/(Wat+Vol))*900,000
(3*0i*M [ YM
(Wat/{Wat+Vol)}*900,000

)

(HM*M )-( PHHM*(M-M3)))M;
(1.3%(.99*Part+HM+.6*DS)*M | /M

>.25 mm
(.S*D'S*MI)IMZ
(.03*COD*M My +
0.9%(.23*NO3+.82*NH3)
(.99*5*M1)/M2

9*Tox
(100000-((.35*COD*M | )/M>)

Reference

Metcalf and Eddy, 1979
Gregory and Zabel, 1990
Metcalf and Eddy, 1979
Gregory and Zabel, 1990
Palmer ct.al, 1988
Woods, 1994b

Corbitt, 1990
Metcalf and Eddy, 1979

Palmer et. al, 1988

est. from Metcalf and Eddy, 1979
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Table A1.56 Precipitation - liquid cutput formulae

Liquid Output Formulae References
mass  (:99*Part+HM+.6*DS)*M]
Mj-9%( 1000000 )
nH <7
CaoD (.65*COD*M )My Metcalf and Eddy. 1979
solvents Vol .. .O1*Part*M Gregory and Zabel, 1990
(Wat+Vol+.7+0i1) (1000000 =)
oil ST*Qil . OI*Part*M) Metcalf and Eddy, 1979
(Wat+Vol+.7+0il) (1000000
water Wat . O1*Part*M Gregory and Zabel, 1990
(Wat+Vol+.7+0i) (1000000
heavy metals .1 ppm Palmer et. al, 1988
particulates (.35*Pan*M;)/My
particulate size <05 est. from Woods. 1994a
dissolved solids (. 1*DS*M M,
NO; (NO3*M )M, Mercalf and Eddy. 1979
NH (NH3*M )M Metcalf and Eddy, 1979
qup3hur (.Ol*S*N% l)nv%,_ Paimer et. al, 1988
POy (.15*PO4*M)/M, Metcalf and Eddy, 1979
toxics (Tox*M )M,

16. Reverse Osmosis

Table A1.57 Reverse osmosis - input criteria

Reverse Osmosis Input - liquid Reference
pH 2-12 Coté, 1992
COD 2 - 100,000 ppm Woods, 1994a
oil <100 ppm Coté, 1992
beavy metals 2 - 100,000 ppm Woods, 19942
paniiculates <100 ppm Coté, 1992
particulate size <.0001mm Woods, 1994a
dissolved solids 2 - 100,000 ppm Woods. 1994a
NO4 2 - 100,000 ppm Woods, 19942
NH3 2 - 100,060 ppm Woods, 1994a
sulphur 2 - 100,000 ppm Woods, 19942
POy 2 - 100,000 ppm Woods. 1994a

toxics 2 - 100,000 ppm Woods, 19942
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Table A1.58 Reverse osmosis - retentate formulae

Retentate
mass

pH

COD

solvent

oil

water

heavy metals
particulates
particulate size
dissolved solids
NO4

NH3

sulphur

POy

toxics

Formulae

0.97*DS$*M/150000+
(.99*Part+.85*0il)*M /1000000
pH

(.96*COD*M)/M>»
250000*(Vol/(Vol+Wat)*M )/ M>
(.96*0il*M )Mo
$50000*(Wat/(Vol+Wat})*M)/M,
(.93*HM*M )M,

(.99*Part*M )My

> 0001mm

(.97*DS*M|)/M2

(97*NO3*M )My

. (97*NH3I*M )M,

(9T*S*M )My
(97*PO4*M})M3
(.96*Tox*M )My

Table A1.59 Reverse osmosis - permeate formulae

Permeate
mass

pH

CcoD

solvent

oil

water

heavy metals
particulates
particulate size
dissolved solids
NO3

NH;3
sulphur
PO4
toxics

Formulae

Ml-(0.9‘l*DS*Mlll 50000+
(.99*Part+.85*0ii)*M)/ 1000000}
7

(.04*COD*M )Mo

Refercnce
Woods. 19942

Clark, 1990

Woods. 1994a

Clark, 1990

Woods, 1990

Clark. 1990

Woods. 1994a

Woods. 1994a

Clark, 1990

Metcalf and Eddy, 1979
Metcatf and Eddy. 1979
Clark, 1990

Clark, 1990

Clark, 1990

Reference
Woods, 1994a

Clark. 1990

(Vol*M l)-(850000*VOU(V0l+WaI))*(Ml-Mz)))sz

(. 15*Oil*M )My

Clark, 1990

((Wat*M1)-(850000*(Wav’(VoHWat))*(Ml-Mz)))/Mz

(.07*HM*M )M,
(.01*Part*M)/M,
<0001 mm
(.03*DS*M )M,
(03*NO3*M VM2

((03*NH3*M | ¥My
(.03%*5*M )My

(03*PO4*M | )My
(.04*Tox*M|)/M3

Clark, 1990
Woods, 1994a
Woods, 1994a
Clark, 1990
Metcalf and
Eddy, 1979
Metcalf and
Eddy. 1979
Clark. 1990
Clark. 1990
Clark, 1990
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Table A1.60 Sand filter - base input criteria

Sand Filter - base

pH

oil

particulates
particulate size

Input - liguid Reference
>7.0

<50 ppm

50-750 ppm Woods, 1994a
>0lmm Woods, 1994a

Table A1.61 Sand filter - solid output formulae

Solid Output
mass
leachate pH
coD

solvent

oil

water

heavy metals
iron

other metals
soluble solids
toxics
particle size
pap/cardboard
plastic

ash

Formulae

1.3*.97*Part/1000000*M

pH

(.60*COD*M )M,
(:29*Part*(VolV(Vol+Wat))*M | )/M»y
(.5*0il*M )M,
(.29*Part*(Wav/(Vol+Wat))*M )M,
(99*HM*M M,

(-29*Part*DS*M )M,
(.29*Part*Tox*M | )/M,
>01 mm

0

0

((.29*Part)*M )M,

Table A1.62 Sand filter - liquid output formulae

Liquid Output
mass

pH

COD

solvent

oil

water

heavy metals
particulates
particulate size
dissolved solids
NO3

NH3

sulphur

PO,

toxics

Formulae

(M -((.97*Part)/1000000*M )
pH

(.40*COD*M )M,

Reference
est. from Corbitt, 1990

est. from Corbitt, 1990
est. from Woods, 19944

Palmer et.al, 1988

est. from Woods, 1994a

est. from Woods, 19%94a

Reference
est, from Corbitt, 1990

((Vol*M )-(.29*Part*Vol/(Vol+Wat)* (M) M7)))My  est. from Woods, 1994a

(.5*Oil*M )My

((Wat*M)-(.29*Part* Wat/(Vol+Waty*(M M)))/M,  est. from Woods, 1994a

(O1*HM*M )M,

(.97*Part*M | /M>

<0.01 mm
((DS*M})-(.29*Part*DS*(M-M1)))/M»
((NO3*M)-(.29*Part*NO3¥(M | -M;)))/M,
((NH3*M | )-(.29*Part*NH3*(M | -M3)))/M5
((S*M)-(.29*Part*S*(M|-M;))/M;
((PO4*M | )-(.29*Part*PO4*(M | -M2)))/M,
((Tox*M)-(.29*Part*Tox*(M1-M5))/M;

Palmer et.al. 1988

Woods. 1994a

est. from Woods, 1994a
¢st. from Woods, 1994a
est. from Woods, 1994a
est. from Woods, 1994a
est. from Woods, 1994a
est. from Woods, 1994a
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Table A1.63 Sand filter - acid input criteria

Sand Filtration - acid Input - liquid Reference
pH <70

oil <50 ppm

particulates 50-750 ppm Woods, 1994a
particulate size > 0lmm Woods. 1994a

Table A1.64 Sand filter - sludge output formulae

Solid OQutput Formulae References

mass 1.3((.97*Par1)/1000000)*M est. from Corbitt, 1990
leachate pH pH

COD - {.60*COD*M )M, est. from Corbitt, 1990
solvent (.29*Part*(Vol/(Vol+Wa))*M)/M, est. from Woods, 19942
oil (.5*0il*M )My

water (.29*Part*(Wat/(Vol+Wan))*M )M,

heavy metals (:3*(97*Part)*HM*M)/M» Palmer ct.al. 1988

1ron

other metals

soluble solids (.3*(.97*Pan)*DS§*M | /My est. froms Woods, 1994a
toxics 3*(97*Party*Tox*M j)/M>y

particle size >.01 mm est. from Woods, 1994a
pap/cardboard 0

plastic 0

ash (.3*(.97*Part)*M|)M>

Table A1.65 Sand filter - liquid output formulae

Liquid Output Formulae Reference

mass (M-((.97*Part)/1000000*M) est, from Corbitt, 1990

pd pH

COb (.40*COD*M )My

solvent (VoI*My)- est. from Woods, 1994a
.29*Part* Vol/(Val+Wat)*(M1M»))/My

oil (.5*0i1*M )M,

wat-r (Wat*Mj)- est. from Woods, §994a
29*Part*Wav/(Vol+Wat)*(M;M3))/M,

heavy metals (HM-.3*(.97*Part)*M ¥M> Palmer et.al, 1988

particulates ((.97*Part)*M )M,

particulate size <0.01 mm Woods, 1994a

dissolved solids ((DS*M)~(.29*Part*D&*(M | -M2)))/M> est. from Woods, 19942
NO3 ((NO3*M | )-(.29*Part*NO3*(M-M5)))/M, est. from Woods, 1994a
NHj3 ((NH3*M1)-(.29*Part*NH3*(MI-Mz)))/MZ est. from Woods, 1994a
sulphur ({S*M)-(.29*Part*S*(M-M2)))/M3y est. from Woods, 19%4a
POy ((PO4*M )-(.29*Part*PO4*(M | -M5)))/M, est, from Woods, 1994a
toxics ((Tox*M|)-(.29*Part*Tox*(M-M3 )))/M>y est. from Woods, 1994z
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Table A1.66 Screening - input criteria

Screening

oil
particulates
particulate size

Input - liquid Reference

<100ppm est. from Corbitt, 1950
50,000-220,000 ppm Woods, 1994a
.25-6 mm Woods, 1994a

Table A1.67 Screening - solid output formulae

Solid Qutput
mass
leachate pH
COoD

solvent

oil

water

heavy metals
iron

other metals
soluble solids
toxics
particle size
paper/cardboard
plastic/rubber
ash

Formulae

(¢1.2*Part/1000000)*M

pH

(.85*COD*M )My
(.3*Part*(Vol/(Vol+Wat))*M | )/My
(.3*Part*Qil*M /My
(.3*Part*(Wat/(Vol+Wat))*M[)/My
(.01*HM*M )My

(.3*DS*M )M,

(OI*Tox*M )My

>25

0

0
((.9*DS)+(.3*Part*DS)*M)/M»

Table A1.68 Screening - liquid output formulae

Ligquid Output
mass

pH

COD

solvent

oil

witer

heavy metals
particulates
particulate size
dissolved solids
NO3

NH;

sulphur

POy

toxics

Formulae

M;-(((.1.2*Part)/1000000)*M)

pH

(.15*COD*M )M,

((Vol*My}-(.2*Part* Vol/(Vol+Wat)*(M | -M2)H/M,
((Oi1*M )-(.3*Part*Oil* (M| -Ma N)/M5
((Wat*M)-(.2*Part*(Wau/(Vol+Wat)*(M)-May)) My
(.99*HM*M | M2

(.1*Part*M; M5

<23

(DS*M )-2*Part*DS* (M| -M2))/M;
(NO3*M))-.2*Part*NO3*(M-M3)))/M;

(NH3*M )~ 2*Part*NH3*(M| -M))) M
(.01*S*M;)/My

(PO4*M }-.2*Part*PO4* (M| -M>)))/My
(.99*Tox*M )My

Woods, 1994a

Woods. 1994a

Woods, 1994a

Woods, 1994a

Reference

Woods, 1994a
Woods, 1994a
Woods, 1994a

Woods, 19%4a
Woods, 1994a
Woods, 1994a
Woods, 1994a

Woods, 1994a



18. Settling

Table A1.69 Settling - acid input criteria

Settling - acid

pH
particulates
particulate size

Input - liquid

<7.0
1.500-10.000 ppm
025 - 2mm

Table A1.70 Seitling - sludge output formulae

Sludge output
mass

pH

COD

solvent

oil

water

heavy metals
particulates
particulate size
dissolved solids
™
sulphur

iron

toxics

ash

Formulae

(6.3*Part*M)/1000000

pH

(1.25*COD*M1)/M2
(Vol/(Wat+Vol})*900,000
{.3*0ilI*M My
(Wat/(Wat+Vel))*900,000
.9*HM

100,000 ppm

>25 mm

.9*DS§

9*TN

9*8

J9*Fe

.9*Tox
(100000-((.35*COD*M|)/M»)

Table A1.71 Settling - liquid output formulae

Liquid Output
mass

pH

CCD

solvent

oil
water

heavy metals
particulates
particulate size
dissolved solids
NO3

NHj

sulphur

POy

toxics

Formnulae
Ml-(6.3*Part*Ml)/ 1000000
pH

(.65*COD*M )My
Vol . 1*Part*Mj
Watsvolr =0 T Mg
7*0il . 1*Part*M|
(War=Vol+.7%0il) " Mg
Wat 1*Part*M1

(WattVol+.7%0il) U Mgz
CHIMP*M (. 9*HM* (M -M2)))/M
(.1*Part*M; /My

<05

DS*M )My

(NO3*M /My

(NH3*M | YM2

(S*M )M,

(PO4*M1)/My

(Tox*M )M,

Reference

Metcalf and Eddy, 1979
Woods. 1994a

Reference
est. from Gregory and Zabel, 1990

Metcalf and Eddy. 1979
Gregory and Zabel, 1990
Metcalf and Eddy. 1979
Gregory and Zabel, 1990
Palmer et. al, 1988
Gregory and Zabel, 1990
Woods, 1994a

Palmer et.al, 1988

Metealf and Eddy. 1979

References

est, from Gregory and Zabel, 1990

Metcalf and Eddy, 1979
Gregory and Zabel, 1990

Metcalf and Eddy, 1979
Gregory and Zabel, 1990

Palmer et.ai, 1988
Gregory and Zabel, 1990
Woods, 1994a

Metcalf and Eddy, 1979
Metcalf and Eddy, 1979
Metcalf and Eddy, 1979
Metcalf and Eddy, 1979
Metcalf and Eddy, 1979
Metcalf and Eddy, 1979
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Table A1.72 Settling - base input formulae

Settling - base

pH
particulates
particulate size

Input - liquid Reference
>7.0

1,100-2,500 ppm Woods, 1994a
.025 - 2mm Woods, 1994a

Table Al1.73 Settling - sludge output formulae

Sludge output
mass

pH

CoD

solvents

oil

water

heavy metals
particulates
particulate size
dissolved solids
TN

sulphur

iron

toxics

ash

Formulae

(6.3*Part*M )/1000000
pH
(.35*COD*M;)/M5+.6*COD
(Vol/(Wat+Vol))*900,600
(3*Oil*M )My
{Wat/(Wat+Voi))*500,000
((HM*M)-(.1*(M)-M))M;
100,000 ppm
>.25 mm
9*DS
9*TN
J9*3
(.9999*Fe*M )My
9*Tox
(100000-((.35*COD*M )/M5)

Table A1.74 Settling - liquid output formulae

Liquid Qutput
mass

pH

CcOoD

solvents

oil
water

heavy metals
particulates
particulate size
dissolved solids
NO3

NH3

suiphur

POy

toxics

Formulae
M-(6.3*Part*M /1000000
pH

(.65*COD*M )M,
Vol .. 1*Part*M)

(Wat+vol+.7*0i) " My
7*0il o, L¥Part*My

(WateVol+. 701y & Mg )
Wat _ . 1*Part*M)

(WateVol+.7*0i) 0 Mg !

0.1ppm

(.1*Part*M )M,

<05

(DS*M M,

(NO3*M; /M7

(NH3*M; M,

(S*M )M

(PO4*M )M,

(Tox*M | VM

Reference
est.. Gregory and Zabel. 1990

Metcalf and Eddy, 1979
Gregory and Zabel, 1920
Metcalf and Eddy, 1979
Gregory and Zabel, 1990
Palmer et. al, 1988
Gregory and Zabel. 1990
Woods, 1994a

Palmer et.al, 1988

Metcalf and Eddy, 1979

References
est., Gregory and Zabel, 1990

Metcalf and Eddy, 1979
Gregory and Zabel, 1590

Metcalf and Eddy, 1979
Gregory and Zabel, 1950

Palmer et.al, 1988
Gregory and Zabel, 1990
Woods, 1994a

Metcalf and Eddy, 1979
Metcalf and Eddy, 1979
Metcalf and Eddy, 1979
Meicalf and Eddy, 1979
Metcalf and Eddy, 1979
Metcalf and Eddy, 1979



19. Solvent Recycling

Table A1.75 Solvent recycling - input criteria

Solvent Recycling

solvents

Input - liquid

200,000 - 800,000 ppm

Table A1.76 Solvent recycling - volatile output formulae

Volatile Output
mass

pH

COD

solvents

oil

water

heavy metals
particulates
particulate size
dissolved solids
NO3-

NHj3

sulphur

POy

toxics

Formulae

© Vol/1,000,000%M

7.0
3,000,000
1,000,000
0

0
0
0
0
0
]
0
0
0
1,

000,000

Table A1.77 Solvent recycling - solid output formulae

Sludge Output
mass

pH

COD

solvents

oil

water

heavy metals
particulates
particulate size
dissolved solids
NO3

NH;

suiphur

POy

toxics

Formulae
M1-((.999*V0U1000000)*M1)
pH

({COD*M | }-(2500000* (M, -My)))M2
(.001*Vol*M})M»

(Oil*M )My

(Wat*M )My

(HM*M )My

(Part*M)/M>

PS

(DS*¥MYMy

(NO3*M )M,

(NH3*M /My

(S*M /My

(PO4*M | )}/M3

(Tox-Vol)*M /My

Reference

Woods. 1994a

References

Tarrer et.al, 1989

Woods. 1994a
Woods, 1994a
Woods, 1994a
Woods, 1994a
Woods, 1994a

Woods. 1994a
Woods, 1994u
Woods, 1994a
Woods, 1994a
Woods, 1994a
Woods, 1994a

References

Tarrer et.al, 1989

Woods, 1994a
Woods. 1994a
Woods, 1994a
Woods, 1994a
Woods, 1994a
Woods, 1994a
Woods, 1994a
Woods, 1994a
Woods, 19942
Woods, 1994a
Woods. 1994a
Woods., 19944
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Table A1.78 Ultrafiltration - acid input criteria

Ultrafiltration - acid

pH

CGb

oil

particulates
particulate size
toxics

Table A1.79 Ultrafiltration - retentate formulae

Retentate - liquid
mass

pH

COD

solvent

oil

water

heavy metals -
particulates
particulate size
dissolved solids
NO;

NHj

sulphur

POy

toxics

Input - liquid Reference

<6.5

<10,000 ppm Woods, 1994a

<10,000 ppm Woods, 1994a

<800ppm Waods, 1994a

<.00lmm Woods, 1994a

<10,000 ppm Woods, 1994a
Fornulae Reference
(.99*Part*M)/50000 est. from Palmer et. al, 1988
pH
max 750000 ppm Palmer et. al, 1988
950000*Vol/(Vol+Wat) Palmer et, al, 1988
250,000*QiV/(Oil+Tox) Palmer et. al, 1988
9500000*Wat/(Vol+Wat) Palmer et. al, 19388
.95*HM Palmer et. al, 1988
max 5,000ppm Palmer et. al, 1988
>.0001 mm Woods, 1994a
950000*DS/Wat Palmer et. al, 1988
950000*NQ3/Wat est. from Woods, 1994a
950000*NH3/Wat est. from Woods, 1994a
950000*S/Wat est. from Woods, 1994a
950000*PO4/Wat est. from Woods, 1994a

250000*Tox/(Oil+Tox)

Table A1.80 Ultrafiltration - permeate formulae

Permeate - liquid
mass

pH

COoD

solvent

oil

water

heavy metals
particulates
particulate size
dissolved solids
NO3

NH;

sulphur

POy

toxics

Formulae

MI-(.99*Part*M)/56000

pH

((COD*M)-(750000*(M;-M5)))/M
((Vol*M1)-(950000*Vol/(Vol+Waty*(M;-M))/M,
((Oi1*M)-(250000* (OHA(Oil+Tox)}* (M -Ma )M,
((Wat*M)-(950000*Wat/(Wat+Vol)*(M -M3))/Ma
((HM*M ) )-(956000*HM/Wat*(M-M5)) My
(Part*M)-(5000*(M -M7)))/ My

<0001 mm
((DS*M)-(250000*DS/Wat*(M;-M3))/My
((NO3*M )-(950000*NO3/Wat*(M;-Mp))/M,
((NH3*M )-(950000*NH3/Wat*(M;-M5))/M5
((S*M)-(950000*S/Wat*(M;-M))M,

((PO4*M [ )-(950000*PO4/Wat* (M -M3))/M,
((Tox*M )-(250000* (Tox/(Oil+Tox))* (M-
M1)))¥My

Woods. 1994a

Reference
est. from Woods, 1994a

Palmer et. al, 1988

est. from Woods. 1994a
est. from Woods, 1994a
est. from Woods, 1994a
est. from Woods, 1994a
est. from Woods, 1994a
est. from Woods, 1994a
est. from Woods, 1994a
est. from Woods, 1994a
est. from Woods, 1994a
est. from Woods, 19942
est. from Woods, 1994a
est. from Woods. 1994a
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Table A1.81 Ultrafiltration - base input criteria

Ultrafiltration - base

pH

COD

oil

particulates
particulate size
toxics

Table A1.82 Ultrafiltration - retentate formulae

Retentate - liquid

mass

pH

COD

solvent

oil

water

heavy metals
particulates
particulate size
dissolved solids
NO3

NH;

sulphur

POy

toxics

Input - liquid Reference

>6.5

<10,000 ppm Woods, 19%4a

<10,000 ppm Woods. 1994a

<800ppm Woods, 19944

<.001mm Woods, 1994a

<10,000 ppm Woods, 1994a
Formulae Reference
(.99*Part*M)/50000 est. from Woods, 19944
pH
max 250000 est. from Woods, 1994a
(Vol*M )My est. from Woods, 1994a
250,000*0il/(Qil+Tox) est. from Woods, 1994a
(Wat*M )My est, from Woods, 1994a
(HM*M 0. 1*(M-M3)¥YMy Palmer et.al, [988
max 50,000 Palmer ct.al, 1988
>.0001 est. from Woods, 1994a
950000*DS/Wat est. from Woods. 1994a
950000*NO3/Wat est, from Woods, 1994a
950000*NH3/Wat est. from Woods. 1994a
950000*S/Wat est. from Woods, 19944
950000*PO4/Wat est. from Woods, 1994a
250000*Tox/(Qil+Tox) est. from Woods, 1994a

Table A1.83 Ultrafiltration - permeate formulae

Permeate
liquid

mass

pH

COD

solvent

oil

water

heavy metals
particulates
particulate size
dissolved solids
NO;

NH3

sulphur

POy

toxics

Formulae

M;-((.99*Part*M)/50000)

pH

((COD*M )-(750000%(M |-M2)1/M»
((Vol*M)-(950000* Vol/(Vol+Wat)*(M-M3)))/M3
((Oil*M )-(250000*(0il/(Oil+Tox))y* (M -M3))) My
((Wat*M)-(950000* Vol/(Vol+Wat)* (M| -M>)))/M>3
0.1ppm

((Part*M)-(50000%(M-M>3)))M3

<.0001

((DS*M1)-(950000*DS/Wat*(M | -M3)))}/M3
((INO3*M)-(950000*NO3/Wat* (M) -M;)))/M
((NH3*M)-(950000*NH3/Wat*(M | -M5)))/M;
((5*M)-(950000*S/Wat*(M|-M3)))/ M2
((PO4*M|)~(950000*PO4/Wat*(M-M3)))/M
(Tox*M)~(250000*Tox/(Oil+Tox)*(M|-M>)))/M3

Reference
est. from Woods, 1994a

est. from Woods, 19942
est. from Woods, 1994a
est. from Woods, 19942
est. from Woods, 1994a
Palmer ct.al, 1988

est. from Woods, 1994a
est. from Woods, 1994a
est. from Woods, 19942
est. from Woods, 1994a
est. from Woods, 1994a
est. from Woods, 1994a
est. from Woods, 19%4a
est. from Woods, 1994a



206

22. Baghouse Filtration

Table A1.84 Baghouse filtration - input crileria

Baghouse Input - gas References

Filtration

particulates 8 - 80,000 ppm Woods, 19942

particulate size .07 mm Woods, 1994a

Table A1.85 Baghouse filtration - gas output formulae

Gas Output Formulae References

mass MI-{(.99*Part)/1000000)*M; linoya and Dennis, 1987
corrosivity pH

volaliles {(Vol*M1)yM2 Brunner, 1991

oil (.33*Qil*M1)/M2 Brunner, 1991

water (Wat*M1)/M2 Brunner, 1991

heavy metals (.01*HM*M)/M, Brunner, 1991
particulates {.01*Part*M 1)/M2 linoya and Dennis, 1987
particulate size <.001lmm Brunner, 1991

CFC (CFC*MI1)M2 Brunner, 1991

COy (CO2*M1)/M2 Brunner, 1991

SOy (SO2*M1)y/M2 Brunner, 1991

NO, (NOx*M1)yM2 Brunner, 1991

Cl (CI*M1)M2 Brunner, 1991

NHj: {NH3*M1)/M2 Brunner, 1991

Table A1.86 Baghouse filtration - solid cutput formulae

Solid Ontput Fermulae Reference

mass ((.99*Part)/1000000)*M} linoya and Dennis, 1987
leachate pH pH

(8(0)0) (.05*Part*M )M, Brunner, 1991

solvents 0 Brunner, 1991

oil (.67*0il*M )My Brunner, 1991

water 0 Brunner, 1991

heavy metals (.99*HM*M | )M, Brunner, 1991

iron (.99*Fe*M)/M, Brunner, 1991

other metals
soluble solids

(.99*0M*M1)/M2

Brunner, 1991

toxics 0

particle size >.00lmm Librizzi and Lowery, 1990
paper/cardboard 0

plastic ]

ash (.99*Part*M )M,



23. Electrostatic Precipitation

Table A1.87 Electrostatic precipitation - input criteria

Electrostatic Input - gas References
Precipitation

particulates <16 ppm Woods, 1994a
particulate size >.000]1 mm Woods, 1994a

Table A1.88 Electrostatic precipitation - gas output formulae

Gas Qutput
mass
corrosivity
volatiles

oil

water

heavy metals
particulates
particulate size
CFC

CO,

SO,

NOy

Cl

NH3

Table A1.89 Electrostatic precipitation - solid output formulae

Solid Output
mass
leachate pH
COD
solvents

oil

water

heavy metals
iron

other metals
soluble solids
toxics
particle size
paper/cardboard
plastic

ash

Formulae

M1-((.99*Part)/ 1000000Y*M,

pH

(Voi*M1)/Mp
(.4*Qil*M )M
(Wat*Ml)lM2
(01*HM*M )M,
(.01*Part*M YM»
<0001 mm
(CFC*M, WMy
(CO2*M )My
(SO2*M)/M>y
(NOx*M )My
(C1*M; My
(NH3*M )My

Formulace

((.99*Part)/ 1000000)*M

pH
(2.2*0il*M )/ My
0

(.6*Qil*M )M,
0

(.99*HM*M )My
(99*Fe*M )My
(.99*OM*M /M3

0

> (00imm

0

0

(.99*Part*M; )My

References

linoya and Dennis. 1987

Brunner. 1991
Brunner, 1991
Brunner, 1991
Brunner, 1991

linoya and Dennis, 1587
Librizzi and Lowery, 1990

Brunner, 1991
Brunner, 1991
Brunner, 1991
Brunner, 1991
Brunner, 1991
Brunner, 1991

Reference

linoya and Dennis. 1987

Brunner, 1991
Brunner, 1991
Brunner, 1991
Brunner, 1991
Brunner, 1991
Brunner, 1991
Branner, 1991

Librizzi and Lowery. 1990



24. Packed Tower

Table A1.90 Packed towzr - input criteria

Packed Bed
Serubber
volatiles

oil

particulates
particulate size
S0,

NOy

Cl

Input - gas

<10,000 ppm
<10,000 ppm
<10 ppm
>.005
<10,000 ppm
<10,000 ppm
<10,000 ppm

Table A1.91 Packed tower - gas output formulae

Gas Qutput
mass
corrosivity
volatiles

oil

water

heavy metals
particulates
particulate size
CFC

CO,

SO,

NO,

Cl

NH3

Formulae
M1-((.99*Pan)/1000000)*M1
7

(.95*Vol*M [ )/Mx
(.05*Qil*M )M,
(Wat*M|)/M,

(.01*HM*M; )My
(.1*Part*M )My

<.005

0

0 .
(.Z*SOZ*MI)MZ
((01*NOx*M )M,
(O1*CI*M )My
(O1*NH3*M )M,

Table A1.92 Packed tower - liquid output formulae

Liquid Qutput
mass

pH

coD

solvents

oil

water

heavy metals
particulates
particulate size
dissolved solids
NO,

NHj3

sulphur

POy

loxics

Formulae

2*M

pH

]
(.05*Vol*M|)/M»
(.95*0il*M | Y M4

References

Noyes Data Corp., 1971
Noyes Data Corp., 1971

Woods, 1994a
Woods, 1994a

Noyes Data Corp.. 1971
Noyes Data Corp., 1971
Noyes Data Corp.. 1971

References

Noyes Data Corp., 1972
Noyes Data Corp., 1972
Noves Data Corp., 1972
Noyes Data Corp., 1972

Batstone et. al, 1989

Woods, [994a
Woods, 1994a

Baistone et. al, 1939

Librizzi and Lowery, 1990
Librizzi and Lowery, 1990
Librizzi and Lowery, 1990

1000000 -((.95*Oit+.99*HM-+.9*Part
+.99*NOX+.4*S02+.99*CI)*M; /M3

(.99*HM*M /M,
(.9*Part*M | /M,
>01 mm

(.99*HM+,99*NQOx+.4*S02+.99*CLY*M1/M,

(.99*NOx*M)/My
(.99*NH3*M )M+
(4*5*M| )My

0

0

References
Noyes Data Corp., 1971
Librizzi and Lowery, 1990

Brunner, 1991

Librizzi and Lowery, 1990
Librizzi and Lowery, 1950

Librizzi and Lowery. 1990
Librizzi and Lowery, 1990
Batstone et. al, 1989
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25. Venturi Scrubber

Table A1.93 Venturi scrubber - input criteria

Venturi Scrubber

particulates
particulate size

Input - gas

<20,000 ppm
<.5mm

Table A1.94 Venturi scrubber - gas output formulae

Gas Qutput
mass
corrosivity
volatiles

oil

water

heavy metals
particulates
particulate size
CFC.

COy

S04

NO,

Cl

NH3

Formulae

M -((.90*Part)/1000000)*M
pH

(Vol*M )My
(.02*0il*M )My
(L.5*War*M )My
(.1*HM*M My
(.1*Part*M[¥M;
<.001 mm

(CFC*M My
(CO2*M )My
(.99*S02*M )My
(.75*NOx*M )M
(.6*CI*M My
(.75*NH3*M )My

Table A1.95 Venturi scrubber - liquid output formulae

Liquid Output
mass

pH

COD

solvents

oil

water

heavy metais
particulates
particulate size
dissolved solids
NO3

NH;

sulphur

POy

toxics

Formulae

1.6*M;

pH
(.001*Part*M)/M,
0
(Oil/Part)*250000
0
{(HM/Part)*250000
250,000 ppm
<,001 mm

0

.25%NOx*M /My
0.25*NH3*M /My
0.005*8*M /My
0.25*PO4*M /M,
0

References

Woods, 1994a
Woods, 1994a

References
Brunner, 1991

Brunner, 1991
Jones, 1971

Brunner. 1991
Brunner, 1991

linoya and Dennis, 1987
Librizzi and Lowery, 1990

Brunner, 1991
Brunner, 1991
Brunner, 1991
Brunner, 1991
Brunner, 199}

est. from Brunner, 1941

Reference

Noyes Data Corp., 1971

Brunner, 1991
Brunner, 1991
Jones, 1971

Brunner, 1991
Brunner, 1991

Noyes Data Corp.. 1972
Librizzi and Lowery, 1990

Brunner, 1991

Librizzi and Lowery, 1950

Brunner, 1991
Brunner, 1991
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Appendix 2 Standards for Release to Air, Water or Land

The following parameters were primarily determined from Ontario regulations. In some cases. as
has been described in Chapter 4, the parameters were not explicit and were determined using U.S.

regulations or other available regulations. The regulations have been included in this appendix.

A2.1 Air Emissions

Gas Limit pg/m®  Limit ppm
(.5 hravg.) (.5 hravg.}

corrosivity

volatiles 100 0.08

oil 160 0.13

water

heavy metals 5 0.004

particulates 100 0.08

particulate size

CFC 0 0

COy

S0, 330 0.66

NO, 500 0.4

Cl 300 0.2

NHjz 3600 29

A2.2 Effluents to Water Bodies

Liquid Limits, ppm
pH 55-95
COD 37.5 -
solvent 0.02

oil 15.0

water :

heavy metals 1.0
particulates 15.0

particulate size
dissolved solids

NO3

NH; 100
sulphur 400
PO, 1.0
toxics 0



A.2.3 Disposal to Landfills

Sludge Limit
ppm

pH 2-12.5

CoD

solvent 1,000

oil 500,000

water 850,000

heavy metals 100

particulates

particulate size

dissolved solids

TN

sulphur

iron

toxics 50

ash

A.2.4 Land Treatment

Liquid Limit
ppm

pH 5.5-9.5

cOD

solvent 100

oil

water 1,000,000

heavy metals 10

particulates

particulate size

dissolved solids 1,000

NO;3 10,000

NH3 10,000

sulphur 1,000

POy

toxics 50

Solid

leachate pH
COD
solvent

oil

water

heavy metals
iron

other metals
soluble solids
toxics
particle size

paper/cardboard

plastic/rubber
ash

Sludge

pH

COD

solvent

oil

water

heavy metals
particulates
particulate size
dissolved solids
TN

sulphur

iron

toxics

ash

212

Limit
ppm
5.5-9.5

100

950,000
10

1,000
10.000
1.000
50.000
50

Limit
ppm
2-12.5

1.000
900,000
250,000
100

Solid Limit

ppm
leachate pH 5.5:9.5
COD
solvent
oil
water
heavy metals 10
iron 50,000
other metals
soluble solids 1.000
loxics 50
particle size
paper/cardboard
plastic/rubber
ash

100

1,000



Environmental Protection Act

AMBIENT AIR QUALITY CRITERIA REGULATION
R.R.0. 1990, Reg. 337

1. The desirable ambient 2ir quality criteria for each contaminant set out in Column 1 of the Schedule is that amount of concentration or
total amount of contaminant set out opposite thereto in Column 3 of the Schedule in the unit of measurement set out opposite thereto in

Column 2 of the Schedule for the time set out opposite thereto in Column 4 of the Schedule.

Schedule
COLUMN 1 COLUMN?2 COLUMN 3 COLUMN 4 COLUMN 5
ITEM Average Amount of Approximate
Name of . Cencentralion or . Equivalent a1 10°C
Contaminant Unit of Measurement Total Amount of Period of Time and 760 mm Hg
Contaminant pressure
1. Arsenic Micrograms of Arsenic per cubic 25 24 hours
metre of air
2. Cadmium Micrograms of cadmium per cubic 20 24 hours
metre of air
3. Carbon Monoxide | Parts of carbon monoxide per one 30 1 hour 36,200 uglm’
million pants of air by volume 13 8 hours 15,700 ug!m’
4. Dustfall Tons of dustfalt per square mile per 20 Total 30 days
month 13 I year
S, Fluorides Parnts of fluerides per billion parts 1.0 24 hours 0.86 ug/m’
(Gaseous) April 15 | of air by volume (Expressed a5 HF) 04 30 days 0.34 up/m’
to Oclober 15
6. Total Fluorides Parts of fluorides per one billion 20 24 hours 1.72 ug‘(mJ
{Gaseous and parts of air by volume (Expressed 0.8 30 days 0.69 ug/m’
Particulate) April as HF)
15 to October 15
7. Total Fluorides Pants of fluorides per one billion | 4.9 24 hours 344 uglm’
{Gascous and parts of air by volume (Expressed 1.6 30 days 1.38 uym’
Particulate) as HF)
October 16 to April ‘
14
8. Fluorides in Forage { Parts of total fluorides per one 35 Individual Sample
for Consumption aillion parts forage (dry weight)
by Livestock
9. Fluetidation (total) | Micrograms of total {luorides 40 30 days
Aprl 15t collected by 100 sq. centimetres of
October 15 limed filter papet
10 Fluoridation (total) | Micrograms of total fluorides 80 30 days
October 16 to collected by 100 sq. centimetres of
April 14 limed filter paper
11 Hydrogen Sulphide | Parts of hydrogen sulphide per one 0.02 1 hour 30 ug/m’
million parts of air by volume
12, Lead Micrograms of lead per cubic metre 5.0 24 hours
of air 2.0 geometric mean 30 days
13. Mercaptans Parts of mercaptans per one mitlion 0.01 t hour 20 ug/m’
parts of air by volume (Expressed
as methyl mercaptan)

Ont, 80.0
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I COLUMN ] COLUMN 2 COLUMN 3 COLUMN4 COLUMN S i
ITEM Average Amount of Approximate
Name of .- Concentration or . Equivalent at 10°C
Contaminant Unit of Measurement Totzl Amount of Period of Time and 760 mm Hg
Contzminant pressure
14, Mereury Micrograms of mercury per cubic 290 24 hours
metre of air
15. Nickel Micrograms of Nickel per cubic 20 24 hours
metre of air
16. Nitrogen Dioxide Parts of nitrogen dioxide per one 0.20 t hour 400 uglm3
million parts of air by volume 0.10 24 hours 200 ug/m’
17. Ozxidants (total} Pants of 1ol oxidants per one .10 I hour
million parts of air by volume
18, Ozone Faris of ozone per one million parts 0.08 1 hour 165 ug/m’
of air by volume
19. Soiling Cocllicient of Haze per 1,000 fect 1.0 24 hours
of air 0.5 1 year
20. Sulphation Milligrams of sulphur trioxide per 07 30 days
100 5q. cm of exposed lead
peroxide per day
21, Sulphur Dioxide Parts of sulphur dioxide per one 0.25 1 hour 690 ug]m’
million parts of air by volume 0.10 24 hours 275 ug/m’
0.02 1 year 55 ug/m’
22. | Suspended Micrograms of suspended 120 24 hours
Particulate Matter | particulate matter per cubic metre 60 geomelric mean 1 year
of air
23, Yanadium Micrograms of vanadium per cubic 20 24 hours

metre of air




Environmentsl Protection Act

GUIDELINES FOR THE CONTROL OF
INDUSTRIAL PHOSPHORUS DISCHARGES IN LIQUID EFFLUENTS

]

October, 1976.

Statement of Fatent.

The primary purpose of these guidelines is 10 assist Ministry staff in the execution of abatement and approvals functions. They may
also be used by industry as an indication of environmental contro) requitements.

These guidelines are supplementary to the * Guidelines and Criteria for Water Quality Management in Ontario™, the **Objectives for
the Control of Industrial Wastes Discharges in Ontario"’, and the requirements of The Eavironmental Protection Aci,

The guidelines refiect overall Ministry palicy. They should be applicd recognizing specific requirements of individual sites, alternative
process and abatement technology, and the need to stage programs which will achieve the Ministry's goals in a rapid but realisiic
manner.

Introduction,
Industrial phosphorus discharges may have impact on receiving waters by virtue of their nutdent value and hence their potential 1o
cause excessive algal growths. This is of particular significance in the lower Great Lakes drainage basin which has been identified by
The Enternational Joint Commission as being threatened by nutrient inputs.
Programs for the control of phosphorus discharges from municipal sewerage systems have been implemented in Ontario in response
to the Canada-United States Agreement on Great Lakes Water Quality. It, therefore, seems reazonable to apply controls to industrial
discharges which are consistent with municipal abatement programs.

General Priodples of Phosphorus Controls.

Recognizing that all phosphorus discharges are potentially significant from the standpoint of nutrient inpui and eutrophication of
receiving waters, the following general principals will form the basis for the control of industrial phosphorus discharges:

1. Where practicable, industrial phosphorus inputs to natural watfrs shall be controlled or climinated;

2. In cases where control technology {either external controls or in-plant abatemen) is not practicable, the discharge under con-
sideration shall be assessed on the basis of its potential impact on the tectiving stream. Where necessary, and in the absence of
available technology, alternative disposal may be required;

3. Without limiting the above general principles, the effluent objective for industrial phosphorus discharges shall be 1 mg/l maximum
total phosphorus;

4. Planis with discharges of fess than 10 1b/day toial phosphorus shali be excemnpted from these guidelines;

5. Phosphorus conirol requirements should not discourage the application of biological treatment (with phosphorus nuteient ad-
dition) to the abatement of gross poliution.

Where biological treatment is used to abate grass pollution problems, the control of phosphorus discharges from such systems shall
be weighed against the benefits to be derived from the reduction of the gross pollution and the impact of the phosphorus discharge on
the receiving stream.

Phosphorus controls should complement biological treaiment where they are deemed necessary and will be beneficial 10 the en-
vironment,
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6. Phosphorus controls should not discourage reduced water usage, abatement of acute toxicity or other effects which are of benefit
to the environment.

Phosphorus Control Technology.

The technology that has been applied to the control of municipal phosphorus discharges indude chemical precipitation with lime,
alum, ferrous and ferric salts and wasie pickle liquor. In addition, the controls on Jevels of phosphorus in laundry detergents that
have been implemented under The Canada Water Act have had significant impact on municipal discharges.

Chemical precipitation is applicable 10 some industrial phosphorus discharges bui, in common with the municipal situation, the
specific technology that is applied must be determined by experiment. Chemical precipitation can be used to best advantage in those
situations where il can be integrated into an existing or proposed industrial waste treatment system. For example, those industries
which install chemical precipitation equipment for phosphorus removal which will utilize the existing clarifiers or settling basins.

As an alternative, non-phosphorus water conditioning chemicals may be used 1o climinate phosphorus discharges provided that
adequate water conditioning is achieved and there are no greater adverse effects on the environment,

The disposal of industrial effluents to municipal sewerage systems where phasphorus removal facilities have besn incorporated into
the municipal sewage treatment process also represeots an available option for the control of industrial phasphorus discharges.
However, this showld enly be considered where there is capacity in the sewerage system to accept the effluent and where no adverse
effects on the treatment process are anticipated from the industrial efflyents.

Anpex 2
Control of phospborus

1. Programs, Programs shall be developed and implemented to reduce inputs of phosphorus 10 the Great Lakes System, These
programs shall include:

(@} Consiruction and operation of waste treawment faclities to remove phosphorus from municipal sewage;

{b) Regulatory measures 1o require industrial dischargers to remove phosphorus from wastes 10 be discharged into the Great Lakes
System;

(¢} Regulatory and advisory measures to control inputs of phosphorus through reduction of waste discharges attributable to animal
husbandry operations.

In addition, programs may include regulations limiting or eliminating phosphorus from detergents sold for use within the basin of the
Great Lakes System.

2. Effluent Requiremenss. The phesphorus concentrations in effluent from municipal waste treatment plants discharging in excess of
one miliion gallons per day, and from smaller plants as required by regulatory agencies, shall not exceed 2 daily average of one
milligram per litre into Lake Eric, Lake Ontario and the International Sectlon of the St. Lawrence River.

3. Industrial Discharges. Waste treatment or contral requirements for all industrial plants discharging wastes into the Great Lakes
System shall be designed 10 achieve maximum practicable reduction of phosphorus discharges to Lake Erie, Lake Ontario and the
international Section of the St. Lawrence River.

4. Reducrions for Lower Lakes. These programs are designed 1o attain reductions in gross inputs of phosphorus 1o Lake Erie and
Lake Ontario of the quantities indicated in the following tables for the years indicated.
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4.

GUIDELINES FOR THE TREATMENT AND DISPOSAL
OF LIQUID INDUSTRIAL WASTES IN ONTARIO

Ministry of the Environment, December, 1978

1. Approvals. Only those waste treatment and dispasal processes or sites which have received a Centificate of Approval from the
Ministry of the Environment may be used for the treatment and disposal of hauled liquid industrial wastes. Approved waste

treatment and disposal processes should niot be used 1o treat wastes other than those specified in the apptoval without obtaining
further approval from the Ministry.

2. On-site Disposal. On-site disposal of hauled liquid industrial wastes is not acceptable except where specific approval for the
wastes to be disposed and for the disposal method(s) to be employed has been obtained from the Ministry.

3. Landfilling. Untreated hauled liquid industrial wastes should not be depasited into municipally-owned or privately-owned
sanitary landfills except where provided for in these guidelines.

4. Exemptlons. Wastes covered by other regulations and guidelines are exempted from these guidelines. Such wastes include:
— seplic tank wastes;
— septage from holding tanks; .
= sludges from domestic sewage treatment plants; {
— agricultural wastes (eg., manure); ¢
— PCB wastes;
— Pesticides;
— wastes from milling and mining operations.
Additional exemptions:
— waste slags from metallurgical operations,

5. Allowable Treatment and Disposal. Table 1 indicates the recommended treatment and disposal processes for various
categories of hauled liquid industrial wastes,

Although aliemative treatment and dispesal processes are listed for many of the waste categories, specific wastes may not be
amenable 1o treatment and/or disposal by each of the alternatives listed. For this reason, these guidelines shoutd be used with care.

TABLE 1
Waste Description Waste Treatment Waste Description Waste Treatment
Classification and/or Disposzl Classification and/or Disposal
A.  Organic Wastes 4. Organicsludges - 401 -Asin A(3)
1. **Rich" Organic Plant & animat - land disposal
liquids 202-209 - recovery and re-use based - sanitary landfill
302-304 - reclamation (Approval of MOE or
- incineration owner required)

2. “Lean" Organic
liquids 201-209 - recovery and re-use B.  Inorganic Wastes

302-304 - reclamation 1. Inorganic liquids 101-106  -recovery and re-use
- incineration - physical/chemical
- physical/chemical - deep well disposa$
- biological - solidification
- decp well disposal 2. Inorganicsludges
- wel air oxidation and solids 101-106 - solidification
{(WETOX) - secure landfill
- solidification 3. lnertinuiganic

3. Organicsiudges sludges 402 - sanjtary fandfill
and solids 202-20% - wel air oxidation and solids (Approval of MOE

(WETOX) or owner required)

301-304 - ingineration - land disposal

- secure landfill

- sludge farming

- biclogical zeatment
- land disposal
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Waste Description Waste Treatment 2.  Chromium
Classification and for Disposal hexavalent 103 - chemical reduction
10 trivalent state then
asin B{1) or B(2}
, 3. Cyanides 104 - alkaline chiorination
c ;)l.ll:: ‘::::' — 2 sol(l::ili?ns 100 - e!ﬁg&tl_'odﬁmiul .
1. Oiland water 201 - emulsion breaking pom g?li o?gisdf:r;:llg
- oil separation municipal sewer
- electro chemica) . - incineration
&) oil phase - As for waste 0il, D b) solids - incineration
below 4 Halopenated - secure landfill
b) water phase - Asin A{2) e 2 :ics 204 - incineration
municipai sewer B2 205
system 209
c) sludge phase - indincration 302
- solidification 304
- sanitary landfil{ ] 290
{Approval of MOE 5. Industrial brines 190 - deep well disposal
or owner required) - asrecommended by
- land disposal MOE
6. Mercuryandits
2. Oilinterceptor salts 150 - solidification
and grit chamber 201 - secure landhll - szcure landfill
clean out - sanitary landfill 7.  Scmi-metals and
(Approval of MOE compounds 190 - secure landfill
or owner required) . - solidification
- land disposal - arsenic
- antimony
D. WasteQils 202 - recovery and re-use . bc;mq
- reclzmation o secmum
g . 8. Radicactive
- incineration . ,
- road oiling wasles - to be reviewed with
- fuel for cement kiln MOE and may be
subject to Atomic
E.  Special Wastes Energy Control Board
1.  Caustic regulations
phienolates and 290 - reclamation 9. Tank truck
sutphides from - tncineration washing (all) - a3 recommended by
petro- - deep \.vcll di.f_.posal wastes MOE
chemical - chemical oxidation 10.  Other wastes - as recommended by
processing . MOE
}
Definitions
1. General.

a) “*Hauled Liquid Industrial Wasles' means those wastes generated by manufacturing or processing operations which are
hauled away from the place where they are gencrated to another location, either off-site or on-site, for treatment and/or disposal.
For the purposes of these guidelines, “*hauled liquid industrial wastes™ include industrial waste sludges, semi-solids and solid
wastes.

b} **Off-site” means at a site other than the property owned by the company where the manufacturing or processing operations
which generate the wastes are located.

¢) “*On-site”” means within the property boundaries assodated with the manufacturing or processing operations which generate
the wastes. .

d) *‘Liquid’* means that the waste is in the liquid or fluid statc under normal conditions, can be pumped and must be contained
in a suitable vessel. )

e) “Sludge’ means a mixture of liquids and solids which w*ii flow under normal conditions and can be pumped using standard
pumping equipment or vacuum equipment.

) “Solid" means solid or a8 mixture of solids and liquids which will not flow under normal conditions and which cannot be
pumped using standard pumping equipment.

2. Wastes, :

al “Rich Organic™’ means organic wastes having a total organic carbon content of greater than 5 percent (TOC > percent). Such
wasles would normally contain sufficient BTU value 10 sustiain combustion.

b} **Lean Organic’’ means organic wastes having a 1otal organic carbon content of less than 5 percent {TOC <5 p2reent). Such
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wastes would not normaily sustain combusiion and would require supplementary heat for complete combustion.

¢) “*Halogenated Organics’” means organic compounds containing chlorine, bromine, iodine or fluorine but primarily relates to
chlorinated organic compounds, .

d) **Organic Sludges — Plant and Animal™ means organic sludges resulting from manufacturing or processing operations
involving animals or pans of animals, plants, vegeubles or fruits. These wastes will generally be associated with the food and
beverage industries, animal and fish processing plants and tannery operations.

e} *“Inorganic™ means solutions or aqueous mixtures composed primarily of inorganic compounds but which may contain traces
of organic contamination. .

) *Inen Inorganic™ means inorganic wastes which are not expected 10 change significantly under the conditions 1o which they
will be exposed in the landfill. Approval is required from the Ministry to dispose of in a Jandfill other than a secure landfill any soch
wasles that contain in excess of 100 ppm (onan **as received™ basis) of individual metals or semi-metals that are known 1o present
special dangers to health or 1o the environment, These include;

antimony lead

arsenic mercury

boron nickel

cadmium selenium

cobalt’ tin

copper vanadium
2ine

g} "Industrial Brines™ means aqueous solutions of inorganic compounds having dissolved solids contents of greater than 1
percent (10,000 ppm).

3. Treatnent and Disposal. i

al "Sanitary Landfill"™ means a landfill constructed fot the primary purpose of burying domestic and commercial refuse and
garbage.

b} “‘Secure Landhll™ or **Secure Chemical Waste Landfill"* means a Jandiill construcied for the disposal of chemical wastes in
accordance with the regulations and guidelines of the Ministry of the Environment.

¢} “*Biological™ treatment means any of the biological treatment systems currently in use for the biochemical oxidation of
organic materials.

d! “Deep Well Disposal™ means pressure injection of wastes into approved geological formations.

¢} ""Land Disposal” means direct application onto land using methods approved by the Ministry of the Environment.

) “Incineration™ means incineration in an approved waste incingrator.

g} “*Physical/Chemical™* means any one or combination of 2 number of unit operations commonly employed in the treatment of
wasles and includes .

- emulsion breaking - neutralization

- chemical oxidation - solids removal and thickening
- chemical exidation - carbon absorption

- ion exchange - IEVErse OSmosis

- uitra filtration - electro chemical processes

h) “Recovery and Re-use™ means where wastes are segregated and directed for re-use cither on-site or off-site. and may
include minor pre-treatment such as separation of organic and inorganic phases or separation of solids and liquids.

i} **Reclamation™ means the recovery of a usable product from a waste following exiensive preireatment such as distillation,
chemical treatment, re-refining. etc.

j1 “*Solidification™ er **Chemical Fixation™ means any one of a2 number of processes by which liquid wastes are converted into
stable solid products or encapsulated in 3 manner which prevents their release to the environment.

k) *‘Sludge Farming'" means a process whereby waste sludges are spread onto land. disced into the soil, nutrients are added and
the deposited sludges are turned at frequem intervais 10 ensure continuing bacterial decomposition of the wastes.
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Environmental Protection Act
GUIDELINES FOR SEWAGE SLUDGE UTILIZATION ON AGRICULTURAL LANDS

Apnil, 1977; Revised January, 1986

Foreword

These Guidelines are supported by exiensive research, which has been ongoing since 1971, This research continues to address concerns such
as the potential impacts of sludge spreading practices on human and animal health, land productivity and the environment.

The limits for the coneentrations of || heavy metals in sludges applicd to soil, originally established in the 1978 edition, remain unchanged.
Through these limits, metal application to agricultural soils is controlled. The application rates for ammonium plus nitrate nitrogen provide
a measurc of the plant-available nitrogen in the year of sfudge application. These two features ensure that agriculture can benefit from
sewage sludge unlization.

The Guidelines were approved for implementation by the Ontario Cabinetin July, 1979, Between 1979 and 1982, a phase-in period enabled
municipalities with studges not meeting criteria to improve those sludges or to develop acceptable disposal alternatives.

The changes in this edition reflect experiences gained since Guidelines implementation was approved. Major new inclusions are criteria for
the acceptability of acrobic, dewatered and dried sizdges. The rights and responsibilities of thosc involved in sludge utilization activities —
sewage treatment plant operators, sludge haulers and farmers — are now more fully defined. Some significant inclusions are revisions to
scparation distances, waiting periods and sludge blending criteria and a statement of the need for contingency planning by sewage
treatment plant operators.

The Sludge Utitization Committee, which includes representation from the Ministries of Agriculture and Food, Environment, and Health,
as well as from the University of Guelph, the Municipal Engineers Association. the Association of Medical Officers of Health and the
Ontario Federation of Agriculiure, oversees interpretation, implementation and review of the Guidelines.

1.0 Introduction
1.1 Purpose, Objective and Scope

& Purpase. The purpose of these Guidelines is to facilitate the recycling and use of sewage sludge on land, while protecting the quality of
food, the health of consumers and the quality of the environment. The Guidelines supplemcent Ontario Regulation 309, made under the
Environmental Protection Act.

b.Objective. The objective of these Guidelines is to ensure that, when sewage sludge is applied 1o land, the nitrogen, phosphorus, organic
matter and micronutricnts will benefit erops without degrading the environmeni or risking the health and productivity of the crops, animals
and people of Ontario.

c.Scope. These Guidelines refer 10 municipal sewage sludge, as included under “processad organie waste™ in Ontario Regulation 309, which
was made under the Environmental Protection Act, They do not refer 1o “hauled sewage™ (i.e., wasies removed from cesspools, septic tank
systeras, privy vaulls, privy pits, chemical toilets, portable toilets and sewage holding tanks) 10 other unstabilized wastes. or toother organic
wasies, ’

1.2. Sludge, Soil and Crop Monitoring

The Ministry of the Environment monitors nitrogen, phosphorus. total solids and cleven heavy metals in sewage sludge. The Ministry of
Agriculture and Food records the background concentrations of metals in soils. cvops. animal feed and animal products. In co-operation
with the Ministry of the Environment, it also routinely determines certain metal concentrations in soils. to verify acceptability. The areas
sampled include those in which naturally-occurring metal concentrations may be expecied to be high and fields to which municipal sewage
sludge has been applied for extended periods.

In addition, before the Minisiry of the Environment issues Certificaies of Approval for sludge application, it verifies that the resulis of soils
analyses, conducted within the previous three vears, demonstrate that soil pH and s0il phosphorus concentrations are accepiable,

1.3. Value of Sewage Siudge

Sewage sludge is a valuable replacement for nitrogen and phosphorus fertilizers. It also supplies other nutrients, such as magnesium, zinc.
copper and boron. The organic matter in sewage sludge improves soil structure.

2.0. Criteria Relating to Sewage Sludpe Processing
All sewage sludges must be stabilized. before being spread on land. to reduce their odour potesiial and to reduce the number of pathogenic

orgamsm,
Proper anacrobic and aerobiv digestion provesses provide appropriate stabilization. Other stabilization methods aee discussed in the
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Minisiry of the Environment’s “Guidelines ta Govern the Stbilization and/or Dewatering of Municipal Sewage Sudge Prior to Its
Utilization/Disposal™. Case-by-case judgment on the acceptability of these ather methods is usually necessary.

3.0 Criteria Relating to Nitrogen and Phosphorus

Before sludgeis applicd, the farmer should be advised of 2mmonium plus nitrate nitrogen and phosphorous concentrations, so that sludge
and fertilizer rates may be adjusted.

3.1. Available Nitrogen

Nitrogen is usually the most valuable agricultural constituent of fuid anaerobically digested scwage sludges. These sludges normally
contain 0.1 160.3% 1otal nitrogen, of which 25% 10 50% is in the ammanium form. Aerobic and dewatered sewage sludges usually contain
appreciably less total nitrogen, a small partion being in the ammonium and/or nitrate form. The ammonium plus nitrate nitrogen present
in sewage sludge provides an approximate measure of the nitrogen available for crop use during the year of 2pplication. Unless the sludge is
immediately incorporated into the soil, up to 50% of its ammonium nitrogen can be lost by volatilization. Conversion by sail
micro-organisms, of some of the organic nitrogen in the siudge 10 ammonium and nitrate, partally compensates (or this volatilization
loss.

3.2. Nitrogen Application Rates

321 Typpes of Crop.

a. Application rates for sewage sludge are based on the nitrogen fertilizer recommendation for the crop, as described in the OMAF
Publications 296 (Ficld Crop Recommendations) and 360 (Fruit Production Recommendations), which are revised annually.

b. Although many crops benefit from annual ritrogen application, the sludge application rate should not exceed 135 kg. of ammonium
plus nitrate nitrogen per hectise, over a five year period or over a four year period for commervia) sod.

The intent of this requirement is to control the rate of accumulation of phosphorus and metals in the soif and 10 provide for their wider
distribution.

c. Criteria for the use of sludge for specific crops are given in Table 1. Corn, for grain or silage, grass for hay or pasture, and commercial
sod, which require substantial amounts of nitrogen. are best suited 10 use sewage sludge as a nitrogen soucce. I care is 1aken in the rale and
time of application, sewage studge can be applied to cereals, which require less nitrogen, and to other crops. including legumes such as
alfalfa, wefoil and soybeans, which require little or no nitrogen. The quantity applied, in any one growing scason, should be based
on:

i. ammonium plus nitrate npitrogen content and

ii. the nitrogen fenilizer recommendation for the crop (see OMAF Publications 296 and 360). Legumes are an excaption in that the
allowable sludge application rates may provide more nitrogen than is recommended, without crop damage or impairment of
groundwater quality. In no case may the nitrogen application rate exceed that specified in Section 3.2.1b. above.

3.2.2. Time of Application. Sewage sludge is most effective as a nitrogen source when applied in spring. Late summer and fall applicatiens
are permitted, but subsequent nitrogen losses by leaching and denitrification will usually be greater than when the sludge is spring applicd.
Nitrogen, ~pplied in late summer and fall, is about 50% as available to crops as that in spring applications. The rates of sludge applications
in late summer and falt can be increased proportionally. Exceptions are grass and commercial sod, which can use appreciabie amounts of

nitrogen in the fall,
In no case may the nitrogen application exceed that specified in Section 3.2.1b, Criteria for specific crops are shown in Table 1.
3.3. Nitrogen Analyses

Analyscs, to determine the ammonium plus nitrale nitregen concentrations in sludge must be performed regulasly. The frequency of these
analyses should permit the estimation of this nutrogen concantration within 25% of the actual concentration.

3.4. Phosphorus

The acid soluble phosphorus content of the sludge should be determined. This phosphorus is approximalely 40% a» available 10 plants as
fertilizer phosphorus. Sewage sludge is a rich source of plant-available phosphorus. .

4.0. Criteria Relating ro Contaminants -
4.1. Metals in Sludge of Concern 1o Agriculture
The metals in sewage sludges of concem to agriculture are arsenic, cadmium, cobalt, chromium. copper, mercury. molybdenum, n@ckgl,
lead, selenivm and zinc, Data and eritenia for these metals are shown in Tables 2 and 3. In addition. a synopsis of background information is
presented in Appendix I1.
4.1.1. A cceprability Criteria and Spreading Rates. Only sludges with low meal concentrations are suitable for use on land. Analyses myst be
provided 10 show that the sludges used conform with the criteria sel out helow,

3. Anaerobically Digested Sludges. The nitrogen o metal ratios. as shown in Table 2 column #, relute ammonum plus mtrate nitrogen
concentrations 1o acceptable metal concentrations. The averages of metal concentrations in the sludge during the preceding |2 months are
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divided by the average of ammonium plus nitrate nitrogen concentrations during the same period. Altematively. at the discretion of local
MOE s1alf, the average of the last 3 metals analyses may be divided by the average of ammonium plus nitrate nitrogen concenlrations
during the same period. Sludges, with ratios equal to or greater than those in eolumn 5, are suitable for use on Jand; those with lower ratios
are judged unsuitable. ' .

Application rates are based on the concentrations of plant-available nitrogen i.c. ammonium plus nitrate nitrogen. The nitrogen
application rate should not exceed that specified in Sections 3.2.1b and c.

b. Aerobically Digested and Other Stabilized Aerobic Shudges. Qmario studies have shown that these sludges have low ammonium plus
nitrate nitrogen concenirations and do not normally meet the nitrogen to metal ratios required for anaerobic studges (Table 2, column 5).
However, they contain substantial amounts of phosphorus, micronutrients and organic matter, which are valuable to agriculture.

For the usc of acrobic siudges on lznd to be acceptable. their metal concentrations should not exceed those specified in Table 3. The
averages of metal concentrations in the sludge during the preceding 12 months are divided by the average total solids concentrations during
the same period. Alternatively, at the discretion of local MOE staff, the average of the last 3 metals analyses may be divided by the average
of total solids concentrations during the same period may be used, Sludges, with concentrations equal 1o or tess than those in Table 3 are
suitable for use on land; those with higher ratios are judged unsuitable. Refer to the calculation at the boitom of Table 3.

Acrobic sludges may be applied at rates up 10 8 1onnes of solids per hectare per five years. The nitrogen application rate should ot exceed
that specified in Section 3.2.1b and ¢.

c. Dewatered and Dried Sludges. These sludges contain substantial amourits of phosphaorus, organic nitrogen, micronutrients and organic
matter, which are valuable to agriculture, However, there are substantial losses of plant-available nitrogen when sewage sludges are
dewatered or dried. For 1his reason, fluid sludge is preferable to dewatered or dried sludge for use on land.

All dried and dewatered sludge used on land must conform with Table 3. Anacrobically digested sludges used on land must, prior to
dewatering or drying. also be stabilized and confonm with the criteria set out in Table 2.

Dewatered 2nd dricd sludges may be applied at rates up to 8 tonnes of solids per hectare per 5 years. Refer to the caleulation at the bottom
of Table 3. The nitrogen application rate should not excecd that specified in Sections 3.2.1band ¢,

The farmer must be advised of ammonium plus nitraie nitrogen and phosphorus concentrationsin dried or dewatered sludge, so thathe can
adjust sludge and fertilizer applications accordingly.

d, Compasted Sludges. Guidelines for composting sewage sludge are being developed. In the meantime, enquiries should be directed to
MOE Regional er District Offices.

4,12 Marginally Acceptable Studges. A marginally acceptable sludge is one which fails to mest the aceeptability criteria for metals, but
which is within 10% of those criteria. Such studges can be applied on a temporary basis. Application rates must then be proportionally
reduced. If, after repeated sampling, those sludges do not mert the metals critena, action must be taken (o make them acceptable.
Alternatively they must be disposed of by means other than utilization.

4.2. A Program to Limit Metal Accumulation in Scils

Only anacrobically digested sewage sludges with ammonium plus nitraie nitrogen to metal ratios equal to or greater than those in Table 2,
column 5, or acrobic sludges with metal concentrations no greater than those in Table 3 may continue to be used on land.

The application of a sewage sludge complying with these Guidelines could elevate the metal concenirations of a typical Ontario soil to the
maximum limits recommended within 25 to 55 years. 1f metal concentrations in sludges are further reduced, sludge application can
continue for a longer period of time. For example, if the nitrogen to metal ratios for 2n anaerobic sludge are no greater than those in Table 2
Column 7, its application 16 the same area of land can continue for at least 250 years.

4.3. Industrial Organic Contaminants

There are significant gaps in knowledge, with respect to the fate of organic comaminanis in sewage sludges applied to land, There is no
evidence at present that organic conlaminants in municipal sewage sludge applied 1o land poses a risk to human health.

Research programs are being undertaken in Canada and the United States to improve methods for determining the nature, extent, late and
elfects of toxic organi¢ compounds in the environment

5.0. Criteria Relating to Spreading Sites

Under the Environmental Protection Act, all sludge spreading sites must be certified by the Minisiry of the Environment. Prior to site
certification and sludge use, factors such as site location, land and soil characteristics and proposed sile management methods must be
assessed to minimize potential hazards 1o surface watercourses, groundwater, wells and residences.

5.1, Separation Disiances

S5.1.1. Surface Watercourses. For the purposes of thesc Guidelines, a surface watercourse is defined as a natural or established surface
watercourse or an open municipal drain along which water Nlows on a regular basis. Points of direct access (such as catch-basins to drainage
tiles or municipal drains) should be treated as watercourses for scparation distance purposes. ]

The minimum distance between the spreading site and 2 surface watercourse should normally be determined from Tabled, which takes into
account land slope and soil permeability. If sludge is incorporated into the soil at the time of applicaticn, it may be applied closer to a
watercourse than indicated in the Table, However, it should not be applied within 10 metres of any watercourse or body of water.
Ministry of the Environment staff will advise on separation distances from bodies of water or drainuge channels other than surface
walercourses as Jdeflined above.
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512 Groudwater. The ground water table should not be kess than 0.9 metres below the soil surface at the time of sewage sludge
application.

5.13. Bedrock, Sewage siudge application should not normally be allowed where the unconsolidated materials overlying bedrock are less
than 1.5 metres thick. Under special circumstances, and based on site-specific information which demonstrates that the risk of ground and
surface water contantination is minimal, sites with lesser thickness of the unconsolidaied materials may be used.

5.14. Raidences According to Ontario Regulation 309, the minimum separation distances from residences in residential areas and
individual residences not in residential areas shall be 1500 feet (450 metres) and 300 feet (90 metres) respectively, If the Regulation should,
tn the future, permit it and where there is little cause for concern, these distances may be reduced. In no case should they be less than S0
metres and 25 metres respectively.

When sludge is applied 10 land in the proximity of residences, concems may arise due 10 the potential for odours, air-borae drift of sludge
particles and surface run-off. The cxient of these concerns will depend upon the sludge application method and land slope.

When sludge is spray irrigated, these concerns may be greater than when surface spreading is used. Reduced separation distances may, in
future, be permissible when soil injection methods are used.

§.1.5, Water Wells. According to Ontario Regulation 309, the minitmum separation distance from any water well shall be 300 feet (S0
metres), If the Regulation should, in the future, permit it and where there is little cause for concemn, this distance may be reduced. In no case
should it be less than 15 metres.

5.2. Soil Criteria

5.2.1. Organic Soils.Sewage sludge may be applied 10 ‘mineral’ soils but not to *organic” soils, ‘Organic’ soils are soils which contain 17% or
more of organic carbon by weight and which have a depth of 0.4 metres or more of unconsolidated organic matenial. Soils which do not meet
these specifications are termed “mineral’.

522 Meials. Sewage sludge may not be applied to soils whose metal concentrations are equal to or greater than those in Table 2, column
3.

523, Phosphorus. Sludges may not be applied to soils containing more than 60 miligrams of sodium bicarbonate extractable phosphorus
per litre in the top 15 centimetres.

52.4. Soil pH. Most metals are more soluble and available to plants in acid soils than in neutral or calcareous soils. Thus, sewage sludge
should be applied only to soils with pH values of 6.0 or greater. However, sludges derived from the lime treaiment of sewage for phosphorus
rempoval and lime stabilized sludges may be applied 10 soils of lower pH, when they will raise the soil pH 10 6.0. Soil pH may also be raised by
the addition of agricultural ime.

5.2.5. Soils Tests. Cerntificates of Approval will not be issued, nor will sludge spreading be permitted, unless satisfactory analyses for
phosphorus and soil pH are available from soil samples taken within the previous three years.

5.2.6. Snow Covered and Frozen Ground To minimize runoff, it is preferable that sludge should not be spread on frozen or ice covered soil,
Sludge spreading is accepiable when there is litile or no frost in the soil and the surface is snow-covered. For flat fields having a sustained
slope of not more than 3%, spreading may be allowed on [rozen soil, provided that the risks of runoff have been determined to be minimal.
In such cases, separation distances from surface water courses should be at feast 120 metres, Where surface run-off is expected as a resuli of
snow-melt, 2 more critical evaluation of the site will be required.

5.3. Runoff Efimination and Soil Compaction Reduction

Soil tilage and sewage sludge application should, where possible, follow the contours of the land. Traffic by sewage sludge spreading
vehicles should be minimized 10 reduce soil compaction.

Sewage sludgeis best applied to unploughed soil when the residues of the previous crop are present 1o help control runofl. particularly when
sludge is applied during the winter.

5.4, Waittng Pertads After Spreading

Following sludge application, waiting periods in accordance with Table 1 are necessary. These wailing periods are required because, even
after stabilization, sewage sludge contains some pathogenic organisms,

6.0, Sludge Handling and Spreading
6.1. Sludge Application

The maximum depth of fluid sludge which may be spread at any one time is 1.3 em. There mav be no subsequent applicauon uniil Lhe
preceding application has dried. Criteria for maximum application rates are provided in Sections 3.0 and 4.0

Uniform spreading of sludge is esseniial 10 ensure that cach part of the ficld rectives the same rates of sludpe nutrients and metals
Spreading vehicles should have calibrated equipment which can be relied o 1o control the rate of sludge application, Unsealed tanks, for

.
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which gravity flow and ground speed are the only means of adjusting rates, will not spread sludge uniformly,

Sewage sludge should not be spread if the vehicic would cause undue compaction or damage sail structure, Spreading vehicles with
fotation tites are preferred. Even flotation tires can cause serious soil compaction when the soil is wet.

The overall quality of spreading is 2 major factor affecting the willingness of farmers 1o continue using sewage sludge.

&2, Storage and Blending

6.2.1. Requirements for Storage. A Certificate of Approval is required for a sludge storage facility. Sludge spreading may be impracticable
:during inclement weather and during the required waiting periods between spreading and cropping or pasturing. Sufficient storage must be
available 10 retain sludge during these periods.

In Ontario, carthen lagoons are generally used for shudge siorage or blending, but other facilitics are also used. Studge must meet the
Guidclines® criteria when it is spread on land, Therefore, it must be well-mixed, so that it is of uniform quality before it is withdrawn from
storage.

6.2.2. Sludpr Blending. Sludge storage presents an opportunity for blending. Two or more sludges with unacceptable nitrogen to metal
ratios or metals content may, after blending. form an acceptable sludge mixjure In such circumstances, proper mixing is essential, Periodic
verification, that sludge taken from the blending fadility is uniform and meets the guidelines® critenia, is required.

6.23. Studge-Manure Blending. The blending of acceptable sewage siudge and liquid livestock manure is aceeptable, provided adeguate
storage and land for spreading arc available. The spreading rate should be related to the nitrogen requirement of the crop. Not more than
1.3 cm depth of the blended matetial may be applied at any one time, The total amount of studge applied per 5 years must not exceed that
specified in Section 3..1b or Section 4.1.1b. It is the farmer's responsibility 10 spread blended sludge in accordance with the
Guidelines.

6.3. Responsibilities and Rights.
Some of the responsibilities and rights of those involved in sludge utilization are outlined below.

€3.1. Operating Agencies. The responsibilities of agencies operating sewage treatment plants are set out below,
a Record-keeping. Records are to be kept of:
i. The location of all fields receiving sewage sludge;
ii. The scwage sludge applied 1o each field; and
iii. Sludge Analyses. A report, similar to that shown in Appendix 1, is to be provided to the sludge hauler, The report shall include
dats on the studge's average outrient content per cubic metre.
The farmer shall, on request, be advised of the anpual average quantities of metals per cubic metre of sludge.

b. Sample Submission. The number of sewage sludge samples analyzed must be sufficient 10 establish representative values for all
pertinent parameters. Sampling frequency is subject 10 approval by MOE Regional staff,

€. Monitoring Application Rates. Steps should be taken to verify that the sewage sludge application rates conform with thsoe specified by
Centificates of Approval.

d. Contingency Planning. Sewage treatment plant operating authoritics are required to prepare contingency plans for situations where
sewage sludge quality may temporarily fail w meet the requirements of these Guidelines, These situations may be the result of digester
failure or cleanouts and plant maintenance or expansion. These plans must provide for alternative methods for treatment and/or
disposal.

Exemption from the Guidelines (see Section 7.0) will be considered only in unusual circumstances,

¢. Marginal Sludges. Operating authorities will review the acceptability of their sludges immediately after individual analyses become
available. Measures should be taken to prevent studges from becoming unacceptable.

Whenever marginal sludges are utilized on agricultural land, the farmer is to be advised of the deviations in sludge quality.

63.2. Studge Haulers. The havler must spread the sludge uniformly over the surface of the land at the rate required by the farmer, (See
Section 6.3.3.) The actua! nitrogen application rate (in kilograms per hectare) and/or the sludge application rate (in cubic metres per
hectare) must not exceed those specified by the Ministry of the Environment,

The hauler must maintain all required separation distances and comply with other site requiremenis. Staking of distances from wells,
watcreourse and residences can sometimes facilitate this.

The hauler must ensure that the farmer receives a teport. similar to that shown in Appendix 1, s soon as practicable afier completion of
sludge application to any one field.

The rights of the farmer must be respected with regard to timing and rate of application (see Section 6.3.3),

63.3. Farmerx. The farmer, the sludge hauler and the sewage treatment plant operator should work together 10 develop a sludge utilization
program for cach field used. The farmer has the right and the responsibility 1o insist on program flexibility, so thai sludge application rates
may be adjusted to suit the nitrogen and phosphorus requirements of the crop. In addition. the farmer may direct that sludge spreading
operations be discontinued immediately,

The farmer also has the responsibility to see that appropriate waiting periods between sludge spreading and cropping or pasturing are
observed.

Farmers wall receive o cops of 2 report simitat to that ~hewn in Appendiv 1.
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7.0. Exemption {rom the Guidelines

}Vhex} sludg_c c_{ua.lily deviates from the requirements of these Guidelines, sludge application to agricultural land may be considered, on an
interim basis. in unusual circumstances only. These unusual drecumstances will not normally include situations which can be foreseen and
for which contingency plans. as discussed in Section 6.3.1d, are 10 be developed. '

Excz_nplions from the Guidelines will be considered on a case-by-case basis, through consultations between stalf of the Ministry of the
Environment and the Ministry of Agriculture and Food.

8.0. Complaints and Guidelines Interpretation

Questions on Guidelines” enforcement and their interpretation should be directed to:
h;.l. u(:-mF local staff, when the questions relate to spreading methods, the need for supplemental lentilizers, crop quality, or animal

b. MOE locat staff, when 1he questions relate 1o sitc approvals, sludge haulage, sludge quality or environmental issues.
¢. The local Medical Officer of Health, when the questions relate to public health.

These ?gmdd consult with one anather as may be appropriate to ensure that agricultural, envitonmental and health considerations arc
1aken into account, When necessary, these agencies also consult with the Sludge Utilization Commitiee.

Table 1
{not reproduced)
TABLE 2
METAL CRITERIA FOR FLUID* ANAEROBICALLY DIGESTED SEWAGCE SLUDGES
i 2 2 4 5 ) 7
Hotal Hean Matal Maximuo Maximuom Minimum Number of Years To { Minimum ammonium
Content of Percissible |Parmissible Ammoalum plus | Resch Maximun plus Nitrats Nitrogen
Uncontaminated| Matal Metal Addition | Nitrata Nitrogen | Recommended Katal | (NH{ -N plus
Ontarlo Solls | Comtentin |t Soll d (NHy ~N plus Content in Soll NU3 »N) to Mstals
ug/g} Soft kg/ha) NOj =N) to {col. 1), Based on | Ratios Required To
tug/g)® wetal Fatios cola, 2.3 and Give Maximum Por~
Required in 5C. missibla Matal
Sewage Sludge Content in Soll
(col. a) in 250
ysars
ARSENIC 7 14 14 100 S0 480
CADMIUM 0.8 1.6 1.6 300 30 4200
COBALT 5 20 kL] 50 55 220
CHROMIUM 15 120 210 3] 15 2
COPPER 25 100 150 10 55 45
MERCURY 0.1 0.5 0.8 1500 45 2400
MOLYBDENUM 2 L] q 120 25 1700
NICKEL 16 32 2 40 45 210
LEAD 15 60 80 15 S0 79
SELENIUM 0.4 1.6 2.4 500 43 2800
ZINC 55 20 30 4 50 20

a3 Dewatered and dried sludges are to meel the Column 5 criteria prior to dewatenng ané <rying.

b Based on dry weight at 100°C. The terms ug/g and mp/kg are interchangeable.

c Based on 135 kg. of ammonium plus nitrate futrogen per hectare per
Number of years is rounded off 1o the nearcst five years.

d Columns 4. 6 and 7 apply to solls of mean metal content [col
content.

five years and sewage sludge having minimum ralios .

umn 2) and require adpustzent for soils lower or higher 1n metal
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TABLE 3

METAL GRITERIA?
FOR ALL ASROBIC SEWAGE SLUDGES AND
FOR ALL DRIED AND DEWATERED ANAEROBIC SEWAGE SLUDGES

Motal ' Maximum Permisatblo
I(dq Coamntnu%n
mg/kg of solids)
Arsenic 170
Cadmlium k7]
Cobalt kL1
Chromium 20800
Copper 1700
Mercury 11
Molybdenum 94
Nickel 420
Lead 1100
Solantum n
Zinc 4200

a For permissible number of years to reach maximum metal con-
centrations in soils, refer to Table 2. column 6.

b Acceprability will be judged on the basis of the ratio of the average
metal concentration during the preceding 12 months to the average
concentration of solds during the same period or. at the discretion
of local MOE staff and when solids and metals analyses are conducted
once & month, on the basls of the last 3 results.

CALCULATIONS FOR AEROBIC SLUDGE USE ON LAND

1. To determine asludge acceplability, calculste ‘Actual Metal
Concentratlons' and compare with the above Permisuible Values

f.e.  Metal Concentration (mg/1} x 105 = me of metal
udge Solids concentration (mg/l}  Kg of solids
2. Calculate maximum appilcation rate per 5 year period.

i.e. a x 106 = Cubic Maires of Sludge
Sludge Sahids (mg/1) Lan« Area in Hectares
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OBJECTIVES FOR THE CONTROL OF INDUSTRIAL WASTE DISCHARGES IN ONTARIO,

Ministry of the Environment.

The Ministry of the Environment tc.qnitcs all industries discharging wastes 10 public waters to undertake efffuent improvement
programs (0 meet the following objectives: .

Protecion of Recelving Waier. In keeping with the overall policy of protecting water quality while recognizing an essential use for
treated wastewater disposal, the Ministry may require industrics contributing wastes not specified in the following, to limit, destroy,
femove or modify any waste constituents that may be in question. This may apply to wasts constituents that ate not readily removed
by conventional treatment and are only reduced by dilution anc’ other nawral stream purification processes,

In order to maintain acceptable water quality conditions in the receiving water, it will be necessary for industry 1o provide more in-
tensive waste treatment as the density of indusirial and other development increases.

Desirable Efftuent Discharge Characteristics.

1. S-day Blochernical Oxygen Demand (BOD). Unless otherwise specified by the Ministry, the concentration of BOD in wasiewaters at
the point of discharge to the receiving waters shall not exceed 15 milligrams per litre (mg/1) at any lime. In determining the ac-
ceptability of BOD concentrations in wastewater discharges other than 15 mg/1, the Minisiry will apply the following criteria:

— the BOD in the receiving stream after initial dilution shall not excesd 4 mg/1 at any time consistent with specified minimum Jevels
of flow,

— the conceniration of dissolved oxygen (DO) in the receiving siream shall not fall below 6 mg/l for receiving waters inhabited by
coid water fishes or below 5§ mg/l for receiving waters inhabited by warm water fishes.

2. Suspended Sollds. The concentration of suspended solids in wastewater at the point of discharge 10 a receiving water shall not
excesd the concentration of suspended solids in the industrial water supply by more than 15 paris per million by weight, or as
otherwise specified by the Ministry.

3. Ol end Greases. The concentration of oifs and greass of vegetable. animal or mineral origin in wastewater shall not exceed 15
parts per million by weight at the point of discharge 10 the receiving water.

For certain recciving waters, the requirements may be reduced below the 1§ ppm limit 10 prevent cbjectionable aesthetic conditions
arising.

4. Metals. Unless specified otherwise by the Ministry, the concentrations of component heavy metals in wastewater discharges shati
not exceed the limits specified below:

— cadmium 0.001 mg/i (sssentially zero)
— chromium 1.0 mg/t
— coppet 1.0 mg/t
—lead 1.0 mg/t
— mercury 0.0G1 mg/! (essentially zero)
- nickel 1.0 mg/1
—tin 1.0 mg/t
—nc 1.Omgsl

Note: The total quaniry of metals discharged will also be considered and difutien with clean water sireams 10 Ivhieve the abosve
concentrations is not acceptable.

5. Phenols. Unless otherwise specified by the Ministry, the concentration of phenol in wastewaters at the powtt of discharge shall nor

exced 20 parts per billion (ppby. In determining the acceptability of phenol concentrations in wastewater dischazzes ather than 20
PPY, ihe Ministry will apply the following criteria:
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~ phenol or phenolic cquivalents should not exceed an average of 2 ppb or 2 maximum of 5 ppb in the receiving waters following
initial dilution in a defined mixing zone. .

6. Toxic Substances. Matctials or waste components that are toxic 10 aquatic lifc or render the water unsuitable for porable or
recreational uses shall be eliminated or destroyed. -

% Ammonia. Unless otherwise specified by the Ministry, the concentration of ammonia (NH, as N) in wastewaters ai the point of
discharge o the receiving waters shall nof exceed 10 milligrams per litre {mg/1) at any time.

In view of the known acute 1oxicity of ammonis to aquatic life. 2 more suringent effluent quality requicement may be applied con-
sistent with the availability of practicable technology.

8. pH. The pH or relative acidity or basicity of wastewaters shall be controtied and maintained within the rangeof 5.5109.5.

9. Sulphate, Chlorides and Dissolved Solids. The policy of the h;inis:ry is to minimize the build-up of sulphaies, chlorides and
disso|ved solids in the receiving warters. Therefore, the quantities of these materials in wasiowater discharges should be kept as low as

possible consistent with the application of best available, practicable technology.

10. Taste and Odour. Waste materials or components of wastewaters that impart tastes and odours to the receiving waters or to fish
and thereby render the waters or the fish unsuitable for use shall be eliminated or destroyed prior to the discharge of the wasiewarers.

1. Temperasure. Unless otherwise specified by the Ministry, the temperature of wastewaters {including cooling waters) at the point of
discharge. shall not exceed the temperature of the receiving waters by more than 11°C (20°F).

More stringent requirements may be imposed where it is considered that a change in the general level of temperature in the receiving
stream, resulting from a heated discharge, may exceed the temperature tolerance range of an established fish specics.

12. Aesrhetic Qualities. Trearment or control shall be effected 10 ensure that waste discharges do not impair the aesthetic qualities of
the receiving water by imparting colour, by giving ris¢ to accumulations of solids, oils or greases. by inducing foaming, or by other

adverse effects.

taaly
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Appendix 3 Case Study Data

A3.1 Process Descriptions

1. Phoenix Park Gas Processing Plant (Roger Moore, Operations Manager)

1. Dehydration of incoming raw gas. using 3A mole sieve (mole sieve is regenerated using residue gas
heated by a gas fired heater, stabilized to atmosphetric pressure)

2. Gas flows to propane recovery tower, demethanizes liquids in cooling section, decthanizes at higher
temperature and pressure resulting in 98% propane recovery with a 200 psi pressure drop; tower
also removes any Hy5

3. Depropanizer and debutanizer remove propane and butane; remaining liquid product blended with

natural gasoline.

2. Trinidad and Tobago Methanol Gas Company Limited (Mr. R. Roopnarine, Shift Supcrvisor)

Low pressure synthesis

1. Desulphurization, with mercaptans removed by NiMo catalyst and removal of sulphur by zinc oxide
(Zn0 + HyS — ZnS + Hy0)

2. Steam reforming in furnace, 400 tubes, 40ft long with Ni based catalyst; CH4 + HyO<« CO + 3Hj then
CO + HyO < CO; + Hy and CHy +2H,0 < CO, + 4H; @ 860°C, 17 atm; net reaction
endothermic; waste heat recovered by producing steam through a serics of heat exchangers

3. Condensate stripping with recovery of process condensate (H0); treated with ion exchange resins

4. Synthesis gas compression; CO + 2H, < CH30H then CO5 + 3H, <> CH30H + H,0; net reaction

exothermic; CO, purchased to utilize alt H

229
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5. Synthesis reactor; compressed gas —» quench reactor (2 reactors; one on stream 1990); Cu based

catalyst
Methanol condensed, removed — 78-80% MeOH

6. Distillation; two columns in series - produces product methanol, fusel oil, wastewater, methanol stored
in tanks on site

' Nitrogen process

1. Compressor takes in air which is compressed through freon cooling system to remove water.

2. Molecular sieve removes CO,

3, Cryogenic system cools the remaining gases to -183°C and O, is removed from the bottom of the

column; N7 is removed from the top of the columa.

3, Fertilizers of Trinidad and Tobago (Reynolds Piggott)

1. Sulphur removed from natural gas

2. Reformer, N catalyst, 1500°F

3. Reformer, 18009F produces heat for steam turbines; gas now H. COy, N

4. CO converted to CO, (shift converter), dried by contact with triethylene glycol
5. CO, removal by MEA - 60% to urca, MeOH plant, another 20% to new plant
6. Methanator - removes final CO,

7. Ammonia converter - 12% converted, rest of gas recycled back

4. Trinidad and Tobago Urea Company (Shaheed Mohammed. Manager, Technical and Engineering)

1. Ammonia and carbon dioxide compressed to 150 - 200 kg/m3. at 180-200°C, to form ammonium
carbamate; 2NH3 + CO; — NH4CO,NHp

2. Dehydrated to form urea; NH4CO»NH, — CO(NH3) + HyO

3. Carbamate and ammonia stripped. returned to reaction

4. Water flash evaparated to 90% urea solution: water stripped. fed to boiler feed system
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5. Vacuum evaporator produces 95.5% urca
6. Urea formaldehyde injected to reduce hydroscopic tendencies
7. Urea granulated using hot air

8. Extracted, cooled with dehumidified air, sieved, transferred and stored for shipment

5. Caribbean ISPAT Ltd. (Malcolm London, Safety Officer)

1. Natural gas is reformed into carbon monoxide and hydrogen with spent process gas over a licated
catalyst
la. Limestone is burnt in a kiln to produce lime; CaCO5 + O — Ca0; + CO,

2. The reformed gas. lump ore, burnt lime and oxide pellet is introduced into the gas reduction furnace, a
counter current gas-solid contact shaft furnace which promotes deoxidation of iron in the salid
state. End product (DRI) is a porous solid containing 92-95% iron and inert impurities’

2a. Dust collected from the furnace is bound with sodium silicate and lime and compressed into brickeltes

3. DRI and scrap metal is melted in 2 electric arc furnaces, capacities of 100 tonnes, or a ladle furnace
(high C steel), capacity 100 tonnes, then cast into billets. Calcium carbide and rice husks arc
added as conditioners; anthracite is added depending upon the carbon content desired and lime is
added.

4. Rillets are heated in a walking beam reheat furnace (T =1200°C); reduced by rolling milis into wirc rod

5. Wire rods are cooled through straight ;ﬂvater boxes and air cooling conveyors and trimmed

6. Wire rods are inspected and further trimmed; they are then baled and moved to the storage yard. They

are then reinspected and moved to the docks for loading.

A3.2 Input and Waste Components
The following tables detail the four major components of input and wastc materials for cach
plant. Only inputs that are considered to be 'simple’ are included such as wastes which are not

manufactured or are not a specific mixture of substances, such as a commercial biocide which would not
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be ‘simple’. These are the inputs which will be used for comparison with the wastes to determine if wastes
can be used as inputs. Input tables also indicate the maximum and minimum percents of the specific

component allowed for that process, while waste tables list the percents of the components found.

Table A3.1 Input components for the Phoenix Park Gas Processing Plant

Input Component Percent Component Percent
1 avg, min max 2 avg. min max
raw natural gas methane 93 90 100 ethane 33 0 5
methanol methanol 100 100 100
gas heating water ~ water 100 99.99 100
washwater water %9 97 100 dint P 0 3
sanitary water water 999 99 100
Imput Component Percent Component Percent
3 avg min max 4 avgmin max
raw natural gas propane 1.2 0 2 butane 063 0 1
methanol
gas heating water
washwater

sanitary water

Table A3.2 Waste components from the Phoenix Park Gas Processing Plant

Waste Component % Component % Component % Component %
1 2 3 4

water water 99.9

carbon dioxide/H,O  carbon dioxide  55.5 water 455

canister filters fibre 60 steel 20 plastic 5 oil/dirt 15
dust filters fibre 60 aluminum 20 plastic 5 oil/dint 15
paper filters paper 99

gas heating water walter 99

compressor oil oil 99

plant washings waler 99 dirt 1

sanitary water water 99

sewage sludge water 95 solids 5

molecular sieve Al203 90 water 8 hydrocarbons 2
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Table A3.3 Input components for the Trinidad and Tobago Methanol plant

Input Component Percent Component Percent
1 avg, min. max. 2 avg. min. max.

calcium calcium ©99 99 100
hypochlorite  hypochlorite
dispersant dispersant 99 99 100
freon freon 100 100 100
phosphate phosphate 98 95 100
sulphuric acid  sulphuric acid 98 95 100
water water 99.9 99.9 100
solvent solvent 100 100 100
carbon dioxide carbon dioxide 99.99 99.9 100
natural gas methane 958 92 99 ethane 3.42 1 5
water water 100 100 100
boiler water ~ water 100 160 100
phosphate NazPOy4 88 85 90 NaPOy 12 15 10
sodium sodium - 100 100 100
hydroxide hydroxide
sulphuric acid  sulphuric acid 99 95 100
Input Component Percent Component - Percent

‘ 3 avg. min. max. 4 avg. min. max.
calcium
hypochlorite
dispersant
freon
phosphate
sulphuric acid
waicr
solvent
carbon dioxide
natural gas propane 0.052 0.001 0.1 carbon dioxide 0.556 0.2 07
water
boiler water
phosphate
sodium
hydroxide

sulphuric acid
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Table A3.4 Waste components from the Trinidad and Tobago Methanol plant

Wastes

cool. water

boiler blowdown
freon

solvent

process water
nickel catalyst
zinc oxide
lubricating oil

oil filter
regeneration water
spent anion resin
spent cation resin
carbon dioxide/water

Component
1

water

water

freon

solvent

water

nickel

zinc oxide

oil

fibre

water

anion resin

cation resin

carbon dioxide

555

% Component
2

99.9

99

100

99 dirt

99.9

10 Al;O3

40 zinc sulphate

98 dint
60 steel

100

99
99
water

% Component %

Component %

3 4
1

90

60
2

20 plastic 15 dint 5

45.5
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Table A3.5 Input components for Fertrin and the Trinidad and Tobago Urea Company plant

Input

air

natural gas

water

carbon dioxide
water
monoethanclamine
triethylene glycol
water

solvent

activated carbon
water

sodium hydroxide
sulphuric acid
salt water

~ sulphuric acid

Input

air

natural gas
water

carbon dioxide

water

monoethanolamine
triethylene glycol
water

solvent

activated carbon
water

sodium hydroxide
sulphuric acid

salt water
sulphuric acid

Component

1
nitrogen
methane
water
carbon dioxide
walter
monoethanolamine
triethylene glycol
water
solvent
activated carbon
waler
sodium hydroxide
sulphuric acid
salt water
sulphuric acid

Component

3
carbon dioxide
carbon dioxide

Percent

Component

avg. min. max. 2

78 78 78
959 92 99
100 100 100
100 99 100
100 100 100
100 100 100
100 100 100
100 100 100
100 100 100
100 100 100
100 100 100
95 80 100
95 80 100
100 100 100
100 100 100

oxygen
ethane

Percent
avg. min. max.
0.033 0.03 0.03 argon
0.556 0.3 0.7 nitrogen

Component

4

Percent
avg. min. max.
2095 20 21
34 1 5

Percent
avg. min, max.
093 09 094
0.108 0.1 0.15
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Table A3.6 Waste components from Fertrin and the Trinidad and Tobago Urea Company plant

Waste A

ammonia

urea process water
monoethanolamine
triethylene glycol
NHj cooling water
solvent

activated carbon
canister filters
molecular sieve
water

heating water
sanitary water
spent cation resin
spent anion resin
iron oxide

zinc oxide
regenerate

urea cooling water
urea heating water
scrap steel

salt water

Component

1
ammonia
water
monoethanolamine
triethylene glycol
water
solvent
activated carbon
stegl
AlyOg
waler
water
water
cation resin
anion resin
iron oxide
zinc oxide
water
water
water
steel
salt water

%

100
99
80
99
99
90
99
20
90

99.9
99
99
99
99

100

100
90
99
99
95
99

Component %
2
urea 0.14
acid organics 14
dirt/sediment 10
fibre 45
water 5
solids/dirt |

Component % Component %
3 4

ammonia 0.41

vanadium 1.5 antimony 0.06

plastic 15 ail 25

ammonia 5
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Table A3.7 Input components for Caribbean ISPAT Ltd.

Input

iron ore
natural gas
OXygen
water
solvent
solvent
limestone

oxygen

alloy

calcium carbide
coal

lime

oxygen

rice husks

scrap steel
silicon/manganese

Input

iron ore
natural gas
oxygen
water
solvent

solvent
limestone

oxygen

alloy

calcium carbide
coal

lime

oxygen

rice husks

scrap steel
silicon/manganese

Component
1
iron
methane
OXYgen
water
xvlene
napthalene

Percent
avg, min max
6735 67 70

95 92 100
100 100 100
100 100 100
25 20 30
20 20 30

calcium carbonate 58.75 55 60

OXygen
ailoy

calcium carbide

coal

lime
oxygen
rice husks
steel
manganese

Component
3

petroleum
distillates
toluene
calcium oxide

phosphate

100 100 100
100 100 100
100 100 100
00 100 100
100 100 100
100 100 100
100 100 100
95 90 100
626 60 65

Percent
avg., min max

25 20 30
200 20 30
329 315 40
0.22 0 03

Component Percent

2 avg. min max
aluminum oxide 0.25 0 22
ethane 3.24 0 3
toluene 25 20 30
xylene 20 20 30
magnesium 3885 35 40
carbonate
silicon 20 18 22
Comgonent Percent

4 avg. min max
detergent 25 20 30
magnesium 185 185 20
oxide
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Table A3.8 Waste components from Caribbean ISPAT Ltd.

Waste Component % Component % Component % Component %
1 2 3 4

COy/ particulates-DRI carbon dioxide 99.9 particulates 0.02

nitrogen nitrogen oxide 83.1 sulphur 16.9
dioxide

cooling tower sludge iron 7 water 90

stecl cooling water  water 99

CO2/particulates-lime carbon dioxide 49 calcium 51 magnesium 1 silicon 2.5
oxide oxide oxide

lubricating oil oil 97

oil filters oil 50 steel [2.3 plastic 12.5 fibre 23

cesium source cesium 20 iead 80

equipment steel 90 plastic 10

scrap steel stecl 05

tires rubber 80 steel 20

CO4/particulates-stee! iron oxide 19.5 calcium 5.8 magnesium 2.1 carbon 60
oxide oxide dioxide

mill scale iron 72.8 calcium 0.56 magnesium 0,14 silicon 0.23

A3.3 Input and Waste Material Parameters

The parameters measured for the materials depend upon the material type - gas, liquid, sludge or
solid. These parameters are those that were deemed necessary to determine the treatments possible for
wa.ste materials and to define the requirements for input matenials. Input and waste materials are listed by
type in the following tables, but only include non-manufactured inputs such as water or scrap steel.
Tables A3.13 - A3.15 define the measured parameters and the maximum and minimum allowed for those
parameters for that input. Tables A3.16 - A3.19 list the measured parameters of the waste materials. To

identify the plant producing the waste, a column has been added and the following acronyms have been

used: Phoenix Part Gas Processors PPGP
Trinidad and Tobago Methanol Company . TTMeth
Fertilizers of Trinidad and Tobago/Trinidad and Tobago Urea Company Fertrin
Caribbean ISPAT Ltd. ISPAT

Since one input may be required by more than one company, inputs are not identified by company.
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Table A3.9 Particle size and codes used in following tables

Particle size
>30 mm
30 -.5mm
.01-.5 mm

Code Particle size
5 .001 - .01

4 <.001 mm
3 no particles

Code
2
1
0

Table A3.10 Parameters for input materials for the selected plants - Gases.

Input

air

carbon dioxide
oxygen

raw natural gas
freon

Input

air

carbon dioxide
oxygen

raw natural gas
freon

Input

air

carbon dioxide
oxygen

raw natural gas
freon

Input

air

carbon dioxide
oxygen

raw natural gas
freon

Input

air

carbon dioxide
oxygen

raw natural gas
freon

Corrosion
present min
6.5 6 7
7 65 715
7 6353 75
6 55 8
7 6 8

Particulates ppm
present min  max
50 0 100

Q 0 0
0 0 0
1000 0 5000
0 0 0
SO, ppm
present min max
0 0 0
0 0 0
0 0 0
300 0 5000
Heavy Metalsppm
present min
0 0 0
0 0 0
Q 0 0
10 0 20
0 0
NH3 ppm

present min max

o O OO C
L= I I R
oo O C

max present min

Volatiles ppm

max present min max

0 0 0
0 0 0
0 0 0

990000 4980000 100000

0 0 0

Particle size

present min max
2 ! 3
0 0 0
0 0 0
2 1 3
0 0 0
NOx upm
present min max
0 0 0
0 0 0
Y 0 0
780 0 2500
0 0 0
CFCs ppm

0 0
0 0
0 0 0
0 0 0

0 1000000 1000000 1000000

Oil  ppm
present min  max
0 0 0
0 0 0
0 0 0
50000 0 50000
0 0 0
Water ppm
present min  max
0 U 0
0 0 0
0 0 0
10000 0 50000
0 0 0
Cl ppIn
present min max
0 0 0
0 0 0
0 0 0
0 0 0
0 U 0
CO, ppm

max present min  max
0 300000 300000 300000
¢ 1000000 1000000 100000

0 0 o
5700 0 3000
0 0 0



Table A3.11 Parameters for input materials for selected plants - Liquids
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Input PH COD ppm
present min max present min  max
heat.water 7 6.5 7.5 20 0 50
salt water 6 6 8 10 0 15
san.water 6.8 6 8 50 ¢ 50
sodium hydroxide 14 14 14 0 0 0
solvent 7 6.5 7.5 3000000 2000000 3300000
sulphuric acid ] 1 1 0 0 0
washwater 7 6 8.5 0 0 10
water 7 6 8 20 0 25
Input 0il ppm Particulates ppm
present min max present min max
heat.water 1 0 5 10 0 20
salt water 1 )] 1 5 0 100
san.water 1 0 1 100 0 100
sodium hydroxide  0.05 0 0 0 0 0
solvent 0 0 0 0 0 0
sulphuric acid 0 0 0 0 0 0
washwater 0 0 1 100 0 500
waler 0 0 1 10 0 20
Input NH; ppm NO; ppm
present min  max present min max
heat, water 0 0 1 0 0 10
salt water 0 0 10 0 0 10
san.water 0 0 1 0 0 10
sodium hydroxide 0 0 0 0 0 0
solvent 0 0 0 0 Y 0
sulphuric acid 0 0 0 0 0 0
washwater 0 0 1 0 0 10
water 0 0 1 0 0 10
Input Dissolved solids ppm Heavy Metals ppm
present min  max present min max
heat.water 30 0 60 0 0 50
salt water 20000 0 30000 0 0 0.1
san.water 5000 0 6000 0 Y] 0.1
sodium hydroxide 420000 400000 4200600 0 0 0
solvent 0 0 0 0 o 0
sulphuric acid 0 0 0 0 0 0
washwater 5000 0 10000 0 0 0.1
water 100 0 120 U] 0 0.01
Input Sulphur ppm
present min  max
heat. water 0 0 0.1
sall water 0 0 5
san.water 0 0 5
sodium hydroxide 0 0 0
solvent 0 0 0
sulphuric acid 500000 45000 500000
washwater 0 0 5

water 0 0 5

Solvent ppm
present min max
0 0 10
0 0 1
0 0 1
0 0 0
1000000 1000000 1000000
0 0 0
0 0 1
0 0 10
Particle size
present min max
2 1 4
2 1 3
2 i 4
0 1 4
0 - 1 4
0 | 4
2 1 4
2 1 4
Toxicity ppm
present min max
0 0.01
0 0 2000
0 0 0.01
0 0 0
1000000 1000000 1000000
0 0 0
0 0 0.01
0 0 0.01
PO4 ppm
present min max
0 0 100
0 0 100
o 0 100
0 0 0
0 0 ¢
0 0 0
o 0 100
0 0 100
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Table A3.12 Parameters for input materials for selected plants - Solids

Input

alloy

calcium carbide
calcium hypochlorite
coal

iron ore

lime

limestone

rice husks

scrap steel
silicon/manganese
sodium hydroxide

Input

alloy

calcium carbide
calcium hypochlorite
coal

iron ore

lime

limestone

rice husks

scrap steel
silicon/manganese
sodium hydroxide

Input

alioy

calcium carbide
calcium hypochlorite
coal

iron ore

lime

limestone

rice husks

scrap steel
silicon/manganese
sodium hydroxide

Leachate pH COD ppm
present min max present min max
7 7 7 0 0 0
7 7 7 0 0 V]
11 10 12 0 0 0
6.5 6 35 0 0 0
7 7 7 0 0 0
9 8 9.5 o 0 0
9 9 Il 0 0 . 0
7 7 71000000 1000000 1000000
7 7 7 0 0 0
7 7 7 0 0 0
14 12,5 14 0 O 0
Soluble solids ppm Heavy metals ppm
present min max present min max
0 0 0 800000 200000 800000
1000000 1000000 1000000 0 0 0
99 99 99 0 0 0
0 0 0 0 0 a
0 0 0 0 0 0
5000 5000 5000 ¢ 0 0
10000 10000 10000 0 0 0
0 0 0 0 0 0
0 0 0 200 0 400
0 0 0 0 0 0
1000000 1000000 1000000 0 0 0
Oil Other Mectals  ppm
present min max present min max
0 0 01000000 990000 1000000
0 0 0 0 0 0
0 0 0 0 0 0
0 0 ¢ 40000 35000 45000
0 0 0 326500 300000 330000
0 0 0 120000 100000 150000
0 0 0 220000 200000 250000
0 0 0 0 0 0
0 0 0 30000 10000 50000
0 0 0 630000 600000 700000
0 0 0 0 0 ¢

Solventsppm

present min max
0 0 0

0 0 0

0 0 0

0 0 0

0 o 0

0 0 0

0 0 0

0 0 ¢

0 o 0

0 0 0

0 0 0

Iron  ppm

present min max
0 0 Y

0 0 0

0 0 0
11000 11000 12000
673500 670000 700000
0 0 0

0 0 0

0 0 0
970000 950000 1000000
0 0 0

0 0 0

Particle size

present min max
4 1 5

4 t 5

4 ] 5

4 1 5

4 1 5

4 1 5

4 1 5

4 l 4

4 | 5

4 1 5

4 l S
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Table A3.12 (cont) Parameters for input materials for selected plants - Solids

Input Ash ppm Paper/cardboard ppm Plastic/rubber ppm

present min max present min max present min max
alloy 1000000 950000 1000000 0 0 0 0 0 0
calcium carbide 1000060 950000 1000000 0 0. 0 0 0 0
calcium hypochlorite 1000000 950000 1000000 0 0 0 0 0 0
coal 100000 70000 110000 0 0 0 0 0 0
iron ore 1000000 950000 1000000 0 0 0 0 0 0
lime 1000000 950000 1000000 0 0 0 0 0 0
limestone 550000 500000 600000 0 0 0 0 0 0
rice husks 10000  800¢ 11000 0 0 0 0 0 0
scrap steel 1000000 950000 1000000 0 0 0 0 0 0
silicon/manganese 1006000 950000 1000000 0 0 0 0 0 0
sodium hydroxide 1000000 950000 1000000 0 0 0 0 0 0

Table A3.14 Parameters (ppm unless not applicable) of waste materials - Gases

Wastc Plant Corrosivity Volatiles Qil/ Particulates Particle Water
grease Size

ammonia gas Fertrin 8 0 0 0 1 0
carbon dioxide/ PPGP/ 7 0 0 500 1 455000
water TTMeth

CO9/ particulates-lime ISPAT 10 0 0 10000 3 0
CO,/ particulates-DRI ISPAT 5 0 0 10000 3 0
freon TTMeth 7 1000000 0 0 1 0
COy/particulates-stecl ISPAT 55 0 0 14000 3 0
compressor oil PPGP 4,5 200000 980000 0 3 0
nitrogen ISPAT 34 0 0 0 1 0
Waste Heavy CFCs C0; 8O, NOx Cl NHj3

metals

ammonia gas 0 0 0 0o 0 0 1000000
carbon dioxide/ 0. 0 355000 2 32 0 0
water

COy/ particulates-lime 0 0 990000 0 0 0 0
CO4/ particulates-DRI 5000 0 950000 ¢ 0 0 0
freon 0 1000000 0 0 0 0 0
COy/particulates-steel 105000 0 600000 0 0 0 0
compressor oil 0 0 0 0 0 0
nitrogen 0 0 0 169000 831000 0 0
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Table A3.15 Parameters (ppm unless not applicable) of waste materials - Liquids

Waste Plant
boiler biowdown TTMeth
NHjz cooling water ~ TTMeth
cooling water Fertrin
gas heating water PPGP
heating water Fertrin
lubricating oil TTMeth/
ISPAT

plant washings PPGP
water PPGP/
Fertrin

regenerate Fertrin
regeneration water  TTMeth
salt water Fertrin
sanitary water PPGP
solvent TTMeth/
Fertrin

steel cooling water ISPAT
urea heating water Fertrin
urea process water Fertrin
urea cooling water Fertrin
process water TTMeth
Waste Dissolved
solids

boiler blowdown 30
NH3 cooling water 360
cooling water 2620
gas heating water 0
heating water 3
lubricating oil 500
plant washings 1000
water 360
regenerate 10000
regeneration water 3600
salt water 30000
sanitary water 500
solvent 20
steel cooling water 500
urea heating water 0
urea process water 13000
urea cooling water 250
process water 280

PH

9.4
6.7

7
9.6

6

4
6.5

6.7
8.4
3.5
6
7

1.5
8.4
3.9
7
10.9

Heavy
metals
0

1

82

CoD

0
380
6

0.

2
3000000

232
60

0

80

10

220
3300000

POy

5.9
13.8

—
C OO O L O

—

fu—
[= IRV - i o e e e

L I e I e e

Solvents

40

40

0

0

0
20000

0
120

Sujphate

oo Qoo

2500
1110
3000

Qil Particulates
0 1000

0 s7

6 0

0 0

0 10
990000 200
60 100000
60 100

0 0

0 232

0 1500

50 200
10000 150
100 150
73 50

7 0

0 10

3 ‘ 50
NH4 NO,
0 0

0 0
1258 0
0 0

0 0

0 O

0 0

0 0

0 0

0 0

0 0

25 0

G 0

0 0

0 0
4150 22
0 0

0 0

Particle
Size

N d Wb = bt e

4o da I NI

oW W e e

Toxics

0

0

2620

0

2
970000
0

65

0

0

1800
25
990000
0

0

0

0

40
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Table A3.16 Parameters (ppm unless not applicable) of waste matenials - Sludges

Waste - Plant Water COD Solvents 0Oil  Particulates Particle Size PH
cooling tower sludge ISPAT 900000 300 0 200 8000 ' 4 15
monoethanolamine  Fertrin 0 940000 0 0 50000 4 11
sewage sludge PPGP 900000 180000 150 100 160000 4 45
triethylene glycol Fertrin 10000 2000000 0 0 50000 4 6
Waste Toxics Ash Iron Sulphur Tot:..i N Dissolved solids Heavy metals
cooling tower sludge 0 60000 7000 140 0 416 1000
monocthanolamine 1000000 100000 0 0 56000 940000 20000
sewage sludge 0 200000 250 20 300 500 20
triethylene glycol 100 50000 0 0 200 1000 100

Table A3.17 Parameters (ppm unless not applicable) of waste materials - Solids

Waste Plant LeachatepE  COD Soluble salts Particle size Qil
activated carbon TTMeth 10 940000 200000 3 0
canister filters PPGP/Fertrin/TTMeth 5.5 3350000 100 5 50000
cesium source ISPAT 7 0 0 5 0
nickel catalyst TTMeth 0 0 5 0
dust filters PPGP 850000 100 5 100
equipment ISPAT 7 0 0 3 30000
iron oxide Fertrin 85 0 0 5 0
mill scale ISPAT 5 0 100 5 0
molecular siecve  PPGP/Fertrin/TTMeth 20000 0 5 100
oil filters ISPAT 6 500000 200 3 500000
paper filters PPGP 995000 50 5 5000
scrap steel ISPAT/Fertrin 7 0 0 0 0
spent anion resin TTMeth/Fertrin 540000 200 3 0
spent cation resin TTMeth/Fertrin : 540000 200 5 0
tires ISPAT 7 500000 0 5 0
zinc oxide TTMeth 0 0 5 0
Waste Heavy metals Solvent  Iron Other metals Paper/Card. Plastics/Rub. Ash
activated carbon 4000 0 0 0 0 0

canister filters 20 50000 595000 0 0 50000 700000
cesium source 1000000 0 ¢ 0 0 0 0
nickel catalyst 1000000 0 0 0 0 0 1000000
dust filters 20 150000 20 200000 0 50000

equipment 100 0 870000 30000 0 100000 920000
iron oxide 0 0 660000 0 0 0 1000000
mill scale 440 0 7284 1140 0 0 1000000
molecular sieve 5 20000 0 468000 0 0

oil filters 250 5000 125000 500 0 125000 250000
paper filters 10 2000 100 0 990000 0

scrap steel 0 0 950000 50000 0 0 1000000
spent anion resin 0 0 0 0 0 900000 100000
spent cation resin 0 10 0 0 0 900000 100000
tires 0 0 200000 0 0 0 250000
zinc oxide 730000 100000 0 0 0 0 1000000



Appendix 4 Program Inference Engine

Ad.1 Program Flow Chart
Main Program
this program selects a wasie, determines if it is the same as previous wastes; if 50 it copies those results;
if not it determines if there are any inputs that have the same major componenis then moves to the treat
subroutine; once all inputs are checked, regulation standards are then checked
For each waste (Wn) determine if this waste is the same as any previously assessed waste
for each previously assessed waste:
compare major compounds
if same
compare parameters
if same
copy all options to temporary option table, with current waste and mass
using the mass ratios for each treatment for the assessed waste, (Wa) calculate the mass for each
treatment step for each option
Mwnz = (Mwa2/Mwai) *Mwn
copy the options to the final option table
if waste is not the same as any assessed waste
copy waste, mass and plant to temporary option table
for each input
compare major components with 'simple’ inputs
if same
place in temporary option table as 'result’
compare characteristics
if same
copy mass to final mass field
if not the same
note characteristics which are different
find all treatments which change those characteristics for waste state using newlist
subroutine
place in potential treatment table
move to treat subroutine
find the next input
continue loop untii all inputs are assessed
for all disposzl options selected by user
compare waste characteristics with disposal characteristics
if same
copy mass to final mass field
if not the same
determine changes to be made
find all treatments that change those characteristics for the waste state
move to treat subroutine
find next disposal option
continue loop until all disposal options are assessed
find next waste
continue progrzm until all wastes are assessed
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Treat subroutine
this subroutine determines the changes needed to treat a waste 10 the selected result; treatments which
provide those changes are selected and assessed 1o determine if their input criteria match the waste; if so
they are put into a treatment rrain and the outputs calculated; these are compared 1o the result criteria; if
they maich, the train is placed in the final option file; if not, the treatments to provide needed changes
are selected, up to 10 treatments; once all trearments are found, the subroutine returns to the main
program to test another result
for all records in the temporary option table
copy waste characteristics to output table
for up to 10 treatments
compare treatment input characteristics to output characteristics
find the number of changes needed by each treatment to fit the waste characteristics using
findtreat subroutine
move to last completed record
move to next record
calculate treatment output parameters using check subroutine and place in output table
if treatment list is empty or the state of the output is different from the input
generate a new treatment list using newlist subroutine
compare output parameters with result parameters
if not same
determine changes necessary
empty potential treatment table
find treatments which will make those changes for output state
place in potential treatment table
if same
record noted as complete
quit loop
repeat loop for up to 10 treatments
if record not complete and
{at treatment 10 or mass = 0 or no treatments available or
' materia] state < > result state and state has changed once before or
record is longer than previous 3 shortest treatments or
change result to 'none’ or
note record as complete) then
empty potential treatment table
compare treatment options with output records
remove those outputs which are not in treatment option record
calculate treatment outputs for last treatment option and place in output table
compare outputs with result characteristics
if not same
detennine changes necessary
find treatments which will make those changes for output state
place in potential treatment table
if not at end of table
move o next record in temporary option table
repeat loop
if at end of table all options have been completed
delete records with result of "none”
add temporary option records to final option table
empty temporary option table
return to main program
Findtreat subroutine
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this subroutine finds the number of changes needed by each treatment to fit the waste characteristics
For up to three loops
determine the characteristics of each treatment in potential treatment table which must be changed to fit
the treatment inputs
sort the treatments according the number of changes required
for each treatment which requires no change
duplicate last temporary option record
place present treatment in next treatment field
for treatments requiring < 6 changes
determine treatments which can provide those changes
add treatments to end of potential treatment table unless already there
for treatments requiring > 6 changes
if the first treatment then no changes are available
change result to ‘none’
record noted as complete
exit for another waste (if first treatment) or treatment
delete all sorted wastes
repeat loop up to three times
return to treat subroutine

Newlist subroutine
this subroutine generates a list of treatments which will change the material characieristics which need
changing 1o fit the result
if material state is not the same as result state
find all treatments which treat material state and whose output state includes result state
add treatments to treatment list
for all parameters
if material parameter does not lie within result parameters
find all treatments whose output formulae indicates that parameter is changed that treat
material state
add treatments to treatment list unless already there
move to next parameter
repeat loop for all parameters
return to either main program or treat subroutine

Check subroutine
this subroutine determines the output parameiers from a treatment
find outputs from treatment - cne or two outputs
calculate output parameters using formulae subroutine
if two outputs
compare each output with result characteristics
place closer output in output table
place second output mass in output table
return to treat subroutine

Formulae subroutine
this subroutine finds the string o be calculated
while right hand bracket can be found
find first right hand bracket
find the corresponding left hand bracket
calculate the value of the bracketed string using ealc subroutine
delete brackets
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repeat until there are no more brackets
calculate the value of the final string using calc subroutine
return to treat subroutine

Calc subroutine
this subroutine translates and calculates a formulae from a string
while addition or subtraction operator can be found
locate the first addition or subtraction operator
separate the string into substrings
for the first substring segment find the first multiplication or division operator
calculate the value of the two variables on each side of the operator
repeat until no more multiplication or division operators
repeat until no more addition or subtraction operators
calculate the final result
return to formulae subroutine

Determining the Shortest Treatment Trains
this program finds all shortest, 2nd shortest or 3rd shortest treatment trains
n= "3, 2 or 1 shortest train needed?”
open list of treatments
fory from 1 ton
for each waste
copy all treatment trains for waste to table 1
for x from 10 to 1
if locate treatment(x) = blank then
add to table 2
delete record from table 1
quitloop
else
x = x-1
empty table 1
find next waste

y=y+l1

Determining the Lowest Secondary Wastes
this program finds the trains with lowest, 2nd lowest or 3rd lowest wastes
n= "3, 2 or 1 lowest secondary wastes needed?"
open list of treatments
fory from 1 ton
for each waste
copy all treatment trains for waste to table 1
find lowest secondary waste
select all records with that volume of secondary waste
add to table 2
delete selected records from table 1
empty table 1
find next waste
y=y-+l

Matching Treatment Trains
this program maiches treatmnent trains
open table of treatment records (main table)
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select trains where wastes are reused to inputs
copy to reuse table
delete all tmains for those wastes
copy all trains that recycle wastes to inputs to table 1
while the main table has records
while there are records in table 1
copy from table the greatest number of trains with the same result and treatment
10 to table 2a
if there are more than 50 trains in table 2a
go to treatnine then return
while there are records in table 2a
copy trains which have the greatest number of matching treatments to table 3a
copy trains which have the second greatest number of matching treatments to table 3b
copy trains which have the third greatest number of matching treatments to table 3¢
delete records of wastes in table 3a from table 2
delete records of wastes in table 3a from table |
delete recaords of wastes in table 3a from main list
copy remaining records in main table to table 1
repeat until all records are deleted from main table
copy records from reuse table to tables 3z, 3b, 3c
select records in table 3a that are not in 3b
copy to table 3b
select records in table 3b that are not in 3¢
copy to table 3¢

Subroutine treatnine

this subroutine selects trains whose treatment nine maich

used when the number of trains with matching results and treatmens ten are > 50
select all wastes and ninth treatments

sort by ninth treatments

determine which ninth treatments have the greatest number of records

copy those records to table 2

return to program



A4.2 Program Code

This code was written in ObjectPAL, programming

code for Paradox.

Main Program

Method cpen{var eventInfo Event); selects all
wastes and compares to all inputs, then

;to final regulations

var

totop, twast, wastes, woption, chwas table

fintc, twastc, toutc, wasoptc TCursor
swastc, sfinrestc, chwastc TCursor
an, stop, nolc, wastc, wlistc TCursor
optc, tchate, sinptc, inptc TCursor
nout TCursor
ftreat, Itd Array[4] string
sinp, acc, wasa DynArray[] Anytype

X Y0 smallint
perc, nrec, fieldmin, fieldmax, q string
cmp, fn, fstring string
cmp?2, state, ans, same, accept, swas, sin,
optable string
treatdlg, opdlg form
qopt, qtreat ' query
any, 1 AnyType
c, num longint
newl library

endvar

twastc.open("wastes"); total waste table
twastc.home()

twastc.edit(}

tchatc.open("tchar™)

tchate.edit()
n=1

I=0

same = "yes"
nrec = "no"
end = "no"

num = twastc.nRecords()
optc.open{( totop")

optc.home()

notc.open(“notreat”)

notc.edit()

;find the last waste that was assessed

if not(optc.isEmpty()) or not(notc.isEmpty()} then

while optc.locate("waste”, twastc.waste)
or notc.locate("waste", twastc. waste)
or twastc. fate = "offsite waste
treatment”
if twastc.atLast() then
end = "yes"
quitloop

else
twastc.nextrecord()
endif
endwhile
endif
optc.close()
note.close()
while end = "no”
wasoptc.open( "woption™)
if not(wasoptc.isempty()) then
wasoptc.empty()
endif
chwastc.open("chwas™)
if not{chwastc.isempty()) then
chwastc.empty()
endif
chwastc.close()
twastc. CopyToArray(wasa)
state = wasa[ "state"]
;copy waste characteristics to arrays
swastc.open("swas")
swastc.edit()
swastc.locate("waste", wasa[ "waste"])
swastc.copytoArray(acc)
swastc.close()
nout.open("nout™)
if not{nout.isempty()) then
nout.empty()
endif
nout.edit()
nout. InsertRecord()
nout.copyfromArray(acc)
nout.treatment = wasa( "waste"]
nout.mass = wasa{ "mass"]
nout.wmass = 0
nout.PostRecord()
nout.copyToArray(acc)
nout.close()
:check if this waste is the same as any previous
waste
optc.open("totop”™)
if not{opte.isEmpty()) then

optc.edit)
ans = "no"
qopt = Query

totop.db | waste | Statel

| Check |check “statc
endQuery
executeQBE(gopt)
an.open(":privianswer.db"))
if an.locate("waste”, wasa[ "waste"])
then



same = "yes"
endif
an.home()
while not(an.eot())
if not(same= "yes") then
for y from 1 to 4
itd[y] = "uot”
endfor
twastc. locate{"waste",
an.waste, "state”, an.statel)
forx from1to4
cmp = "comp” + string(x)
fory from 1 to 4
if td[y] = "not” then
cmp2 = "comp” + string(y)
perc="percent" +string(y)
if (wasa[cmp] = twastc.{cmp2) or
twastc.(perc) ="")
then
same = "yes"
Itd[v] = "done”
else
same = "no"
endif
endif
endfor
if same = "no” then
quitloop
endif
endfor
Itd.empty()
endif
if same = "yes" then
if not(an. waste =
wasa[ “waste"]) then
scheck if this waste has the same
characteristics
swastc.open("swas")
swastc.edit()
swastc. locate{"waste", an.waste)
same = "yes"
for x from 3 to swastc.nfields()
fn = swastc. fieldname(x)
if swastc.(fn) < > acc[fn] then
same = "no"
quitloop
endif
endfor
endif
if same = "yes" then ;wastes are the
same and can be bandled together
;copy to wasoptc, calculate the masses

optc.locate("waste”,
an.waste, "statel”, an.statel)
_ wasoptc.open("woption™)
while not{optc.eot())
wasoptc.edit()
wasoptc.InsertRecord()
wasoptc.copyrecord(optc)
wasoptc.waste = wasa[ "waste"]
wasopte.plant = wasaf "plant”]
wasoptc.mass! = wasa["mass™]
for x from 2 to 10
if not(optc.("mass"
+string(x)).isblank()) then
wasopte. ("mass” +string(x)) =
(opte. ("mass” + string(x))/
optc.("mass” + string(x-1}))*
wasoptc.{"mass” +string(x-1))
else
wasoptc.rmass ={optc.rmass/
optc.("mass” +string(x-1)))
*wasoptc.("mass” +string(x-1))
quitloop
endif
wasoptc. PostRecord(}
endfor
tf not(optc.locatenext( "waste",
an.waste, “statel”, an.statel)) then
quitloop
endif
endwhile
wasoptc.add("totop™)
wasoptc.empty()
nrec = "yes"
quitloop
endif
endif
an.NextRecord()
endwhile
wasoptc.close()
an.empty()
an.close()
endif
if nrec = "no” then
same = "no”
twastc.locate("waste”, wasa| "waste" |,
"plant”, wasaf "plant"]}
;check against all input options
inptc.open("inputs™)
inptc.edit()
inpte.locate( "inptype”, “raw")
q="no"
while not{inptc.eot())
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optc.open{"totop™)
optc.home()
optc.edit()
numb = inpte.recNo()
input = inptc.input
if not{optc.isempty()) or
not{inptc.atFirst(})) then
inptc.locate{"input”, input)
while inptc.recNo() < numb
inptc.MoveToRecNo(numb)
if not(optc.isempty()) then
if optc.locate("Waste",
wasa[ "waste”], "Result”,
inpte.input) then
optc.rmass = inptc.mass
+optc. rmass
endif
endif
if inptc.atLast() then
quitioop
else
if not(inptc. locatenext("inptype”,
"raw"}) then

q = "quit”
quitloop
else

numb = inptc.recNo()
input = inptc.input
inpte.locate("input”, input)
endif
endif
endwhile
if ¢ = "quit” then
quitioop
endif
endif
opte.close()
s=0
fory from 1 to 4
Itd[y] = "not”
endfor
for x from | to 4
cmp = "Comp" + string(x)
for y from 1 to 4
if Itd(y] = "not” then
cmp2 = "Comp” + string(y)
perc= "Percent” +string(y) 4+ "min"
if inptc.(cmp2).isblank() or
(inptc.(cmp2) = twaste.{cmp) and
inpte.(perc) > 0) then
s =s+]
ltd[y] = “"done”

endif
endif
endfor
if (s = 4) then
same = "yes"
quitloop
endif
endfor
if (same = “"yes") then
;input components match wastes
;consider treatment options
wasoptc.open("woption™)
if not(wasoptc.locate("result”,
tnptc.input)) then
wasoptc.edit()
wasoptc.InsertRecord()
wasoptc.waste = twastc,waste
;compare the inputs to the waste
wasoplc.mass = twastc.mass
wasoptc.plant = twastc.plant
wasoptc.result = inptc.input
wasopic.rstate = inptc.state
wasoptc.rval = inptc.cost
wasoptc. PostRecord()
same = "no”
sinptc.open{"sinp”)
sinptc.locate("input”,wasoptc.result)
sinptc.copytoArray(sinp)
sinpte.close()
nout.open{"nout™})
nout.edit(}
nout.insertafterRecord()
nout. CopyfromArray(sinp)
nout.treatment = sinp{ "input"]
nout, PostRecord()
nout.close()
newl.open("newlist.Isl")
same = newl.newlist(state, sinp,
ftreat)
switch ;check the treatment files
case same = "no" ;
wasa[“result”] = inptc.RecNo()
chwastc.open("chwas")
if not(chwastc.isEmpty()) then
chwastc.close()
wasoptc.close()
treat(sinp)
else
if not(wasoptc.isempty()) then
wasoptc.empty()
endif
endif



inptc. moveToRecNo(wasa[ "result™])
otherwise : ;same = yes
; place in treatment list and
continue;find another input
optc.open(”totop”)
opte.edit()
opte.InsertRecord()
opte.copyRecord(wasoptc)
optc.rmass = oplic.mass
if not(optc.postRecord()) then
optc.deleteRecord(}
endif
if not(wasoptc.isempty()) then
wasoptc.empty()
endif
wasoptc.close()
endswitch
endif
endif
if not{inptc.locatenext("inptype”,
"raw™)) or inptc.atLast() then
quitloop
endif
nout.open( "nout")
if not(nout.nrecords() = 1 and
nout.treatment = wasaf "waste"]) then
if not(nout.isempty(}) then
nout.empty()
endif
nout.edit(}
nout.InsertRecord()
nout.CopyFromArray(acc)
endif
nout.close()
endwhile
endif
;all inputs assessed; test disposal options
fintc.open("fresult”)
fintc.home(}
while not(fintc.eot())
;determine the disposal methods a:ceptable
state = wasa[ "state")
wasoptc. open("woption")
wasoptc.edit()
if not(wasoptc.isempty()) then
wasoptc.empty()
endif
wasoptc.insertRecord()
wasoptc.waste = wasa[ "waste”}
wasoptc.mass = wasa| "mass”)
wasoptc.plant = wasa["plant”]
wasopte.result = fintc.result

b

wasoptc.rstate = fintc.state
wasoptc, PostRecord()
tchatc.open("tchar™)
tchate.edit()
tchate.locate("treatment”, fintc.result,
"ttype”, "R", "state”, fintc.state)
tchatc.copyToArray(sinp)
sinp[ "state"] = tchatc.state
sinp["input”] = tchatc.treatment
nout.open("nout")
nout.home()
nout. edit()
nout.insertafterRecord()
nout.copyfromArray(sinp)
for x from 5 to nout.nfields()
fo = nout.fieldname(x) + "max"
nout.(x} = sinp{fn]
endfor
nout.treatment = sinp[“input”]
nout.close()
newl.open("newlist,1sl™)
same = newl.newlist(state, sinp, ftreat)
if same = "no" then
chwastc.open("chwas")
if not(chwastc.isempty()) then
chwastc.close()
wasoptc.close(}
treat(sinp)
;determine the acceptable treatments
else
if not{wasoptc.isempty()) then
wasopic.empty()
endif
endif
else ; same = yes so place in wotop file
optc.open( totop”)
optc.edit()
opte.insertRecord()
optc.copyRecord(wasopic)
if not(optc.PostRecord()) then
optc.deleteRecord()
endif
if not(wasoptc.isempty()) then
wasopic.empty()
endif
opte.close()
endif
finte. NextRecord()
nout.open("nout")
if not(nout.nrecords() = 1 and
nout.treatment = wasaf "waste"]) then
if not(nout.isempty()) then



nout.empty()
endif
nout.edit()
nout.InsertRecord()
nout. CopyFromArray(acc)
endif
nout.close()
endwhile
optc.open( totop")
if not{optc.locate("waste”, wasa["waste"])} then
:if a result has not been found for this waste
notc.open("notreat”)
notc.edit()
note.insertRecord()
notc.waste = wasaf "waste"]
notc.plant = wasa["plant”]
if not(notc.PostRecord()) then
notc.deleteRecord()
endif
notc.close()
endif
twaste. locate("waste”, wasa[ "waste"],
"plant”, wasa["plant™])
if twastc.atLast() then

end = "yes"
quitloop
else

optc.open("totop")
notc.open("notreat")
notc.edit()
sfind the last waste that was assessed
twastc.nextrecord()
while optc.locate("waste", twaste. waste)
or notc.locate("waste”, twastc, waste)
or twastc. fate = "offsite waste treatment”
if twastc.atLast() then
end = "yes”
quitloop
else
twastc.nextrecord()
endif
endwhile
note.close()
optc.close()
endif
endwhile
twastc.close()
close("done™)
endmethod

proc treat{var sinp DPassAr)
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;finds all treatment options for a specified
waste;sinp contains the input characteristics
var

antc, toutc, nout, wasoptc TCursor
chw2tc, inptc, swastc, tchatc TCursor
ntreat, wastop, chwas table
count, ans Array[] AnyType
change, k, m, cont, x, n,

lastmed, per smallint
z, ¢, lev, low, rec, num, y longint

treat,q,ansl,tre,fieldmin, fieldmax string
prev, pmin, pmax, keep, exit, swas,

pre string
quit, end, fn, mass, state, result string
wasno, lasrec longint
ti, any AnyType
para DynArray[] AnyType
func | ibrary
ftreat Array{10] String
edat, dat Form
newl library

optc, chwastc, twastc, nte, stop TCursor
endvar
ti = time()
tchatc.open{“tchar”); this lists input characteristics
of treatments
tchatc.edit()
tchatc.home()
toutc.open("tout™)
;this lists formulae for treatment outputs
wasoplc.open("woption™)
stemporary file for dumping in waste ;options
prior to being evaluated
wasoptc.edit()
ot = 10
ntreat = create "ntreat.db”
with "Num"” : "N"
key "Num”
endcreate
ntc.open("ntreat™)
ate.edit()
nte.insertRecord()
ntc.num = 10
ntc.PostRecord(}
lasrec = 0
lastreat = "none”
che = "no" ;acheck stop
change = 0  ;records the number of state
changes in a train
prev = "no" ;determines if only a state change 1s
occurring
twastc.open("wastes™)
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twastc.edit()
twastc.locate("waste”, wasoptc.waste, "plant”,
wasoptc.plant)
state = twastc.state
mass = twastc,mass
waste = twastc.waste
wasno = twastc. REcNQ()
totno = twastc.NREcords()
twaste.close()
pout.open("nout”) ; this holds the calculated
output results from each treatment
nout.edit()
nout.copytoArray(para)
; determine the first treatment input that matches
the waste characteristics
1=0
low=6
n=0
¢=0
k=0
;find the number of changes needed by each
treatment to fit the waste characteristics
end = findtreat(c, k, ftreat)
ifend = "no" then
;all possible first treatments have been found;
now determine the rest :
; the first treatment is followed to its conclusion
; then it is backtracked and the second is then
considered
wasoptc.home()
exit = "no"
k=1
count. setsize{wasoptc.nfields())
while not(wasoptc.isempty())
lev = wasoptc.RecNo()
while k< = 10 ; this controls the level
; check against the firal result needed
wasopte.("mass” + string(k)}=
para["Mass"]
wasoptc.("state" + string(k)) = .
paraf"state"}
tre ="treat" -+string(k)
ftreat[k} = wasoptc.(tre)
tchate.Locate("treatment”,
wasoptc. (tre))
treat = tchatc.treatment
dat.open("datadlg™)
;this prints an update to the screen
dat.til = time() - ti
dat.recnol = lev
dat.treatn = k
dat.wasnol = wasno

dat.totnol = totno
dat.wastel = wasoptc.waste
dat.inputl = wasoptc,result
dat.treatl = treat
dat.wait()
lasrec = lev
lastreat = treat
toutc.locate("treatment”, treat)
; check these results against those of
the result
p="n"
nout.close()
ans = check(para, sinp, treat, lev)
y=ans.size()
nout.home()
nout.copytoArray(para)
if ans[1] < > "yes" then
chw2tc.open("chwas2")
chw2ic,home()
if ans[1]="state" and ans.size()=1
then
if prev = "no” then
prev = "yes"
else
if state = nout.state then
;previous change was also to only
change the state
wasoptc.result = "nong”
c = wasoptc.recNO()
prev = "no"
quitloop
endif
endif
else
prev = "no”
endif
if chw2tc.isempty() or (state <>
nout. state and
not(state = sinp[ “state"} and change
<> 0)) then
;changing state
chw2tc.close()
state = nout.state
newl.open("newlist.1sl")
same = newl.newlist(state, sinp,

ftreat)
chw2tc.open("chwas2")
change = k

endif

chwastc.open("chwas™)
ifans[1] = "no" or
;there was no acceptable result



state < > nout.state or
;l0o many state changes
k=10or
;path is too long
(ntc.nrecords()=3 and k > nt) or
nout.mass = 0 or
: no mass left
chw2tc.isempty() then
; NO treatments available
wasc pte.result = "none”
c = wasoptc.recNO()
quitloop
endif
chwastc.edit()
chwastc.empty()
while not(chw2tc.eot(})
while (ftreat.contains
(chw2tc.treatment)) and
not{chw2tc.atLast())
chw2tc.NextRecord()
endwhile
if ftreat.contains(chw2tc.treatment)
and (chw2tc.atLast()) then
quitloop
endif
tchate.locate( " treatment ",
chw2tc.treatment)
forlfrom1to2
if 1= 2 then
if not{tchatc.locatenext
("treatment”, chw2tc,treatment))
then
quitloop
endif
endif
for x from 1 to ans.size()
if tchatc. (ans[x]).isAssigned()
and not(tchatc. (ans{x]).isblank(}}
and tchatc.(ans[x]) = "y" then
chwastc. InsertRecord()
chwastc.copyRecord{chw2tc)
1=2
quitloop
endif
endfor
endfor
chw?2tc.NextRecord()
endwhile
chw2te.close()
chwastc.edit()
chwastc,home(}
;determine the treatments required
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if not{chwastc.isempty()) then
if chwastc.Locate{ "treatment”,
wasopte.{tre)) then
; find the treatment and delete it
chwastc.edit()
chwastc.deleteRecord()

endif
ftreat[k] = wasoptc.(tre)
nout.close(}

chwastc.close()
wasoptc.close()
end = findtreat(c, k, ftreat)
;move to subroutine findtreat
nout.open("nout")
nout.edit(}
ifend = "no” then
chwastc.open("chwas")
chwastc.edit()
while chwastc.locate("nchan”, "")
chwastc.deleteRecord()
endwhile
if exit = "yes" then
quitloop
endif
wasapte.open("woption™)
wasoptc.edit()
wasopte.MoveToRecNo(c +1)
; now move to last completed
woption and find fits
if wasoptc.("treat” +
string(k +1)).isblank() then
;another treatment was not found
wasoptc.result = "none”
c=wasoptc.RecNo()
quitloop
~endif
else
c=c+l
quitloop
endif
else
wasoptc.result = "none™
c=wasoptc.RecNo()
quitloop
endif
;consider the next treatment in the list
else ; a match to result was found
wasoptc.rmass = nout.mass
wasoptc.wmass = 0
nout.home()
while{nout.recNo() <
nout.nRecords()-1)
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wasopte. wmass = nout,wmass + if not(nout.treatment =
wasoptc.wmass wasoptc.("treat” + string(cont))) then
nout.NextRecord() eq = "no”
endwhile while nout.nrecords() > (cont+1)
¢ = wasoptc.recNO() nout.home()
if k <> nt then nout.deleteRecord()
while not(ntc.eot())} endwhile
if nte.nrecords() < > 0 then endif
if ntc.noum = k then endif
quitloop cont=cont+1
endif ' if cont = 11 then
endif quitloop
if nte.atLast() or ntc.nrecords() =0 endif
then endwhile
ntc.edit() k = cont-1
ntc.insertRecord() if change > k then
ntc.num = k change = 0
nic.postRecord() endif
if ntc.movetoRecNo(4) then nout.home()
ntc.deleteRecord() nout.copytoArray(para}
endif else
nic.end() quitloop
ot = ntc.num endif
quitloop if exit = "yes" then
endif quitloop
ntc. NextRecord() endif
endwhile lev = wasopte.RecNO()
endif endwhile ; end of woption
quitioop ‘ nout.end()
endif while not(nout.bot())
srefresh chwastc and remove all in ftreat nout.PriorRecord()
nout.home() endwhile
k=k+1 nout.edit()
endwhile nout.locate("treatment”, waste)
wasoptc.open("woption™) nout.copyToArray(para)
wasoptc.edit() nout.empty()
nout.edit() nout.InsertRecord()
if (wasoptc.MoveToRecNo(c+ 1)) then nout.copyfromArray(para)
; move to next uncompleted train nout.PostRecord()
+find the last treatment in the option nout.close()
ftreat.empty() :delete ali unacceptable woption results
cont = | ; then add to totop, delete woption and chwas
eq = "yes" and exit
while {(wasoptc.("treat” + edat.open("enddig”)
string(cont)).isAssigned()) ;this types conclusions to screen
and not{wasoptc.("treat" + edat.til = time() - ti
string{cont)).isblank()) edat.trecno = lev
ftreatfcont] = wasoptc.("treat” + edat.wasno = wasno
string({cont}) edat.totno = totno
if eq = "yes" then edat. waste = wasoptc. waste
nout.MoveToRecNo(nout.nrecords(}- edat.input = wasoptc, result

{cont+1)) edat. wait()



executeQBEFile("qwopt.qbe”)
antc.open(”:priv:answer.db")
if not(antc.isempty(})) then
antc.add("totop™)
endif
antc.close()
endif ; exit from first section
wasoptc.empty()
chwastc.open("chwas”")
if not(chwastc.isempty()) then
chwastc.empty()
endif
chwastc.close()
chwas.attach("chwas2.db")
chwas.delete()
ntc.close()
ntreat.delete()
return
endproc

proc findtreat(var ¢ longint, var k smallint, var

ftreat PassAr)string
;this subroutine finds the possible treatments
var

stop, chwaste, nout, tchatc,

toutc, wasoptc iwursor
chwas table
X, n,m smallint
1, y, tec longint
quit, exit, fr, pmin, pmax string
count Array[] Anytype
acc Array[47] Anytype
endvar

chwastc.open("chwas")
chwastc.edit()
chwastc.home()
wasoptc.open("woption"}
wasoptc.edit()
wasoptc. MoveToRecNO(c +1)
nout.open("nount")
nout. home()
count.setsize(10)
wasoptc.copytoArray(acc)
tchate.open("tchar™)
tchatc.edit(}
exit = "no"
n=1
chwastc.locate("nchan™, ™"}
while n < =3 ;continue for three loops
while not(chwastc.eot())
:for all nchan = "
tchatc.locate( "treatment”,

chwastc.treatment, "state”, chwastc.state)
m=0
for x from 5 to nout.nfields() ;determine if
the output fits the next treatment
fn = nout.fieldname(x)
if nout.(fn).isAssigned(} and
not(nout.(fn).isblank()) then
pmin = fn + "min"
pmax = fn +"max”
if not(tchate. (pmin). isAssigned()) or
(tchatc.(pmin).isblank()) then
tchatc.{pmin) = 0
endif
if (tchatc.(pmax).isblank()) then
switch
case fn="pH" or fn="LpH" or
fn="Cor":
tchatc.(pmax) = 14
case fn = "COD":
tchate.(pmax) = 3300000
case fn = "PS":
tchatc.(pmax) = 5
otherwise:
tchate. (pmax) = 1000000
endswitch
endif
if (mout.(fn) < tchatc.(pmin) or
nout.(fn) > tchate. (pmax)) then
if m<6 then
chwastc.(m+4) = fn
;no fit so determine which parameters
need to change
endif
m=m+1
endif
endif
endfor
chwastc.nchan = m
chwastc.locatenext("nchan", "")
m=0
endwhile
chwastc.close()
chwas, attach("chwas"™)
sort chwas :
on "nchan”
endsort
chwastc.open(“chwas™)
chwastc.edit()
chwastc.home()
while not(chwastc.eot())
switch
case(chwastc.nchan > 6) or



(chwastc.nchan. isblank(}):
;more than 6 changes required
quitloop
case not{chwastc.nchan.isblank()) and
chwastc,nchan = 0 :
;this lies within the specified parameters
; add treatment to option list
if not(wasopte.{ treat” +
string(k + 1)).isblank()) then
wusoptce. insertBeforeRecord()
wasapte.copyfromArray(acc)
endit
wasaptc.("treat” + string(k+1)) =
chwastc. treatment
if chwaste.atLast() then
quitloop
else _
chwastc. NextRecord()
endif
1 = chwaste.recNo()
:now calculate and check this against the
result
case (chwastc.nchan <=6):
toutc.open( tout™)
if chwastc.nRecords()> =
toutc.nRecords(} or n=3 then
quitloop
else
count.setsize(chwastc.nrecords())
quit = "no"
chwaste,copytoArray(count)
rec=chwastc.recNo()
for x from 4 to (chwastc.nchan +3)
tchatc.locate("state”, nout.state,
"ttype", "T")
while not tchate.eot()
while chwastc.locate("treatment”,
tchate. treatment)
or ftreat.contains(tchate.treatment)
if not(tchatc.locatenext("state”,
nout.state, "ttype”, "T")) then
quit = "yes"
quitloop
endif
endwhile
if quit = "yes" then
quit = "no”
quitloop
endif
if tchate. (count[x]).isAssigned() and
not(tchatc.{count{x]).isBlank(})
and tchate.(count{x]}= "y" then

b

chwaste.edit()
chwastc.insertRecord()
chwastc.treatment =
tchatc. treatment
chwastc,state = tchatc.staie
chwastc.PostRecord()
quitloop
endif
if not(tchatc.locatenext("state",
nout.state, “ttype”, "T")) then
quitloop
endif
endwhile
endfor
chwastc.MoveToRecNo(rec)
chwastc.nchan = 11
if not{chwastc. NextRecord(})) then
quitloop
endif
endif
endswitch
endwhile ; the end of the sort chwas loop
while chwastc.locate(“nchan”, "0")
chwastc.nchan = 10
endwhile
if not(chwastc.locate("nchan”, "")) then
;N0 more to assess
if not{chwastc.locate("nchan", "10")) then
:no treatments for this 1esult
wasoptc.result = "none”
exit = "yes"
endif
quitloop
endif
n=n-1
endwhile
;all chwaste records have been completed
wasoptc.close()
nout.close{)
chwastc.empty()
return{exit)
endproc

proc check{var para DPassAr, var sinp
DPassAr, var treat string, var lev longint)
Pass2Ar

;this procedure checks the output against the final
result needed

var
stop, toutc, nout, sintc TCursor
s, Z, X smallint

mini, maxi, state, fnam string



sta, stal, sta2, sta3 DynArray[] AnyType

ans, ansl, ans2, ans3 Array[] String
tot Array[3] number
I, num, avg, res number
y, n,f longint
func library

endvar

ansl.setsize(35)

ans2.setsize(35)

ans3.setsize(35)
nout.open("nout™)
nout.home()
toutc.open( tout™)
toulc.edit()
func.open("function.lsl")
stal.empty()
sta2.empty()
toutc. Locate( treatment”, treat)
;find the first output from the treatment
fors from 1to 3
sta[ "state™] = toutc.state
fstring = toutc.mass
sta["Mass2"] = func.formulae(fstring, para)

if sta["Mass2"] < O then staj"Mass2"] = 0 endif
;calculate the parameters and dump into nout table

para{ "Mass2"] = sta["Mass2"]
if sta["Mass2"]< >0 then
for f from 5 to nout.nFields() ;
fnam = nout.FieldName(f)
if para[fnam] = O then
sta[fnam] = 0
else
fstring = toutc.(fnam)
if fstring.isAssigned() and
not(fstring.isblank()) then
if (fstring.advMatch("{+]") or
fstring.advMatch("[-]™) or
fstring.advMatch("[*]™) ot
fstring.advMatch("{/]") or
advMatch(fstring, "[A-z]™)) = False
then
num = number(fstring)
if not{nout.{fmam).isAssigned()) or
(nout.(fnam).isBlank()) then
sta[fnam)=num
else
if nout.(fram) > num or fnam =
"pH" then
sta[fmam)]=num
else
sta[fnam] =nout.(fnam)
endif
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endif
else
sta[fnam] = func.formulae(fstring,
para)
switch
case sta[fnam] < O:
sta[fnam] =0
case (fnam="pH") and
sta[fnam] > 14 :
sta[fnam] = 14

case fnam = "COD" and
sta[fnam] > 3300000 :
staffpam] = 3300000
case fnam = "PS” and
sta[fpam] > 5:
sta[fnam]= 5
case sta{fmam] > 1000000 :
sta[fnam] = 1000000
endswitch
endif
endif
endif
endfor
sta["mass"] = sta["Mass2"]
switch
case s=1:
stal = sta
case s=2:
sta? == sta
case s=3:
sta3 = sta
endswitch
else
s=5-1
endif
sta.empty()

if not(toutc.locatenext("treatment”, treat)) then

if s=0 then
ans.setsize(1)
ans[1l = "no”
endif
quitloop
endif
endfor
if not{ans.contains("no")) then
nout.edit()
nout.home()
nout.InsertBeforeRecord()
nout.treatment = toutc.treatment
forx from1tos
y=0
res=0



tot[x] = 0
ans.setsize{35)
switch
case x = 1:
sta=stal
case X = 2:
sta=sta?2
case X = 3:
sta=sta3
endswitch
while sta["Mass2"] = 0
if x=1 then
if s=2 then
stal =sta2
s=1
sta = sta2
else
if s=3 then
sta2 = sta3
s=2
else
if s=1 then
nout.mass = 0
ans. setsize(1)
ans[1] = "no”
quitloop
endif
endif
endif
endif
if x=2 then
if s=3 then
sta? =sta3
sta = sta2
s=2
else
quitloop
endif
endif
if x=3 then
s=2
quitloop
endif
endwhile
if sta["state"] < > sinp|"state"] then
y=y+1
ans[y] = "state”
tot[x] = 1000 + totfx]
endif
if not(ans.contains("no")) then
for z from 5 to nout.nfields()
res = 0
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fnam = nout.ficldname(z)
mini = fpam + "min”
maxi = foam + "max"”
if sinp[mini].isblank() then
sinp[mini} =0 endif
if sinp[maxz].isblank() then
sinp{maxi] = 1000000 endif
if (sta.contains(fnam)) then
if not(sta[ fnam].isblank()) then
scalculate the final result
if (sinp[mini} > stajfnam]) or
(sinp[maxi] < sta[fnam]) then
y=y+1
avg = (sinp[mini} + sinp{maxi])/2
res=abs((avg-staffnam])/100) + 10
ans{y] = fnam
.endif
endif
else
res= 100
endif
tot[x] = res+tot[x]
endfor
if y=0 then
tot{x] = 0
endif
ans. setsize(y)
switch
case x = 1:
if tot{1] = O or s=1 then
nout.copyfromArray(sta)
if s=1 and tot[1] < >0 then
ans] .setsize(y)
ans] =ans
quitloop
else
if s=1 and tot[1] = 0 then
quitloop
endif
endif
if s=2 then ;tot=0
nout.wmass = sta2["mass"|
else
if 5=3 then
nout.wmass = sta2] "mass"] +
sta3["mass"]
endif
endif
eise
ansl.setsize(y)
ansl=ans
endif



case x = 2:
if tot[2] = O then
nout.copyfromArray(sta)
if s=2 then
nout.wmass = stal{"mass"]
else
if s=3 then
nout.wmass = stal["mass"] +
sta3[ "mass"]
endif
endif
quitloop
else
ans2.setsize(y)
ans2=ans
endif
case X = 3:
if tot{3]) = O then
nout.copyfromArray(sta)
nout.wmass = stal["mass"] +
sta2[ "mass"}
else
ans3.setsize(y)
ans3=ans
endif
endswitch
endif
endfor
endif
if tot.contains(0) then
ans.setsize(1)
ans[1] = "yes”
endif
if not(ans.contains("yes") or ans.contains("no") or
s=1) then
I=tot]1]
forx from2tos
I=mn(l, tot[x])

endfor

if s=2 then
tot[3}= 1+ 1000

endif

switch

case |=tot[1] and (1< > tot[2]
and 1< > tot3]):
nout.copyfromArray(stal)

if s=2 then
nout.wmass = sta2|"mass”]
else
if s=3 then
nout.wmass = sta2["mass”] +
sta3["mass"]
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endif
endif
ans.setsize(size(ansl))
ans = ansl
case |=tot[2] and (1< > tot[1] and
1< > tot[3]):
nout.copyfromArray(sta2)
if s=2 then
nout.wmass = stal]"mass"]
else
if s=3 then
nout.wmass = stal["mass"} +
st..3["mass"}
endif
endif
ans.setsize(size(ans2))
ans = ans2
case 1=tot[3] and (1< > tot[1] and
1< > tot{2]):
nout.copyfromArray(sta3)
nout.wmass = stal["mass”] +
sta2] "mass”]
ans.setsize(size(ans3))
ans = ans3
case [=tot[1]:
if s=2 or I=tot[2] then
if stal["state"] = sinp]"state"] or
(sta2["state”] < > sinp{"state”]
and stai["mass"] > sta2["mass"]) then
nout.copyFromArray(stal)
nout.wmass = sta2["mass”]
if s==3 then
NOuL. Winass = nout,wmass +
sta3]{"mass"]
endif
ans.setsize(size(ansl))
ans = ansl
else
nout.copyFromArray(sta2)
nout.wmass = stall"mass"]
if s=3 then
nout, wmass = nout.wmass +
sta3["mass"]
endif
ans.setsize(size(ans2))
ans = ans2
endif
else
if stal["state"] = sinp["state"] or
(sta3["state”] < > sinp["state"]
and stal[{"mass"] > sta3]"mass"]) then
nout.copyFromArray(stal)



nout.wmass = sta?["mass"] +
sta3["mass"]
ans.setsize{size(ans1))
ans = ansl
else
nout.copyFromArray(sta3)
nout.wmass = stal["mass"] +
sta2{"mass"]
ans.setsize(size(ans3))
ans = ans3
endif
endif
case 1=tot[2]:
if sta2["state"} = sinp[ “state"] or
(sta3["state"] < > sinp{"state"]
and sta2["mass"} > sta3["mass"]) then

nout.copyFromArray(sta2)
nout.wmass = stal["mass"} +
sta3["mass"}
ans.setsize(size(ans2))
ans = ans2

else
nout.copyFromArray({sta3)
nout.wmass = stal["mass"] +
sta2["mass")
ans.setsize(size(ans3))
ans = ans3

endif

otherwise :

nout.copyFromArray(stal)
nout.wmass = sta2["mass”]
if s=3 then
nout.wmass = sta3["mass"]
endif
ans.setsize(size(ans1))
ans = ansl
endswitch

endif

nout. PostRecord()

nout.close()

return{ans)

endproc

Subroutine Newlist - finds the total list of
possible treatments for a material

method newlist(var state string, var sinp
DPassAr, var fireat PassAr) string
var
stop, nout, tchatc, toutc, chwaslte,
chw?2te, sinptc teursor
X longint
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same, fieldmax, fieldmin, fn, quit
wasa
endvar
tchatc.open("tchar")
toutc.open("tout")
chwastc.open("chwas™)
chwastc.edit()
if not(chwastc.isempty()) then
chwastc.empty()
endif
quit = "no”
nout.open{“nout”) ; find necessary changes
nout.home()
same = "yes”
for x from 4 to nout.nfields()
if X = 4 then
if state < > sinp]"state"] then
wasa] "state”] = "state"
same = "no"
else
wasa[ "state™) = "="
endif
else
fn = nout.fieldname(x)
fieldmin = nout.fieldname(x) + "min"
fieldmax = nout.fieldname(x) + "max"
if sinp.con:ains(fieldmin) then
if nout.(fn).isAssigned() and
not(nout.(fn).isblank(}) then
if sinp[fieldmin].isblank() then
sinp[fieldmin] =0 endif
if sinp[fieldmax].isblank() then
sinp[fieldmax] = 1000000 endif
if {sinp|fieldmin}> nout.(fn}) or
sinp[fieldmax] < nout.{fn) then

string
DynArray[] Anytype

wasa[fn] = fn
same ="no"
else
wasa[fn] = "="
endif
endif
endif
endif
endfor

if same = "no" then
tchatc,locate( "state", state, "ttype”, "T")
while not(ichatc.eot())
while chwastc.locate(" Treatment”,
tchatc. treatment) or
fireat.contains(tchatc. treatment)
if not{tchatc.locatenext("state”, state,
"ttype”, "T")) then



quit = "yes"
quitloop
endif
endwhile
if quit = "yes" then
quit = "no”
quitloop
endif
i="no”
;determines unique treatments that will be
effective in treating this waste
for x from 4 to nout.nFields()
if x = 4 and state < > sinp["state"] then
if toutc.locate("treatment”,
tchatc. treatment, "state”, sinp[ "state"])
then
i="yes"
endif
else
if x>> 4 then
fn = nout.fieldname(x)
if not(tchatc, (fn).isBlank()) and
wasa.contains(fn) then
if wasa[fn] <> "=" and
tchatc.(fn)="y" then
i="yes"
endif
endif
endif
endif
ifi = "yes" then
chwastc.edit()
chwastc. InsertRecord()
chwastc.treatment = tchatc.treatment
chwastc.state = tchatc.state
chwastc. PostRecord()
quitloop
endif
endfor
if not(tchate. locatenext("state”, state,
"ttype”, "T")) or tchatc.atLast() then
quitloop
endif
endwhile
endif
nout.close()
chwastc.copy("chwas2.db")
return(same)
endmethod

Subroutine Formulae - Calculating Formulae
Strings

proc deblank(var fact PassAr)PassAr ;this
removes any blanks
var
X,y smallint
endvar
y=1
x=1
for x from 1 to fact.size()
if (fact{x].isAssigned()) and not(faci[x].isblank()}
then
if factjx] < > fact[y] then
fact]y] = fact[x]
endif
y=y+l
endif
endfor
fact.setsize(y-1)
return(fact)
endproc

proc calc{var short string, var para DPassAr)
number

;calculating the formulae string

var

lfunc, par, func array(] Anytype

fact array[] Anytype
5, ¥,X smallint
aum number
int longint
sub, mul, div, add string
endvar

;find location of function characters
s=short.size()
func.setsize(short.size())

;this holds the function characters
Hunc, setsize(short.size())

;this holds the numbers or variables
fact.setsize(short.size())

x=0

add = "+"

sub = "-"

mul = "*"

div = "/"

y=1

while pst(short.isblank())
x=x+1

a = short.search(add)

s = short.search(sub)

ifa<sanda <> 0Qor (s=0) then
I=a

else



=5
endif
m = short.search(mul)
if(m<land m <> 0) or {1 = Q) then
l=m
endif
d = short.search(div)
if(d<landd <> Q) or (I=0) then
I=d
endif
if 1=0 then
quitloop
endif
Ifunc[x]} = 1
func[x] = short.substr(lfunc[x])
fact[x] = short.substr(1, (Ifunc[x])-1)
if advMatch(fact[x], "[A-z]") = False then
fact[x] = number(fact[x])
else :
fact[x] = para[fact{x]]
sinsert the value of the variable
com = ","
c="fact[x].search(com)
whilec <> 0
fact(x] = fact[x].substr(1, (¢-1)) +
fact[x]}.substr(c + I, (fact[x].size(}-c))
c=faci[x].search(com)
endwhile
fact{x] = number(fact[x])
endif
y=1func{x]+1
=0
short = short.substr({l1func{x]+1), short.size()-
(1func[x]-1))
endwhile
fact[x] = short
if advMatch(fact{x], "[A-z]",
fact[x] = number(fact{x]}
else
fact[x] = paraffactix]]
com = “,"
c=fact[x].search(com)
whilec <> 0
fact[x] = fact{x].substr(l, (c-1)) +
fact[x].substr(c +1, (fact[x].size()-c))
c¢=fact[x).search{com)
endwhile
fact[x] = number(fact[x])
endif
:now number can be calculated
y=2
while func[y-1].isAssigned()

. 4lse then
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switch
_case func[y-1] = mul :
. fact[y] = fact[y-1] * fact[y]
fact[y-1].blank()
tunc|y-1].blank()
case func[y-1] = div :
if factly-1} = 0 or fact[y] = O then

fact[y] = O
else

fact[y] =fact{y-1)/fact[y]
endif

fact[y-1].blank()
func[y-1].blank()
endswitch
y=y+1
endwhile
fact = deblank(fact)
func = deblank({func)
;add the numbers
fs=func.size()
y=2
if func.size() >0 then
while (y-1) <= fs
if not(fact{y-1].isblank()) and
not{fact[y].isblank()) then
switch
case funcly-1] = add :
fact{y] = factly-1] + fact]y]
fact{y-1].blank()
case func{y-1] = sub :
fact[y] = fact[y-i]-fact|y]
fact[y-1].blank()
endswitch
endif
y=y+l1
endwhile
fact = deblank(fact)
endif
num = fact[1]
return{num)
endproc

method formulae(var fstring string, var para
DPassAr) number

;selects the string within parentheses

var

p, Ip, x smailint
num number
short, I, r string
endvar
r=")"

l="("



short = fstring
while advMatch(fstring, "[)]") = True
rp = fstring.search(r)
short = fstring.substr(l, rp-1)
while advMatch(short, *{(]*) = True
lp = short.search(l)
short =short.substr(lp+ 1,short.size()-(1p))
endwhile
sh = short
num = calc(short, para)
:calculate the value of short
loc = fstring.search(sh)
ifloc > Z then
first = fstring.substr(1,loc-2)
else
first = °"
endif
if fstring.size() > rp then
second = fstring.substr{rp+ 1, fstring.size()-
P)
else
second = ""
endif
fstring = first + string(num} + second
short = fstring
endwhile
num = calc(short, para)
retum({num)
endmethod

Determining the Shortest Treatment Trains
method pushButton(var eventInfo Event)

var
stop, shtc, temtc, to3tc, totc, temp TCursor

ans, y, X smallint
chk, chkf Form
temt table
a, q, treat, fin string
endvar
ans = 0

a = string(0)

while ans <1 orans > 3
a.view("3, 2 or 1 shortest train needed?")
;the user specifies which shortest train is needed
ans = int{a)

endwhile

to3tc.open( "totop3")

to3te.edit()

totc.open("totop2 ")

totc.home()

temt = create "temp”
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like "totop2”
endcreate
temp.open(“temp”)
temp.edit()
temp.empty()
temtc.open("tempf™)
if not(te3tc.isempty()) then
to3tc.home()
temtc.locate("waste", to3tc.waste)
temtc.nextrecord()
else
temtc.home()
endif
;this table lists all the wastes
while not(temtc.eot(})
totc.locate("waste”, temtc.waste)
while totc.waste = temtc.waste
temp.insertRecord()
temp.copyrecord(totc)
if not{totc.nextrecord()) then
quitloop
endif
endwhile
chk.open{"chifm")
chk.num = totc.RecNo({)
chk.rec = toic.nrecords()
chk.waste = lemp.waste
chk.wait()
temp. PostRecord()
k =10
for y from 1 to ans
for x from k to 1 step -1
treat = “treat” 4+ string(x)
if temp.locate(treat, "") then
k=x
while not{temp.eot())
while temp. (treat).isblank(}
to3tc. InsertRecord(}
to3tc.copyrecord(temp)
ify <=3 then
shtc.open(“shtr3")
shic.edit()
shte. insertrecord()
shtc.copyrecord(temp)
shte.close()
endif
if y <= 2 then
shtc.open(“shtr2")
shtc.edit()
shtc.insertrecord()
shtc.copyrecord(temp)
shtc.close()



endif
ify = 1 then
shtc.open("shtrl™)
shtc.edit()
shte.insertrecord()
shte.copyrecord(temp)
shte.close()
endif
if temp.atLast() then
temp.deleterecord()
quitloop
else
temp.deleterecorc()
endif
endwhile
if not(temp.locatenext(treat, "")) then
quitloop
endif
endwhile
quitloop
endif
endfor
to3tc. PostRecord()
ifans <> 3 and y = ans then
chkf.open("chkfm")
chkf.tot = to3tc.nrecords()
fin = chkf.wait()
if fin = "no" then
while ans <1 orans > 3
a.view("3, 2 or 1 lowest secondary
wastes needed?")
ans = int(a)
endwhile
else
quitioop
endif
else
ify = 3 then
quitioop
endif
endif
endfor
temp.empty()
if temtc.atlast() then
quitloop
else
temtc.nextRecord()
endif
endwhile
temp.close()
to3tc.empty()

267

msginfo("Complete", "Shortest trains determined”)

to3tc.closey)
endmethod

Determining the Lowest Secondary Wastes
method pushButton(var eventlnfo Event)

var .
m2tc,temtc,stop,temp, top3tc,totc Teursor

chkf, chk, treatf form
temt table
a, q, fin string
ans, X, Y smallint
endvar
ans = 0

a = string(0)
while ans <l orans > 3
suser defines the lowvest secondary vastes needed
a.view("3, 2 or 1 lowest secondary wastes
needed?"™)
ans = int(a)
endwhile
totc.open("totop2™)
top3te.open(“totop3”)
temic.open( " tempf")
if not(top3tc.isempty()) then
top3tc.home()
temic. locate("waste”, top3tc.waste)
temtc.nextrecord()
else
temtc.home()
endif
top3tc.edit()
temt = create "temp”
like “totop2”
endcreate
temp.open(“temp”)
temp.edit()
temp.empty{)
while not(temtc.eot())
tote.locate("waste", temtc.waste)
chk.open("chlfm")
chk.num = totc.RecNo()
chk.rec = totc.nrecords()
chk.waste = totc. vaste
chk.wait(}
while tole.waste = temitc, waslte
temp.insertRecord()
temp.copyrecord(totc)
if not(totc.nextrecord()} then
quitloop
endif
endwhile



for x from 1 to ans
temp.home()
wimass = temp.wmass
while not(temp.eot())
while not{temp.eot()}
temp. nextrecord()
if temp.wmass < wmass then
wimass = temp.wmass
endif
if temp.atlast() then
quitloop
endif
endwhile
temp.locate("wmnass”, wmass)
while temp.wmass = wmass
top3tc.insertrecord()
top3tc.copyrecord(temp)
if x <= 3 then
m2tc.open("minZw3")
m2te.edit()
m2tc.insertrecord()
m2tc.copyrecord(temp)
m2tc.close()
endif
if x <= 2then
m2tc.open("min2w2")
m2tc.edit{)
m2tc.insertrecord()
mZ2tc.copyrecord(temp)
m2tc.close()
endif
if x = 1 then
m2tc.open{"min2wl")
m2tc.edit()
m2te.insertrecord()
m2tc,copyrecord{temp)
m2tc.close()
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top3tc.open(“totop3”)
chkf.open("chkfm”)
chkf.tot = top3tc.nrecords()
fin = chkf.wait()
top3te.close()
if fin = "no” then
while ans <1 orans > 3
a.view("3, 2 or 1 lowest secondary
wastes needed?”)
ans = int(a)
endwhile
else
quitioop
endif
else
if x = 3 then
quitloop
endif
endif
endfor
temp.empty(}
if temtc.atLast() then
quitloop
else
temtc.nextRecord()
endif
endwhile
temp.close()
;top3tc.open("totop3”}
;top3tc.copy("totop2")
top3tc.empty()

msginfo("Complete”, "Minimum secondary waste

determined™)
top3tc.close()
endmethod

Matching Treatment Trains

endif ‘
if temp.atlast() then method pushButton(var eventInfo Event)
temp.deleterecord() var
quitloop deltc, extc, opte, rectc, tem3tc, ttc, temlte,
else temZ2tc TCursor
temp.deleterecord() restc, ralc, stop, resltc, temdtc, temtc, foptc,
endif totc TCursor
endwhile delrec, res query
if not(temp.locatenext({"wmass", wmass)) test Dynarray[} Anytype
then fopt,tot,tem,del, tempf3,tempf4, exam Table
quitloop treat string
endif X, ¥ simallint
endwhile chk?, chck form
top3tc. PostRecord() fm number

ifans < > 3 and x = ans then endvar
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done = "no” "recycle”™)
mtc.open( "rumb") executeQBEFile("delreng.qgbe™)
mtc.edit() del.attach(":priv:deleted.db™)
tempf3 = create "tempf3" del.add("reusel.db”, True, False)
like "totop2” ' executeQBEFile("delrew.qbe™)
endcreate rectc.open( recycle™)
exam = create "exam” quitloop
like "totop2” else
endcreate if done = "yes" then
;remove those which can be directly reused quitloop
executeQBEFile("delre.qbe") endif
del.attach(":priv:deleted.db™) endif
del.add("reusel.db", True, False) rectc.nextRecord()
executeQBEFile("delrew.qbe™) endwhile
if mtc.isempty(} then if recte.isempty() then
mtc.InsertRecord() quitloop
mtc.rmum = 1 endif
endif input = totc.result
totc. open("totop2") treat = totc.treatl0
totc.home() res = Query
while not(totc.nrecords()=0) totop2.db | waste |treatl0 |Result |
tic.open("tot") {check | check “treat |check input |
tte.empty() endquery
ttc.close() executeQBE(res, "resl.db")
;sort for the first result and treat1Q reslic.open("res1")
;find the result/T10 servicing the most wastes tem3tc.open("tempf3")
left in the total file if tem3tc.isempty() or
rectc.open{"recycle") tem3tc.nrecords() < reslte.nrecords() then
rectc.empty() tem3tc.close()
recte.close() reslic.copy("tempf3™)
executeQBEFile("reclwq.qbe", "recycle™) else
rectc.open{"recycle") tem3tc.close(}
if rectc.isempty() then endif

done = "yes" A resltc.empty()

rectc.close() reslte.close()

executeQBEFile("stanwq.qbe", "recycle™) rectc. NextRecord()

executeQBEFile("delreuq.qbe™) endwhile
del.attach(":priv:deleted.db™) if rectc.isempty() then
del.add("reusel.db", True, False) quitloop
executeQBEFile("delrew.qbe") endif

rectc.open(“recycle”) recie.close()

endif tem3tc.open("tempf3")
rectc.home() tem3tc.copy(“resl™)
recte.edit() tem3tc.empty()

while not(rectc.eot()) tem3tc.close()

while not(totc.locate("waste", rectc.waste, totc.close()

"result”, rectc.result)) ;copy all trains to tem] table
rectc.deleterecord() executeQBEFile("tr..i.gbe”, "teml.db")
if rectc.isempty() and done = "no" then totc.open("totop2™)

done = "yes" chek.open(“chekfm™)
rectc.close() chck.no = totc.nrerords()

executeQBEFile("stanwq.qbe", chek.close()



temtc.open(“teml”)
temtc, home()
if temtc.nrecords() > 50 then
temtc.close()
treatnine()
endif
extc.open("exam")
if not{extc.isempty()) then
extc.empty()
endif
temtc.open{"tem1")
temtc.home()
temtc. MoveToRecNo(rntc.rmum)
extc.edit()
extc.insertrecord()
extc.copyRecord(temtc)
mtc.edit()
while mtc.rmum < = temtc.nrecords()
a=temtc,nrecords()
chk2.open("ch2fm")
chk2.result = temtc.result
chk2.treatl0 = temtc.treatl0
chk?2.waste = temtc.waste
chk2.num = mtc.mum
chkZ.rec = a
chk2.wait()
temtc.close()
extc.close()
executeQBEFile("match.qbe”, "tempf4”)
executeQBEFile("delw.gbe™)
temtc.open(“teml™)
temtc. home()
;find out the total number of treatments
+find num. of treatments
t=0
n=0
tem4tc.open("tempfd™)
tem4ic.home(}
temdtc.edit()
while not(n > 10)
;follow each treatment through
extc.open{"exam")
if n>0 then
;to determine the matching level of the
waste ;now find the next matching train
suse x and switch
fory fromn to 10
switch
case y=1:
if exic.locate("treat] ", temdtc.treatl,
"treat2”, temdtc.treat2, "treat3”,
temndtc. treat3, "treatd ", temdtc. treatd,
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"treat5", temdtc.treatS, "treatb”,
temd4tc.treatb, "treat7 " temdtc. treat7,
"treat8", temdte.treat8, "treat9”, '
temdtc.treat9, "treat10”,
temdtc.treat10) then
n=y
quitloop
endif
case y=2:
if extc.locate("treat2”,temdtc. treat2,
“treat3”,temdtc.treat3, "treatd"”,
temdtc.treatd, "treat5" terndtc. treats,
"treat6” temdtc.treat6, "treat7",
temdtc.treat?, "treat8" ,temdtc. treat8,
"treatd", temdtc.treat9, "treat1Q",
temdtc.treat10) then
n=y
quitioup
endif
case y=3:
if exte.locate("treat3" , temdtc.treat3,
"treatd4” ,temdtc.treatd, “treatd”,
temdltc. treatS, "treat6 ", temdtc. treat6,
“treat7” temdtc.treat?, "treat8",
temdte.treat8, "treat9"” temdtc. treat9,
"treatlQ”, temdtc.treat1Q®) then
n=y
quitloop
endif
case y=4:
if extc.locate( “treatd " temdtc. treatd,
"treat3", temdtc.treatS, "treat6”,
temdtc.treat6, "treat7 ", tem4tc. treat7,
"treat8”,temdtc.treat8, "treat9”,
temdtc.treat9, "treat10",
tem4tc.treat10} then
n=y
quitloop
endif
case y=5:
if extc.locate( "treat5" temdtc. treats,
"treato", temdte.treatl, "treat?”,
temdtc.treat?, "treat8" tem4tc.treat8,
"treat9"”,temdtc.treat9, "treat1O",
temdtc.treatlQ) then
n=y
quitloop
endif
case y=06:
if extc.locate("treat6 ", temdtc. treatb,
"treat7 ", temdtc. treat?, "treat8",
temd4tc.treat8, "treat9 " temdtc. treatd,



"treat10”, temdtc.treat10) then
o=y
quitloop
endif
case y=T:
if extc.locate("treat7” temdtc. treat7,
“treat8", temdtc.treat8, "treat9”,
temdtc.treat9, "treat10”,
temdtc.treatl0) then
n=y
quitloop
endif
case y=38:
if extc.locate("treat8" ,temdtc. treatd,
"treat9", temdtc.treat®, "treatl0”,
temdte. treat10) then
n=y
quitloop
endif
case y=9:
if extc.locate( "treat9"” temdtc.treat9,
"treat10", temdtc.treat10) then
n=y
quitloop
endif
otherwise:
n=10
quitloop
endswitch
endfor
clse
n=12
endif
;now determine the number of treatments
for x from n to 1 step-1
if x = 12 then
x=10
endif
treat = "treat” -+ string(x)
if not(tem4te.(treat).isblank()) then
t=t+1
else
quitloop
endif
endfor
if n<=10 then
exte.edit()
extc.insertRecord()
extc.copyRecord(temic)
;add all the same treatments to t4 table
temtc.close()
extc.close()

executeQBEFile("delmat.qbe™)
deltc.open(™:priv:deleted.db™)
deltc.add{"tempfd", True, False)
temdtc.locate("waste”, deltc.waste)
temdte.close()
deltc.close()
:delete all wastes found in T4
executeQBEFile("delw.qbe™)
temndtc.open("tempf4™)
temdtc.home()
temdtc.edit()
;now find the next treatment
temtc. open(“teml ™)
temtc.home()
;add this to exam table
if not(temtc.isempty()) then
extc.open{"exam")
extc.edit(}
exte. InsertRecord()
extc.copyRecord(temtc)
exte.close()
endif
endif
n=x+1
if temtc.nrecords() = O then
temte.close()
executeQBEFile("train.qbe",
“teml.db")
executeQBEFile( "delw.gbe")
temtc.open(“teml")
if not(temtc.nrecords() = 0) and
temtc.nrecords() > 50 then
treatnine()
endif
if temtc.nrecords{) = O then
quitloop
endif
endif
endwhile
:calculate mass/treatment ratio
temdtc.home()
fm =0
wh'. mot(temdtc.eot())
fim — fm + {temdtc.mass-temdtc. wmass)
temdtc.nextrecord()
endwhile
fm = fmft
tte.open("tot”)
tte.edit)
t=0
:first determine if this option is the same
as any other



if not(ttc.isempty()) then
tem3tc.open(“tempf3")
tem3tc.empty(}
tem3tc.close()
for x from 1 to ttc.nrecords()
optc.open(ttc.option)
optc.copy("tempf3")
optc.close()
temdtc.close()
executeQBEFile{"comp.qbe”, "tempf3")
;compares t4 and t3
tem3tc.open("tempf3")
temdic.open("tempf4 ™)
if tem3tc.nrecords() =temd4te.nrecords()
then
:if same then move on
next = "yes"
temdtc.empty()
quitloop
else
next = "no”
tem3te.empty()
endif
tem3tc.close()
endfor
else
next = "no"
endif
if next = "no” then
k = ttc.nrecords()+ 1
ttc.insertRecord()
ttc. fmass = fm
op = string(k)+ "option”
sort("tot.db")
on “fmass” D
endsort
if ttc.nrecords() <4 then
ttc.option = op
else
ttc. MoveToRecNo(4)
if not(ttc.option.isblank()) then
op = tlc.option
endif
ttc.deleterecord() N
ttc.locate(option”, "")
ttc.option = op
endif
temdte.copy(op)
endif
tte.close()
temdtc. close()
tempf4.attach( "tempf4")
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ternpf4.delete()
:now refresh teml table
temic.close()
executeQBEFile( "train.qbe”, "tenl.db")
temtc.open("tem1™)
if temtc.nrecords() > 50 then
temtc.close()
executeQBEFile("train2.qbe™,"tem1.db")
temte.open(”tem1")
endif
extc.open{"exam")
extc.edit(}
extc.empty()
temtc.open("tem]1™)
while mtc.mum < = temtc.nrecords()
mtc.rmum = ratc.rnum+ 1
if not(temtc, MoveToRecNo(rntc.rnum))
then
quitioop
endif
extc.insertRecord()
exic.copyRecord(temtc)
temtc.locate("treat] " ,extc.treatl,
"treat? "extc.treat2, “treat3”,extc.treat3,
“treatd” extc.treatd, "treat5” ,exte.treats,
"treatb”,exte.treatb, "treat7" extc.treat’,
"treat8",exte.treat8, "treat9” extc.treat9,
"treat10”,exte.treat10)
if mtc.mum = temtc.recno() then
quitloop
else
extc.empty()
endif
if rtc.mum > temtc.nrecords() then
quitloop
endif
endwhile
mtc.PostRecord()
endwhile
;wastes option found for that result
sdelete wastes from main table
optc.open(” loption™)
optc.home()
totc.home()
totc.edit()
while not(optc.zot())
while totc.locate{"waste”, optc. waste)
tote.deleterecord()
totc.home()
endwhile
optc. NextRecord()
endwhile



optc.close()
;copy to final option tables
forx fromito3
op = string(x) + "option”
fop = string(x) + "fopt”
foptc.cpen(fop)
foptc.edit()
optc.open(op)
optc.add(foptc, True, Faise)
optc.empty()
opte.close()
fopte.close()
endfor
:find another result
mtc.mum = 1
mtc. PostRecord()
temtc.close()
tem3tc.open("tempf3 ™)
tem3tc.empty()
tem3tc.close()
endwhile
;this adds the common trains and reuseable wastes
to the final options so each
;option should have trains for all wastes
rectc.open{"reusel™)
forx from 1to 3
fop = string(x) + "fopt”
rectc.add(fop, True, False)
switch
case X = 2:
executeQBEFile("foplq.qbe")
fopt.attach(":priv:answer.db™)
fopt.add("fopt2.db", True, False)
case x = 3:
executeQBEFile("fop2q.qbe")
fopt.attach(“:priv:answer.db")
fopt.add("fopt3.db", True, False)
endswitch
fopt.attach(fop)
sort fopt
on "Result” D, "treat10” D, "treat9" D,
"treat8" D, "treat7" D, "treat6” D,
“treat5" D, "treatd” D, "treat3" D,
“treat2" D, "treatl” D
endsort
endfor
recte.close()
rote.empty()
mtc.close()
tem.attach("teml ™)
tem.delete()
tem.attach{"tempf1")
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tem.delete(}
tem.attach("tempf2")
tem.delete()
rectc.open(“recycle™)
recte.empty()
recte.close()
rectc.open{"reusel”)
rectc.empty()
recte.close()
exte.open("exam")
extc.empty()
exte.close()
endmethod

proc treatrine() ;this subroutine selects trains
whose treatment nine match

;used when the number of trains with matching
results and treatment ten are > 50

var
stop, wltc, wl2tc, temtc, restc TCuvrsor
fin, res, tre Query
totlist, wlist, wlist2, rest Table
tot longint

endvar

res = Query

teml.db}waste |treat9 |
| check | check |
endquery
executeQBE(res, "res2.db")
restc.open("res2")
reste. home()
a = restc,nrecords()
totlist = create "wlist2”
with “treat9” : "A35", "total” :"N"
endcreate
q="no"
while not(restc.eot(})
n=restc.RecNo()
treat9 = restc.treat9
reste.close()
tre = Query
res2.db | waste |treat9 |
| check | “treat9 |
endquery
executeQBE(tre, "wlist.db”™)
wltc.open(“wlist")
wl2tc.open("wlist2")
wi2te.edit()
wl2tc.insertRecord()
wl2tc.treat9 = treat9
wl2tc.total = wltc.nrecords()
wl2tc.close()



witc.empty{)
witc.close()
restc.open("res2”)
if restc.atLast() then
quitloop
endif
restc. MoveToRecNo(n +1)
while reste.treatd = treatd
if restc. AtLast() then
q="yes"
quitloop
endif
restc.nextrecord()
endwhile
if g="yes" then
quitloop
endif
endwhile
sort "wlist2"
on "Total™ D
endsort
wi2tc.open("wlist2™)
wl2te.home()
tot = wl2tc.total
treat9 = wl2tc.treat?
wi2te.close()
fin = Query
wlist2.db |treat? | total
| check | check ™ tot
endquery
executeQBE(fin, "wlist2.db")

executeQBEFile("match3”, "teml™)

temtc.open(tem] "}
a = temtc.nrecords()
temtc. close()
reste.close()
rest.attach("res2™)
rest.delete()
wlist.attach("wlist")
wlist.delete()

retum

endproc
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Appendix 5 Data Input Forms

The following figures show most of the data forms which make up the KBDSS. Those that have
not been included are those which are similar to ones shown here or are small inset fornis which request

the user to wait while the program runs. Further refinements of the sysiem requite some upgrading to

increase its user-friendliness and to improve on data display.

Inteqrated Waste Management

Enter Company, Input, Production and Waste Data

Determine Waste Management Options

Input or Modify Treatments

Exit to Paradox

Figure A5.1 Main Menu,
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Company : | I

Industry : Ehemiml @
Plant : | . I

Address : i

Person Interviewed : | i

Retum to Main Menu

Add another plant

Continue this plant

Process :

Site Description :

R
Figure AS.2 Input form for company data

puanT Fertilizers of T&T

Please select the process:

knachinelequipment storage

Figure AS.3 Selection of process




Process Equations

Ptant: Caribbean ISPAT Ltd

Process : DRI prod. .
Material Type :

Material : fron ore . |

Quantity {kg) : 1.000.00] Maleweight : ]

“Next Material SNext Process '»Equations Completed

Figure A5.4 Defining manufacturing processes

Plant: Ferilizers of T&T I Process facid gas removal

Input : Eriethzlene glycol |
state: [___liqud 3§
Mass : [ 0.21. Eonnes. Ni per

Cost: | - B per tonnes

% manufactured material ZSsimple material

Figure AS.5 General data form for inputs
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Flant: Caribbean ISPAT Lid. [ Process : DRI prod. k

Input : fron ore ]

Please input the essential components in this material, listing the
percent of each and the allowable maximum and minirmum of each.

Input Component Current Percent Minimum Maximum
1 iren o 8T8 67.00 70,00
2 i SR
3 sttt e
R S S e

Figure AS5.6 General data form for inputs - form 2

Solid Inputs - continued

Plant [Caribbean ISPAT Ltd. | Process DRI prod. A
Input :

PH: 7.00: 8.00;
CoDb: S 2. 000
Sovents: 0o¢ 000 000
Qil 0.00 0.00
Soluble salts : Lo 0,00
Heavy metals : e 00 o 000
Iron £50.000.00° 700.000.00
Paper 2L .00
Organic Toxics : 1.00i 5.00
Plastics : e 000 ;
Ash: 1.000.000.00 950,000.00 1.000,000.00
Other metals ; 33.000.00° 0.0¢¢ 330,000.00

Figure AS5.7 Data form for parameters of solid inputs.
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Products

Plant : Earibbean ISPAT Lid. | Process : teel prod. .

Product: Kteel biliets [

Mass : |:||20.000,000.I fonnes 14':’; per |lear B Price : [: per tonnes

Component Percent

steel 100.09]

Figure A5.8 Data input form for products

Wastes
Plant: [Fertilizers of T&T —J Process : facid gas removal
Waste : [menoethanclamine 1 State : Bludge m
Mass:[  108.86] lonnes ] per fear ] Fate: pffsite waste disposal _E]
Component Percent

1 monoethanolamine oo 80,00

2 acid organics | 14,00

4 antimony ___ Bos

Figure A5.9 General data input form for wastes.
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Gas Wastes (continued)

Plamt  [T&T Methanol Gas Co. Lid, 1 Process [ooling

Waste: freon '

Corosivity: 7.00 CFC:
Volatiles: 1,000,000 00: Coz:

il : 0.00: 80z2:
Pariculates : 0.00¢ NOx:
Water 0.00 Cl:
Heawmetals: 000 N

_1,000,000,00
0.0¢

0.00

0.00:

Figure AS.10 Data input form for parameters of gas wastes

Liguid Wastes (continued)

Plant  Fertilizers of T&T i Process xooling

Waste: Eoolingwater ]

PR: ...J00 Heavy metals: _....52.00

cop: ...800 POa 10.00
Solvent: _...000 Sulphide: 0.09

Qil: 8.00) NHa 1.258.0@
Particulates: 000 NOs: .0
Dissolved solids : 2.620.00] Organic Toxicity : 2,620.00

Figure AS5.11 Daia input form for parameters of liquid wastes.
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Sludge Wastes {continued)

Plant  Fertitizers of T&T 1 Process |acid gas removal 3

Waste :

pH: 1100 Water: 10.0

COD: _ 940000.00 Organic Toxicity : _1,000,000.00]
Solvents: 000 Heavymetals: 2000000

oit: _ 0.00 fron: 0.00
Particulates - 50,000.00 TotalN:  56,000.00]
Dissolved solids : __940,000.00; Sulphide : .0.00

Ash: 100,000.00}

Figure AS.12 Data input form for parameters of sludge wastes

Solid Wastes (continued)

Plart  Ferilizers of T&T | Process: [iltration
Waste: hctivated carbon i
Leachate PH: 10.00; Heavy metals : 40,000.00)
CoD: 840,000.00; ron: 000
oit - 0.00} Paper/eardboard :
Solvents ; 0.00 Organic Toxics
Dissolvable solids : 200.000.00: Plastics :
Ash Other metals

Figure AS5.13 Form showing mass balance of inputs, products and wasles.
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Please select a plant from the following list:

T&T Methano! GasTo, Lid.

Caribbean Safety Products Ltd.
Central Trinidad Stee! Ltd.
Ceramic Designs Ltd.
Cien Chemicals
Steel Containers Ltd.

" Fertilizers of T&T
Hydro Agri
Caribbean ISPAT Ltd.
Industrial Gases Ltd.
National Agro Chemicals Ltd.
Phoenix Park Gas Processors Lid,
Quesnel Scott Chiorine Plant
Shell Lube Cil Blending Plant
Shoruvi Industries
Phoenix Plastics Ltd.
Supermix Foods Ltd.
T&T Electricity Company
T&T Methanol Gas Co. Ltd.
T&T Urea Company
Trinidad Cement Ltd.
Trintoc Urea Formaldehyde Plan
United Engineering Services Lid.
Universal Foods Ltd.

Return to Main Menu

Figure AS.14 Form allowing user to select plant for updating data.

Determining Waste Management Options

Level 2

Determine waste management
options for one plant

Determine waste managemeni options for an
industrial estate or for more than one piant

Add another plant's waste data

Return to Main Menu

Figure AS.15 Main menu - selecting evaluation of plant wastes.
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Waste Management

Selection of Plants

Please select the plants you wish to include
in determining waste management options.

Selection Complete

LR L LR TS

Figure AS5.16 Form allowing user to select plants o be included in the evaluation.

Setting Waste Standards
You have the following different types of wastes:  gas 10 liguid 23
sludge 3 solid 36

Please chose the standards for disposal of these wastes, if the standards
listed are unacceptable, select 'other’ and input the correct standards.

Onl. Air Pollution Reg
Ont. Effiuent Reg
Ont! Landfill Reg.

Ont. Land Disposal Reg
i Other

Figure A5.17 Form indicating the number of wastes from the selected plants, requesting user to select

standards to be included in the evaluation and initiating the decision support system.
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Final Results

Total Number of Wastes : 73 Number of Disposable Wastes 3%
Number of Different Wastes 57 Number of Untreatable Wastes : 7
Number of Evaluated Wastes a4 Number of Recyclable Wastes 20
Number of Treatable Wastes 37 Number of Reusable Wastes 2
Number of Treatment Trains 4693

Figure A5.18 Form showing results of evaluation

Optimizing Treatments

Sorting Treatment Trains

sorting 4693 of 4683

Selection of Treatment Options
Press Button in order of Priority

Figure AS5.19 Form for selecting criteria for determining final options.



Integrated Waste Management

Enter Company, Input, Production and Waste Data

Determine Waste Management Options

Input New Treatments
Input or Modify Treatments Input New Stz=dards

Modily Existing Treatments

Exit to Paradox

Please select a treatment from the following list:

AP oil separation
Land Treatment
Ontario Air Pollution
Ontario Effluent Reg.
Ontario Landfill Reqg.
Ventur scrubber
anaerobic digestion
baghouse filter

belt filter - acid

belt filter - basic
carbon absorption
disk filter - acid

disk fitter - base
dissolved air flotation
electrostatic precipitat
evaporation

fixed hearth incinerati
ion exchange

liquid injection inciner
magnetic separation
multiple hearth incine
neutralization - acid
neutralization - base

Figure AS.21 Selecting a treatment to upgrade.

Figure A5.20 Main menu - selecting treatment and standard input and upgrading

Return to Main Menu
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Treatment : Ectivated sludge J
Minimum Maximum Particulate Size:
pH 6.00  8bo Minimum Maxirmum

olvents 0.00 200.0¢ s =

s U, .1 . S — :&g gravel (>30 mm) g

Particulates ......__O_Dq ........... 1'5_9_00_0. ?‘ dust (0_01 - 0.5mm) ;éa:

i i Rl : 3
ol ——-—0'00_‘ - . $  fines (.001-.0%mm) K
Heavy metals 0.00 100.00: -

. ) ¥ smoke (<.001 mm} %

NCa . ..00C .1.000.000.00 = i
N 000 400,00
Dissolved sclids __ 0.0¢ _1,000.000.00
OrganicToxics  _____ 00€ 10000
Sulphides 000 20000
PO4 0.0¢ 1.000,000.00

Figure AS5.22 Form for inpulling the determining parameters for the selected treatment.

Treatment anaerobic digestion

How many outputs are there from this treatment? 2

Please indicate the state (gas, liquid, sludge, solid) for each output:

gas g &

Figure AS5.23 Form requesting the number and type of cutputs from a treatment.
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Output Formulae for Treatment : [carbon absorption i

State : liquid

Mass : mass-((.8*(Voi+Qil+.1"Part+.5°DS)*mass/1000000) !

pH pH | NOz  (NO3*mass)Mass2 |

Solvents (Sol)  2*Vol*massMass2 i NHy  (NH3°mass)Mass2 |

COD  2°COD massMass2 | Oi  _2oil*massMass2 !

Particulates (Part)  .1°Part*mass/Mass2 | Organic Toxics .03 Tox"rmassMass2 |
Particulate Size (PS) PS i Sulphide (S} (S"mass)Mass2 !

Dissolved Solids (DS)  (5°DS"mass)iMass2 R PO4  (PO4 mass)Mass?

Heavy metals (HM) . 05°HM*mass/Mass2 {

Figure AS.24 Form for inputting liquid output formulae for the selected trecaument.

Output Formulae for Treatment : baghouse filter | State : solid
gdehatcensiten
Mass : 98*Part"mass/1000000
Leachate pH (LpH)} pH 1 Iron (99°Fe*mass)Mass2
Solvents (Sol) o ] Ash (99*Part"mass)Mass?
.ryifs | Plastics/Rubber g
COD  (2.2°Qil"mass)Mass2 i (Plas)

OiliGrease (Oil)  (.67-0ilmass)Mass2 i PaPe”Ca'db(gz"’) 0 ;
p

Pariculate Size (PS) 3

Organic Toxics

{Tox) 0

Soluble Solids (38) :

Other Metals (OM) (.99*OM*'mass)/Mass2

Figure A5.25 Form for inputting solid output formulae for the selected treatment.



