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ABSTRACT

An alternative technique for estimating toxic releases in the production of

petrochemicals for the materials production stage of a life-cycle inventory was

developed This procedure is called the Public Data Method and is based on data sources

available from the public domain- the Toxic Release Inventory, the Chemical Guide to

United States, selected hteramre sources. Chemical Marketing Reporter chemical

profiles, and the Environmental Protection Agency's Sector Facility Indexing Project

notebook on petroleum refining Petrochemical databases for polystyrene, high-density

polyethylene, polyvinyl chloride, polycarbonate, and ethylene glycol were created by the

Public Data Method and presented as examples of this methodology.

Results were mixed, with the positive result of speciation of toxic releases, but

negative result of inconsistent datum values when compared to values from other data

sources.

Advantages of the Public Data Method are generation of speciated data of toxic

chemical emissions, less aggregation than is found m the data sources of conventional

life-cycle inventories, data that is current and date-specific, and less labor-intensive than

current methods.

Although the Public Data Method as presented m this study was applied to

petrochemicals, it could be used for other materials based on sector facility reports of

other industries such as, aluminum, copper, lead, or zinc refining, the iron and steel

industry, metal mining extraction, glass and other industries

IV
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CHAPTER 1

INTRODUCTION

The subject for this thesis involves the estimating of the toxic releases for

upstream petrochemicals a of life-cycle inventory (LCI) The LCI is one part of a life-

cycle assessment (LCA), which is a tool that is used to evaluate the environmental effects

associated with the manufacture of a given product The LCA evaluates the product or

process from the "cradle to the grave," essentially doing mass and energy balances on the

product It IS a tool that is now being used today more and more by the engineer to

provide a better understanding of the effects on the environment associated with the

decisions of how to make a product and what materials are used to make that product

1.1. OBJECTIVE

The objective of this work is to develop a method based on data obtained from the

public domain that will determine the amount of toxic chemicals released per pound of

product produced for an upstream material of an LCI The database should generate more

speciated data on toxic chemical emissions than is found m conventional life-cycle

inventories It is also desirable that this method be less time-consuming and less labor-

intensive than present methods of producing upstream inventory data



1.2. METHODOLOGY

The approach method used in this paper is to review the conventional

methodology used in LCIs, then to present an alternative method that may be utilized to

obtain data and to make the appropriate estimations needed for a given LCI. The new

method is then compared to existing data sources and conclusions concerning the

applicability of this method are made



CHAPTER 2

BACKGROUND

2.1. STEWARDSHIP

There is a saying in American popular culture, "I shop like a bull -1 charge

everything " This philosophy in a way reflects the path modem society has taken m

respect to its environment. At times, mankind has used the resources of its environment

with no regard to the impact that a wasteful lifestyle has on future generations In short,

we "buy now," and subsequent generations "pay later "

A more responsible approach to our environment involves the concept of

stewardship A steward is a person who manages things that belong to someone else

Moreover, m regard to the world and all the resources it avails to mankind - from non-

renewable resources such as minerals of the earth, to renewable resources such as plant

and animal life - mankind is, for better or worse, a steward of the world's resources

A steward can manage the things that belong to someone else well, or he/she can

manage them poorly A pertinent saying from the Bible admonishes the reader to be a

responsible steward, "Every one to whom much is given, of him will much be required"

(Luke 12.48) Mankind has been given much. We have been given abundant assets

within our environment and the cognizance to utilize these resources for our betterment

Our society has a responsibility to manage our environment effectively or else we could



lose or destroy these invaluable resources, not only for the present but also for future

generations

2.2. SUSTAINABLE DEVELOPMENT

An idea in environmentalism that encompasses this idea of being a good steward

IS "sustainable development" Sustainable development was defined m the 1987

Commission on Environment and Development as "development that meets the needs of

the present without compromising the ability of future generations to meet their own

needs" (Wenzel, Hauschild, and Altmg, 1997) In other words, managing our

environment m such a way that it can continue to meet our present and future needs

Robert Oilman, President of Context Institute, wrote, "Sustamability refers to the ability

of a society, ecosystem, or any such ongoing system to continue functioning into the

indefinite future without being forced into decline through exhaustion of key resources"

(Oilman, accessed March 2000)

The concept of sustainable development can be applied to our communities.

The focus and scale of sustamability efforts depend on local conditions,

including resources, politics, individual actions, and the unique features of

the community. The sustainable communities approach has been applied

to issues as varied as urban sprawl, inner-city and brownfield

redevelopment, economic development and growth, ecosystem

management, agriculture, biodiversity, green buildings, energy

conservation, watershed management, and pollution prevention. Many of

these issues and other community problems cannot easily be addressed by

4



traditional approaches or traditional elements within our society {Linking

Sustainable Community Activities to Pollution Prevention A Sourcebook,

April 1997).

Sustainable development is something of a philosophy or doctrine that links the

environmental and economic concerns of our society

Sustainabihty is the [emerging] doctrine that economic growth and

development must take place, and be maintained over time, within the

limits set by ecology in the broadest sense - by the interrelations of human

beings and their works, the biosphere and the physical and chemical laws

that govem it It follows that environmental protection and economic

development are complementary rather than antagonistic processes

(Ruckelshaus, September 1989)

In the last few centuries with the advent of the industrial revolution, the impact of

humans upon the environment has grown from local to regional, and sometimes even

global The population growth of our species, the introduction of new chemicals into the

environment, and mankind's use of larger parts of the earth, have all contributed to man's

impact upon the environment Global impacts include the introduction of CO2, CFCs

(chlorofluorocarbons), mercury, DDT (dichlorodiphenyltrichloroethane), PCB's

(polychlormated biphenyls), dioxins and furans into the environment These chemicals

exhibit characteristics of long life and thus wide dispersal into the environment (Wenzel,

Hauschild, and Altmg, 1997) Also of concem is the effect of these and other toxics

released into the environment and their affect on plant and animal life Some species



become endangered with extinction, while humankind sometimes faces hesilth hazards

due to these toxic chemical releases

2.3. LIFE-CYCLE ASSESSMENT

With these concems for the effect mankind has on his environment and also on

human health, a tool has been developed to help gauge the impact on the environment

from a product, process or activity This device is referred to as a life-cycle assessment,

orLCA

SETAC (Society of Environmental Toxicology and Chemistry) defined the life-

cycle assessment as (SETAC, 1991)

an objective process to evaluate the environmental burdens associated

with a product, process, or activity by identifying and quantifying energy

and materials used and wastes released to the environment, to assess the

impact of those energy and materials uses and releases on the

environment, and to evaluate and implement opportunities to affect

environmental improvements The assessment includes the entire life

cycle of the product, process or activity, encompassing extraction and

processing of raw materials, manufacturing, transportation and

distribution, use/re-use/mamtenance, recycling, and final disposal "

An LCA gives professionals a way to holistically look at the effects on the

environment of a process or product throughout its cradle-to-grave life cycle (SETAC,

1991)



The LCA is used as an environmental analysis tool that can help identify, assess,

and solve the environmental concerns associated with the product in question and to help

reduce the environmental burdens associated with the production, usage and end of life of

a given product (SETAC, 1991)

According to SETAC (1991), there are typically three mam parts to an LCA

1) Life-Cycle Inventory - An objective data-based process of quantifying energy

and raw material requirements, air emissions, waterbome effluents, solid

waste, and other environmental releases throughout the life cycle of a product,

process, or activity

2) Life-Cycle Impact Analysis - A technical, quantitative, and/or qualitative

process to characterize and assess the effects of the environmental loadings

identified in the inventory component The assessment should address both

ecological and human health considerations, as well as such other effects as

habit modification and noise pollution

3) Life-Cycle Improvement Analysis - A systematic evaluation of the needs and

opportunities to reduce the environmental burden associated with energy and

raw materials use and environmental releases throughout the whole life-cycle

of the a product, process, or activity This analysis may include both

quantitative measures of improvements, such as changes m product, process,

or activity design; raw material use, industrial processing, customer use, and

waste management.



Wenzel, Hauschild, and Alting (1997) presented a slightly different LCA method

described as the Environmental Design of Industrial Products method, or the EDIP

method This method of performing an LCA breaks down the LCA into four phases:

1) goal definition

2) scope definition

3) inventory

4) impact assessment

The objective of the LCA is laid out in the goal definition The scope definition

determines how large a part of the product's life-cycle is to be included The inventory is

once again the gathering of input and output information on the product. Finally, the

impact assessment is the interpretation of this inventory data (Wenzel, Hauschild, and

Altmg, 1997)

1  '

2.4. LIFE-CYCLE INVENTORY

Of the three mam parts of an LCA, this paper is interested m the life-cycle

inventory. In Life-cycle assessment' Inventory Guidelines and Principles, Boguski et al

(1993) summarized the key aspects of a life-cycle inventory with the following

statements-

Life-cycle inventories may be used both internally by organizations to

support decisions m implementing improvements and externally to inform

decisions, with external applications requiring a higher standard of

accountability Life-cycle inventory analyses can be used m process

analysis, material selection, product evaluation, product comparison, and

8



policy-making.. The specificity of a life-cycle inventory may range from

completely generic to entirely product-specific, with most studies falling

somewhere m between. Data collection and results interpretation are

strongly influenced by study specificity In life-cycle inventory analysis,

the term "system" refers to a collection of operations that together perform

some defined function.. .A broad-based life-cycle inventory begins with

raw materials and continues through final disposition, accounting for

every significant step m a product system. Each subsystem requires

input of materials and energy, requires transportation of product produced,

and has outputs of products, coproducts/by-products, solid waste,

atmospheric emissions, waterbome wastes and other releases

An inventory provides a quantitative catalog of the inputs (energy and raw

materials) and outputs (including environmental releases) for a specific product, process,

or activity. The inventory collects environmentally relevant information from the

processes delineated m the scope definition One then establishes unit data and sets up

unit processes, inventories the relevant environmental exchanges, and organizes the data

- usually into tables and/or as a database (Wenzel, Hauschild, and Altmg, 1997)

2.4.1. PRODUCT LIFE STAGES

In a life-cycle inventory the life of the product is broken down into different

phases or stages of the product Material and energy balances are conducted on these

subsystems, and then the system as a whole is considered According to SETAC (1991),

there are six stages that should be considered when developing a life-cycle inventory

9



1) raw materials acquisition

2) manufacturing, processing and formulation

3) distribution and transportation

4) use/re-use/maintenance

5) recycling

6) waste management

Each stage has inputs of materials and energy, and outputs of products and

various forms of waste

The EDIP method (Wenzel, Hauschild, and Altmg, 1997) divides these product

life stages or process types into seven similar stages:

1) extraction of raw materials

2) materials production

3) product manufacturing

4) use

5) disposal

6) transport

7) energy systems

The focus of this paper will be on materials production, as described in the EDIP

method This stage includes such categories of materials as metals, glass, wood and

paper, and plastics In particular, various plastics that are common to upstream

inventories of LCAs will be investigated. Note that "upstream inventory" commonly

refers to the materials (as stated above for the materials production stage) before they are

10



later machined, molded or processed in some way m the product manufacturing stage, or

the materials before they are involved in the use stage (e g , oil, gasoline, antifreeze, etc )

2.4.2. PRODUCT SPECIFICITY

With each stage the specificity of the data must be considered Data ranges in

three levels, from the most specific to least specific, are as follows (Wenzel, Hauschild,

and Altmg, 1997)

1) Product specific data - data comes directly from processes involved with the

reference product

2) Site-specific data - data that comes from the actual site of production of a

certain product, but that cannot be exclusively associated with that product

only

3) General data - general data for a process stage or type that is not specifically

product or site-specific

So, what type of specificity is required for each life stage of a product"^ Table 1

illustrates the different ranges of specificity for each inventory stage. Note that the

specificity of Materials Production is less stringent, only requiring either site-specific

data or general data.

2.4.3. DATA COLLECTION

According to Wenzel, Hauschild, and Altmg (1997), data collection is the most

time-consuming part of an LCA One must take time to gather qualitative and

quantitative information on the many processes of a product system When the

11
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appropriate data has been collected, it establishes a fundamental base of environmental

(

knowledge for the company.

2.4.3.1. DATA SOURCES

Boguski et al (1993) states that "many data sources are available to use m

inventories Well-characterized data from industry are best for production processes "

The data collection phase utilizes data from many types of data sources that have already

been established. Wenzel, Hauschild, and Alting (1997) identified four types of

inventory data sources to be utilized in data collection-

1) electronic databases

2) literature data - LCA reports, scientific and public reports, etc

3) unreported data - from manufacturers, labs, etc.

4) measurements and/or computations - where data are non-existent and need to

be improved

Electronic data and literature data usually provide the most inexpensive avenue

for obtaining needed information on the product. This data is secured through LCA

centers and specialist centers, while other databases are available over the web.

Sometimes the data measurements involve the actual product or process in the product

system. In other situations a different technology is used with the same product so that

calculations must be done Other times, extrapolation from the same process or

technology is required for a different, though comparable, material (Wenzel, Hauschild,

andAltmg, 1997)
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Unreported data describes data that comes from manufacturers that is not

available to the public for proprietary reasons Boguski et al (1993) cautions, "when

collecting data (and later, when reporting the results), protection of confidential business

information should be balanced with the need for full and detailed analysis or disclosure "

If the LCA IS only to be used by the manufacturer, then this type data is readily available.

If, however, the LCA may possibly be shared with others, then conditions must be agreed

upon on how the data can be used

Measurements/computations normally come from the actual processes of the

product system and although this data gives the most accurate representation of the

product system, collecting this type of data tends to be the most time-consuming and

expensive. Questionnaires are utilized to obtain this data from the appropriate vendors

(Wenzel, Hauschild, and Alting, 1997)

The focus of this paper will be to establish a method to use existing, publicly

available electronic and literature data m upstream LCIs that have not been utilized m

life-cycle assessments previously

2.4.3.2. DATA PROVIDERS

Who are the providers of the data used in LCAs? Traditionally, the answer has

depended upon the product life stage m question For raw materials and material

production, data comes from associations of material producers and raw materials

companies; for example, the Association of Plastics Manufacturers in Europe (APME), or

raw materials suppliers, such as oil companies. For the product manufacturing, use, and

disposal stages, the companies themselves are the most common providers Some
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international databases exist for manufacturing processes, and for disposal processes such

as incineration and landfillmg, data can be found through authorities, and through

research institutes Data for the transport and energy systems stages are usually acquired

through specialized information centers

The trend of the future appears to be data networks, which maintain current

databases of information for each stage by interfacing with the appropriate data providers

and requiring regular updates from the providers for each part of the database (Wenzel,

Hauschild, and Altmg, 1997) Each provider then has current databases not only in their

area of commerce, but also in the other stages

The scheme to be presented in this paper utilizes an electronic database that thus

allows for periodic updates. This is important, because static databases are limited m the

time span of their applicability, with parts (if not all) of the data eventually becoming

obsolete

2.5. TOXIC RELEASES

Having become familiarized with the various aspects of the life-cycle inventory the

purpose of this study must now be explained, viz , the estimation of toxic releases Toxic

releases are the emissions to the environment by the product or process In life-cycle

analyses, it is vitally important to have adequate speciation of the chemicals emitted by -

the product in order to perform environmental and health impact studies. But this is a

major problem with LCAs today - they clump together chemicals into categories and

thus limit the thoroughness of the impact analyses This leaves the practitioners of the

LCA with the unenviable task of collecting the data directly from the sources or a

15



representative source This route is expensive and time consuming, in addition to the fact

that the data may not be easily obtained or incorporated with other data obtained for the

LCI from other sources
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CHAPTER 3

THE PUBLIC DATA LCI METHOD FOR ESTIMATING TOXIC RELEASES

This paper endeavors to provide an alternative method for estimating toxic

releases per pound of product for upstream materials of a life-cycle inventory. This study

proposes to accomplish this objective by incorporating the use of publicly obtainable

data

This chapter examines the reasons to use public data, the alternative method of

collecting LCI data called the Public Data Method, details of the Public Data Method,

and related databases based on materials from an automobile case study

3.1. REASONS TO USE PUBLIC DATA

Why use public data m life-cycle inventories'^ The answer can be illustrated by

considering as an example, polystyrene, a petrochemical with such general uses as

packaging and containers, appliance parts, toys and recreation equipment, housewares

and automobile parts (Hatch and Matar, 1981) According to the EDIP method there are

seven stages to consider in the life-cycle of the polystyrene In this example the focus

will be on the second stage, materials production, because this is the life-cycle stage for

which the public databases to be examined are particularly applicable The focus will be

further narrowed to certain particular inputs and outputs The only inputs to be

considered here will be the materials that are used to make polystyrene. Outputs to be
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considered will be limited to the products that the facility is producing and the

environmental releases associated with the facility

Having narrowed the scope of the polystyrene inputs and outputs basically to the

product itself and disregarding ancillary materials, the next task is to determine data for

the LCI m the form of quantifiable amounts of toxic chemicals that are released into the

environment when polystyrene is made. These toxic chemicals are to be reported per

pound of product produced (in this case, polystyrene) To adequately collect this type of

data, the best-case scenario would be to go to a chemical plant that produced polystyrene

and have them carefully measure the throughput and all releases over a period of time

Then, one could calculate the pounds of toxics released per pound of product produced

for each toxic chemical. If one could compare these results with other similar results of

other upstream plastics that were on a same unit basis, one would be able to determine

the impact that one upstream material has on the environment as compared to another

However, there are two problems that immediately present themselves when we

try to proceed m the above manner

1) Canvassing plants with questionnaires for this type of data is expensive and

time-consuming It is desirable to use data for the LCI that is easily attainable

and affordable, such as publicly available data from government databases

and literature sources.

2) Unreported data is difficult to obtain One must find a polystyrene plant that

would be willing to provide the data outlined above In particular, the

throughput of polystyrene is information that many companies would hesitate

to divulge.
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To avoid the problems listed above of conducting a labor intensive, time-

consuming on-site facility survey, LCI practitioners turn to secondary data sources to

obtain environmental release data However, a third major problem is encountered when

data from these previously conducted LCIs is used, viz , LCI studies do not provide

speciated data on toxic chemicals Chemicals in these studies are aggregated into general

categories that cannot be used m the subsequent impact analysis performed in an LCA

Thus, It IS desirable to develop an alternate method of obtaining toxic emissions data that

provides speciated data and avoids the problems inherent in conducting an on-site facility

survey

3.2. AN ALTERNATIVE - THE PUBLIC DATA METHOD

This study in fact has discovered several publicly available sources that together

can be used for this purpose of providing speciated toxic release data, and proposes an

altemative method for generating data for upstream LCIs For the remainder of this paper

this altemative method will thus be referred to as the Public Data LCI Method for the

Materials Production Stage, or simply the Public Data Method (PDM) This study grew

out of a research project for Saturn Corporation that the author participated m on behalf

of the University of Tennessee's Center for Clean Products and Clean Technologies

(CCPCT), namely, their "Life-Cycle Design for the Automobile." This project is

described at the CCPCT s web site under the heading, "Life-Cycle Design for the

Automobile."

The University of Tennessee Center for Clean Products and Clean

Technologies received a major grant through the United States

Environmental Technology Initiative to develop cleaner designs for the
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automobile m partnership with the Saturn Corporation and the

Environmental Protection Agency. The goal of the project is to develop

an interactive design toolkit that will allow automobile designers to take

the environment into account as part of the design process The toolkit

will rely upon life-cycle assessment, which is the process of determining

the full environmental impacts of products or materials m each stage of

their life cycle (from extraction of raw materials, to manufacturing, to use,

and ultimate disposal), as well as other DfE [Design for the Environment]

tools The life-cycle design toolkit will allow designers to make

environmental tradeoffs among materials, alternative designs, and

manufacturing technologies in conjunction with existing design criteria for

cost, safety, and performance The Center is working directly with Satum

to develop the toolkit and to demonstrate it with Satum designs The life-

cycle design toolkit developed and demonstrated in the project will also be

available to other U S manufacturers The life-cycle design tool is

incorporating life-cycle impact assessment, which will include both an

environmental and occupational component, and is also incorporating total

cost assessment for the Satum plant. (CCPCT, accessed Febmary 2000)

Research involved identifying and collating data sources and data providers for

upstream materials related to an automobile life-cycle assessment, and relating toxic

releases to upstream materials production using public data
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3.3. DATA SOURCES FOR THE PUBLIC DATA METHOD

A survey of available databases to be used for upstream inventories was

conducted for CCPCT, and as a result it was determined that there are several sources

that together can be utilized in making estimates of environmental releases None of the

other data providers surveyed appeared to have used the information sources that are to

be presented in this paper for data estimation Listed below are the information sources

that are utilized in the PDM

1) Toxic Release Inventory - database of facility environmental releases

2) Chemical Guide to United States - products linked to a facility

3) Selected Literature Sources - determining inputs through the production

process

4) Chemical Marketing Reporter Chemical Profiles - computing the throughput

5) Sector Notebook - releases attributed to refineries

The following is a brief explanation of how each of these sources is used to

develop a database of information that can be used m an LCI.

3.3.1. TOXIC RELEASE INVENTORY - DATABASE OF FACILITY

ENVIRONMENTAL RELEASES

The most important database used in the PDM was actually bom out of disaster

In 1984 a Union Carbide facility that produced the pesticide methyl isocyanate leaked

onto the densely populated region of Bhopal, central India. Of the 800,000 people living

in Bhopal at the time, 2,000 died immediately, 300,000 became ill and many later died

The cause of the leak was a series of mechanical and human errors. City health officials
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had not been mforaied by Union Carbide about the toxicity of the chemicals used at the

facility No emergency plans or procedures were in place and there was no information of

how to deal with the poisonous cloud (Earthbase, accessed February 2000)

After the Bhopal tragedy the Emergency Planning and Community Right-to-

Know Act (EPCRA) was enacted to avoid a similar accident in the United States

EPCRA establishes emergency planning for communities and provides public

information on the environmental releases of all facilities of significant size This public

government database is known as the Toxic Release Inventory (TRI) TRI provides the

public with a database of information about releases and transfers of toxic chemicals

from manufacturing facilities in the United States The facilities report environmental

releases of a toxic chemical to TRI if they meet four criteria (RTK NET, accessed

November 1999a):

1) They must be a manufacturing facility

2) They must have the equivalent of 10 or more full-time workers

3) They must either manufacture or process more than 25,000 lbs. of the

chemical or use more than 10,000 lbs during the year

4) The chemical must be on the TRI list of over 600 specific toxic chemicals or

chemical categories

In the PDM, toxie release data from the TRI database are obtained for each

chemical plant or oil refinery through the web site known as RTK NET, or the Right-to-

Know Network {RTK NET, accessed November 1999b) At this web site different types

of releases and transfers are distinguished by their environmental medium, also termed

disposition
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•  Releases on-site

1) Fugitive Air

2) Stack Air

3) Water

4) Underground Injection

5) Land

•  Transfers off-site

6) To Publicly Owned Treatment Works (POTWs)

7) Other Off-site Transfers

In the PDM databases fugitive air and stack air will be combined into one

environmental medium category that will be termed "air", reducing the types of

dispositions from seven to six The TRI is updated annually and previous years are

archived.

The TRI IS the primary database source to be used m the alternate method

proposed m this paper However, a major obstacle to utilizing this database is lack of

product information for the given facility that one may be focusing on for data. In

particular, the throughput for the given product and knowledge of other products the

facility might be producing are important to know if one is going to be able to apply the

information that the RTK database freely provides
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3.3.2. CHEMICAL GUIDE TO THE UNITED STATES - PRODUCTS LINKED

TO A FACILITY

A second major source that helps solve this problem of lack of facility

information is the Chemical Guide to the United States (CGUS) This is a directory of

U S companies that lists the specific chemical(s) that is made at a particular plant

location. Finding a current source that provides this type of information was difficult

The CGUS was the newest resource uncovered even though it was dated to 1989-1990, or

ten years ago. Information from this resource is important because it is used to determine

whether all the releases at a plant that are retrieved from the RTK database can be

attributed to the production of just the chemical product in question, or if there are other

products that must be considered

If another product is being made by the facility there are two ways this second

product might be produced The first way another product might be produced is as a

byproduct of first product. The second alternative is that the facility may make another

product that is produced by an entirely different chemical reaction than the process for

the first product The secondary process may use the same feedstock as used by the first

product, or there may be other feedstocks involved. There may even be a completely

different production line for each product.

The CGUS helps to determine the number of useful products that are produced by

the facility m question Also, without actually obtaining data from the plant in question.

It IS not possible to know for a certainty the chemical inputs that go into a plant

However, by using the CGUS to find out all the product outputs, one can deduce which
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chemicals must be used to make those products and thus determine the mam chemical

inputs of the plant

3.3.3. SELECTED LITERATURE SOURCES - DETERMINING INPUTS

THROUGH THE PRODUCTION PROCESS

When estimating the chemicals used to make a product there are several literature

sources that can be reviewed to understand what chemical process is involved In some

cases there is only one predominant process in the industry used to make that product and

thus the inputs are easy to determine For this situation the inputs are estimated to be

simply the feedstocks needed for the predominant process However, there may be more

than one way that the product is produced by industry. Literature sources describing

production processes for the specific chemical disclose which process is most likely to be

used Five works on petrochemical processes were consulted to determine the product

inputs m the PDM

•  Chemicals from Petroleum (Waddams, 1980)

• From Hydrocarbons to Petrochemicals (Hatch and Matar, 1981)

•  Chemistry of Petrochemical Processes (Matar and Hatch, 1994)

•  Petrochemical Technology (List, 1986)

•  Petrochemical Technology Assessment (Rudd, et al, 1981)
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3.3.4. CHEMICAL MARKETING REPORTER - COMPUTING THE

THOUGHPUT

Knowing the amounts of environmental releases of a facility does little good if it

cannot be related to the product in question. The CGUS only reveals what products are

made at a facility, not how much of a product is made The throughput of the chemical

product (e g , polystyrene) is determined through its chemical profile from the Chemical

Marketing Reporter {OMR) that is archived at the ChemExpo web site (ChemExpo,

accessed November 1999a). This site provides a chemical profile of the given material

that includes the product capacity of a particular plant This value is used as an estimate

of the amount of product produced

Also the CMR chemical profiles provide the annual U S. demand of a chemical,

which IS assumed to approximate the annual U S production This value is useful in

calculating the percentage of a chemical that comes from crude by dividing the annual

U S demand of the chemical by the annual amount of crude used. It is important to note

that each U S demand value reported m the CMR chemical profiles includes the amount

of chemical exported to other countries, but excludes the amount imported from other

countries By not including the amount imported, the U S demand value represents the

amount produced in the United States alone Thus, the U.S demand value represents the

amount of the chemical produced only in U.S facilities

3.3.5. SECTOR NOTEBOOK - RELEASES ATTRIBUTED TO REFINERIES

With these sources TRIs released per pound of product can be calculated. However,

in considering the releases that can be attributed to the production of a pound of product,
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we have thus far only considered releases at the facility that produces this product What

one should also consider are the releases that come about during the production of the

petroleum feedstocks which are subsequently shipped from petroleum refineries to the

chemical plant that makes the product This is accomplished in the PDM by first totaling

the releases of the ten largest refineries (by capacity) for the petroleum refining industry

Determining the ten largest refineries is accomplished through the Environmental

Protection Agency (EPA) Sector Facility Indexing Project web site at the homepage

entitled, "Petroleum Refining Data" {SFIP, accessed October 1999) This web site

contains several reports on various industrial categories that are called "Sector

Notebooks" The SFIP has TRI pollutant release data for five industry sectors petroleum

refining, iron and steel production, primary smelting and refining of nonferrous metals,

pulp manufacturing, and automobile assembly Values obtained from the petroleum

refining Sector Notebook are subsequently divided by the total of the capacities for the

ten refineries to obtain the pounds of release per pound of crude Thus for petroleum-

based chemicals, an estimate of the TRI releases is made by adding the releases attributed

to the refineries and the releases attributed to the chemical plant which produces the

product in question

3.4. THE PDM USED IN A TYPICAL LCA

In order to understand how the PDM can be used to estimate toxic releases in the

production of petrochemicals for the materials production stage of an LCI, an automobile

LCA will be used as an example It is important to keep in mind that the data for the

petrochemical databases can be applied to the LCAs of other products besides an

27



automobile. Since these estimates are for the upstream materials production stage and do

not include inputs and outputs of later stages that are specific to the production of an

automobile, the data can be used m any upstream LCI that lists these five petrochemicals

Figure 1 shows a schematic representation the life-cycle of an automobile

(Keoleian, et al, 1997). This diagram divides the life-cycle into four broad stages, and

illustrates the many facets of the LCA of an automobile that are typically evaluated m an

LCI. The Materials Production stage contains the chemicals of that may be used m the

PDM. The materials listed m this stage comprise the general categories of materials that

make the upstream inventory of an LCI. From the diagram one can see why they are

termed "upstream" materials, because the subsequent columns describe manufactured

components that are made from the upstream materials.

Table 2, lists several of the upstream materials that are typieally used m the

manufacture and use of an automobile Almost all of the organics listed are primarily

derived from the feedstocks of petroleum From these upstream materials, five

petroehemicals will be singled out for the this study

•  Polystyrene (PS)

• High-Density Polyethylene (HDPE)

•  Poly vinyl Chloride (PVC)

•  Polyearbonate (PC)

•  Ethylene Glycol
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Table 2. Some Upstream Materials of an Automobile LCI

ORGANICS

1  ACRYLIC

2 ACRYLONITRILE (used m blends; eg , acrylonitrile-butadiene-styrene, ABS)

3. BUTADIENE (used m polymer blends such as ABS)
4. FLUIDS:
A. GASOLINE
B. BRAKE FLUID
C ENGINE OIL
D AUTOMATIC TRANSMISSION FLUID
E ETHYLENE GLYCOL (antifreeze coolant)
F. METHANOL (windshield washer fluid)
G AIR CONDITIONER FLUID

5 HDPE (high-density polyethylene)

6. NYLONS

7 POLYCARBONATE (PC)

8  POLYPROPYLENE (PP)

9  POLYESTERS

10 POLYSTYRENE (used m polymer blends)

11 POLYURETHANES

12 POLYVINYL CHLORIDE (PVC)

13 RUBBER (typically SBR, or styrene-butadiene rubber - used to make tires)

14 STYRENE (used in polymer blends)

INORGANICS

15 ALUMINUM

16 COPPER

17 GLASS

18 IRON

19 H2SO4 (battery)
20 LEAD (battery)

21 MAGNESIUM

22 STEEL

23 ZINC

(Source adapted from Saturn Corporation personal communication with Rajive
Dhingra, University of Tennessee, 1998)
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Table 3 (AAMA, 1994) illustrates where these petrochemicals would fit into an

automobile LCI This table lists the material composition of an automobile by weight,

obtained from the American Automobile Manufacturers Association (AAMA) Notice

that plastics and plastic composites comprise 8% of the car, or 246 lbs The ethylene

glycol IS the antifreeze used by the automobile. It falls within the fluids and lubricants

category, which is 6% of the automobile However, this amount is deceptive since this is

a fluid that is replaced a number of times during the life of the vehicle, thus increasing its

amount and impact over the life of the car Notice that the largest percentage of the

automobile by weight is m some form of steel or iron. Although the PDM as developed

m this paper applies only to petroleum-based materials, note iron and steel is another

category of upstream materials that a PDM database could be used for This is because

there is a sector notebook on the iron & steel industry that would make it possible to

attribute releases to iron and steel mills

Figures 2 and 3 show general derivatives of ethylene and benzene Note that

Polyethylene (HDPE and low-density polyethylene (LDPE)), PVC, and ethylene glycol

are all derivatives of ethylene Derivatives of benzene include polycarbonate and

polystyrene Actually, polystyrene is derived from both ethylene and benzene, as will be

seen in more detail later m the paper Ethylene and Benzene are the two primary

feedstocks of petroleum from which these five petrochemicals are derived.

Tables AI through A5 m Appendix A show the five petrochemical databases

generated using the PDM Due to the large size of each database m the number of

columns and rows, each table is anywhere from 12 to 16 pages long. The page order of

each table is down, then over In the automobile LCI example, four of these chemicals
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Table 3. Estimated Average Matenal Composition (lbs)
for a 1994 U S.-Built Car

MATERIAL 1994

Conventional Steel (includes cold

rolled and precoated) 1389

High-strength Steel 263

Stainless Steel 45

Other Steels 43

Iron 408

Alummmr 182

Rubber 134

Plastics and Plastic Composites 246

Glass 89

Copper and Brass 42

Zinc Die Castmgs 16

Powder Metal Parts 27

Pluids and Lubncanti

o
o^

Other Materials 99

TOTAL 3171

Note total differs from sum of column because of roundmg

(Source: AAMA Motor Vehicle Facts and Figures, 1994
Detroit: American Automobile Manufacturers Association)
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Ethylene
dichloride
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Figure 2. Ethylene Denvatives

(Source. Petrochemical Technology, by H L List, 1986
Englewood Cliffs, New Jersey Prentice-Hall)
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are plastics that are manufactured into parts for the automobile; whereas, ethylene glycol

IS a fluid that is primarily utilized m the "Use" stage of an automobile, as described

earlier m the seven stages of the EDIP LCI method However, these PDM databases

could be used to estimate toxic releases m any LCI that has any of these five

petrochemicals m its upstream inventory.

3.5. CREATION OF THE POLYSTYRENE DATABASE USING THE PDM

To better understand the PDM, the database for polystyrene will be examined in

table A1 The columns of data are divided into three major sections TRI contribution

from refining of petroleum, TRI contribution from the polystyrene chemical plant, and

the total of TRI releases.

3.5.1. TRI CONTRIBUTION FROM REFINING OF PETROLEUM

In the first column of this table one finds a list of fifty-nme chemicals The

number of chemicals is so great that this column extends for four pages These are the

toxic chemicals that were reported by the ten largest refineries (by capacity) in the U S

petroleum industry to the Toxic Release Inventory and retrieved from the RTK NET web

site.

The second column shows the dispositions of the releases for each toxic chemical.

For example, ammonia has releases reported m five of the six environmental mediums

(dispositions) discussed earlier, viz , air, water, underground, land, POTW transfer, and

off-site transfer
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The remaining columns on the first page of Table A1 represent releases from the

ten largest refineries in the petroleum industry (by capacity) Information indicating the

ten largest facilities by capacity for the petroleum refining industry comes from the SFIP

web site {SFIP, accessed October 1999). The TRI release data for each facility comes

from the Right-to-Know Network environmental database for facility TRIs {RTK NET,

accessed November 1999b)

Although emissions data were available for all U.S. refineries, only the ten largest

refineries were used because it was noticed that many of the smaller refineries did not

report releases adequately, with some apparently shut down or not running at full

capacity

In order to follow along m the table more easily, observe the first row of data that

represents the air releases for ammonia Notice that on the fifth page of Table A1 the air

releases of ammonia are totaled for the ten refineries to give 746,277 Ibs/yr The next

column calculates the pounds of chemical released per bbl of crude m.

X lbs of TRI chemical / yr lbs of TRI chenucal

(365 days / yr) (3,689,000 bbls of cmde in / day) (0.8600) bbl of crude m

The 3,689,000 barrels of crude in/day value shown above is the total refining

capacity for the ten refineries. The individual refining capacities are shown in Table 4 for

each of the ten largest facilities along with the facility names, locations and TRI

identification numbers for each facility
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In general, a facility normally does not run at full capacity. This is why the

capacity in the equation above is multiplied by a factor to give the actual throughput

The 0 8600 (or 86%) value is the refining capacity factor that represents percentage of

capacity at which the refinery is actually operating. Table 5 shows the data used in the

calculation of this average refining capacity factor It was calculated by taking each

yearly U S. refinery throughput divided by each yearly U S refining capacity for the

years 1987-1993, and averaging the values {International Petroleum Encyclopedia,

1995) These were the only years that U S refinery throughput and capacity values were

both available in the source that was used, and were thus used to estimate the rate at

which the ten refineries were actually operating The throughput values were reported m

the literature as "calendar days", and the capacity values were reported as just "days " It

was assumed that these terms each referred to a 365-day year

Table 5 Calculation of Refining Capacity Factor

Year

''Refinery Throughput
(barrels/calendar day)

"Refining Capacity
(barrels/day)

Capacity Factor

(throughput/capacity)

1987 12,855,000 15,258,000 0.8425

1988 13,245,000 15,288,000 0 8664

1989 13,400,000 15,557,000 0 8613

1990 13,410,000 16,244,000 0.8255

1991 13,300,000 15,559,000 0.8548

1992 13,410,000 15,327,000 0 8749

1993 13,610,000 15,210,000 0 8948

Average Refining Capacity Factor—> 0 8600

("Source adapted from International Petroleum Encyclopedia, 1995 Tulsa, OK Pennwell Publishing Co)
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The next column with the heading "TRI lbs/lb of crude in" simply converts the
barrels of crude to pounds of crude. The conversion factor was calculated using the
density of crude

42US gal

bbl of crude m

^3.785 X10^ cm^ Y0 8692 g crude m ̂

A  sal I cm' ^
lb

454 g

304 lb crude in

bblcrude in

The density of the crude was the average of nine crude oils from the United States

and seven crude oils from other countries As seen in Table 6, this resulted in an average

gravity of 31 7 ° API (American Petroleum Institute), or equivalent specific gravity of

0 8692 {Chemical and Process Technology Encyclopedia, 1974) Conversion to specific

gravity was accomplished using the relation,

'API =
^  144^5 ^
^specificgravity @ 60/60^

•131 5

International crudes were averaged together along with domestic samples of crude as an

estimate because according to the EIA (Energy Information Administration) 53% of the

crude processed at U S refineries in 1996 was imported (EIA, June 1997)

On the basis of 304 lbs crude in/bbl crude in, the ten refineries processed a total of

352 billion Ibs/yr of crude for the year 1996, at 86% capacity.

(3,689,000 bbls crude m/day) (0.86) (304 Ibs/bbl crude) (365 days/yr) = ^
yr

The total amount of crude processed by U.S. refineries m 1996 was 14 195

million barrels per day, or 1.575 trillion pounds per year (EIA, June 1997) Table 4

shows the percentage of total U.S. crude m that was processed by each refinery, ranging
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Table 6. Calcu]ation of Average Density of Crude

Location^ Gravity^ (degrees API) Specific Gravity

McComb, MS 40.7 0.8217

SW Texas 36 5 0.8423

East Texas 39.1 0.8294

Wyoming 17 9 0.9471

New Mexico 37.5 0.8373

N Kenai Peninsula, Alaska 25.9 0.8990

San Ardo, California 13 3 0.9772

Ospelousas, LA 38.2 0 8338

Velma, OK 29 1 0.8811

Arabian 30.0 0 8762

Minas, Central Sumatra 35 3 0 8483

Putomayo, Columbia 35.0 0 8498

Gulf Nigeria 34.7 0.8514

Zulia, Venezuela 25.2 0 9030

Iran 36.6 0.8418

Kuwait 31.5 0 8681

Average: 31.7 0.8692

(^Source: adapted from Chemical and Process Technology Encyclopedia,
1974. New York: McGraw-Hill Book Co.)
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from 1 8% to 3.0% The ten largest refineries processed a total of 22 3% of all the crude

used by U S refineries.

Now that the pounds of toxic chemical per pound of crude has been determined,

the next step is to compute the amount of the toxic released from the refineries (e.g ,

ammonia) that is attributed to the making of polystyrene This is accomplished by

deciding on the most common or probable process for which the polystyrene is produced

and using it as a guide to estimate the amount of toxic release attributed to the refining

production process per pound of product (in this case, polystyrene). After consulting the

selected literature sources mentioned in Section 3 3 3 and Section 3 3.4, it was decided

that the schematic flowchart of the chemicals derived from crude shown m figure 4 was a

good representation of how polystyrene is made

Looking once again at Table Al, m the next column it is estimated that 3.07% of

crude from refineries is used to produced ethylene. This estimate was made by taking the

total U S ethylene demand m 1996 (ChemExpo, accessed November 1999b) and dividing

It by the total amount of crude processed by U S. refineries m 1996 (EIA, June 1997)

^ 48,400,000,000 Ibs/yr ethylene ̂
X100 = 3.07%

1,575,000,000,000 lbs crude/yr.

This gives an approximation of the how much of the crude that goes into a refinery

actually ends up as ethylene feedstock.

The next column m Table Al entitled "7% of ethylene to ethylbenzene,"

multiplies the ammonia value by 7% for the amount of ethylene that goes to

ethylbenzene This value was stated in the OMR chemical profile of ethylene

{ChemExpo, accessed November 1999b)
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3 07%

Crude

C0 88%

Ethylene

7%

Ethylbenzene

Benzene

53%

Ethylebenzene

Ethylbenzene

99%

Styrene

62%

Polystyrene

Figure 4 Polystyrene Schematic Diagram
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The next two columns calculate the percentage of toxie that is released due to the

production of ethylbenzene from the feedstock benzene Looking at Table A1 again, in

the next column it is estimated that 0 88% of crude from refineries is used to produced

benzene. This estimate was made by taking the total U S. benzene demand in 1996

(ChemExpo, accessed November 1999c) and dividing it by the total amount of crude

processed by U S refineries m 1996 (EIA, June 1997)-

^(l,900,000gal/yrbenzene)/(7 314lbs benzene/gallon)")
X100 — 0 88%^  1,575,000,000,000 lbs crude/yr J

The density of benzene (0 8765 kg/1 or 7.314 lb/gal) was used to convert gallons to

pounds {CRC Handbook of Chemistry and Physics, 1980).

The next column m Table A1 entitled "53% of benzene to ethylbenzene,"

multiplies the ammonia value by 0 53 for the amount of benzene that goes to

ethylbenzene This value was stated in the CMR chemical profile of benzene

{ChemExpo, accessed November 1999c).

Now that the amounts for ethylene and benzene have been estimated, they are

added together in the final column in Table A1 for that page The ethylene stream

represents 32% and the benzene stream 68% of the total ethylbenzene contribution In

order to continue to the next column for the air releases of ammonia, one must now turn

ahead four pages in Table Al. The next column for consideration calculates 99% of

ethylbenzene to styrene and is so titled {ChemExpo, accessed November 1999d). The

following column computes 62% of styrene to polystyrene. This percentage was

obtained from the CMR chemical profile of styrene {ChemExpo, accessed November

1999e)
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Finally, in the next column the TRI lbs/ lb of polystyrene is computed. First, a

conversion factor was calculated and used in the spreadsheet'

1,575,000,000,000 Ibs/yr crude in _ 258.2 Ibs/yr crude in

6,100,000,000 lbs polystyrene lb polystyrene

The 1 575 trillion lbs value is the total amount of crude processed in the United

States, and the 6.1 billion lbs value is the 1996 U S polystyrene demand that came from

the CMR chemical profile on polystyrene {ChemExpo, accessed November 1999f). As

stated earlier m Section 3.3 4, this value includes the amount of polystyrene made in the

United States and exported to other countries, but does not include polystyrene imported

from other countries and used m the United States The 1996 U S. polystyrene demand

value IS thus assumed to approximate the amount of polystyrene produced in the United

States in 1996.

Now that the conversion factor from crude to polystyrene has been calculated,

TRI lbs/ lb of polystyrene is computed

X lbs of TRI chemical

Ib/yr crude m

V

A

258.2 Ibs/yr crude m

lb polystyrene

lbs of TRI chemical

lb polystyrene

3.5.2. TRI CONTRIBUTION FROM THE POLYSTYRENE CHEMICAL PLANT

Note that the value calculated in this last column only represents the amount of

toxic release attributed to the refineries In other words, the values calculated in this

column are the amounts of toxic releases from the refineries that can be traced to

polystyrene All the calculations up to this point give us a value that represents the

amount of toxic releases per pound of polystyrene that are released from the refineries.
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However, it is important to consider the releases that are attributed to the making of the

polystyrene m the polystyrene facility that uses the petrochemical feedstocks from the

refineries As seen m Table 7, the refining industry represents 3% of all the releases by

industry, whereas, the chemicals industry is 33% and the plastics industry is 5%. This

implies that releases from facilities subsequent to the refineries should be included in the

LCI

When considering the petrochemicals that go m to making polystyrene it is

assumed that there is only one facility that takes the petrochemicals and produces

polystyrene With the PDM, one only knows what a facility produces and has no idea

about what inputs are going into the plant Thus a major assumption is made In tracing

the derivation of a target petrochemical such as polystyrene it is assumed that all the

feedstocks are made at the refineries and that all subsequent chemicals derived from the

feedstocks are made at one facility that produces the target chemical The shortfall of this

assumption is that if a chemical has an intermediate facility that is unaccounted for, then

related toxic releases will be unaccounted for. The Public Data Method assumes that

there is only one facility beyond the refineries Thus, the PDM will consider the releases

attributed to the oil refineries, and add these to the TRI contributions from a polystyrene

chemical plant

In order to compute the TRI contribution from the polystyrene chemical facility,

one must first identify a facility that produces polystyrene. This is accomplished by first

consulting the CGUS For polystyrene, it was determined that the Huntsman facility m

Chesapeake, Virginia, was listed as producing only one product, polystyrene This is

desirable, because if a facility produces other products, then only a portion of the TRI
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releases are linked to the polystyrene, and deterrmnation of the exact fraction would

prove difficult

Now that a facility has been identified, its capacity must now be detemuned This

IS accomplished by referring once again to the ChemExpo profile on polystyrene

(ChemExpo, accessed November 1999f), which has a listing of all the major facilities

making polystyrene An example of this listing can be seen m figure B1. Turning to

Table A1 once more, note that the facility capacity is listed as 450,000,000 Ibs/yr

Next, the toxic releases were looked up on the RTK NET web site and entered into

the column entitled, "annual TRI releases from facility producing polystyrene " Note that

the first chemical listed is antimony compounds, which has 800 pounds of off-site

transfer releases listed Most chemical facilities exanuned m this study reported far fewer

chemical releases than the refinery facilities. This may in part be due to the size and

complexity of a refinery as compared to the more specialized cheimcal facilities This

polystyrene plant only reported releases on six different chemicals, thirteen values total

when considering the dispositions

In order to look up the facility on the RTK NET web site, one first needs the TRI

Facility ID that can then be used on the RTK NET site to access the data for that particular

facility The TRI facility ID is determined by entering the name of the facility into the

Toxic Releases Query Form web site (EPA Envirofacts Warehouse, accessed November

1999).

When using the RTK NET web site there are several fields for information to be

entered, as seen in figure 5 There are only three fields that need to be addressed to

retrieve the desired information on the chemical facility of interest. The first
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mwi
r Abo^ the Data

IflbotrtRTKNFT

.; Resources

TRI Search

llU!

Fill m Che form below to specify the facility that you want You must fill
in either a facility name (you can use * as a wildcard) or a facility ID

ft Submit Queiv-Y Clear Query

Facility

City

State

Year

ALL - Enhre U S

1997

TRI

Facility

ro

Leyel of [g syrnmory (list of hits) .-^j
Detail

Sort

Order

Output

liES

! (leaye

O  Default order

TText

blank if not known)

3

Select SUBMIT QUERY aboye to receive your search results If you prefer to wait for email delivery,
also enter

Email Address

Email Subject.

Figure 5 Copy of TRI Facility Search Fields at RTK NET Web Site

(Source RTK NET, accessed November 1999b Available from
TRI Search, <http //www rtk net/tninputfacility html>)
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field to consider is the "year " Since this study was done for a base year of 1996, the year

"1996" was entered for polystyrene and the other chemical facilities of this study Next,

the Facility ID is entered. Finally is the field entitled, "level of detail " The four choices

in this field to choose from are summary, low, medium, and high "Summary" and "low"

do not differentiate between the dispositions of the releases, and "high" has so much

information on the chemicals that it is difficult to group the disposition data values

together The "medium" level of detail succinctly lists the dispositions of each chemical

release together and thus was found to be the best level of detail for listing the toxic

releases of the facility. Thus, entering the appropriate information in these three fields

results m the listing of toxics released from the facility in question.

Back again to Table Al, the next column is entitled, "TRI lbs per lb of

polystyrene " This value is calculated by dividing the TRI chemical amount by the

facility capacity and also by the facility capacity factor

X Ibs/yr TRI chemical _ lbs TRI chemical

(450,000,000 Ibs/yr polystyrene) (0 8616) lb polystyrene

The 0.8616 (or ~ 86%) value is the facility capacity factor that represents the

percentage of capacity at which the facility is actually operating As seen in Table B1,

the facility capacity factor was calculated by taking each annual U S demand value

(considered to approximate the throughput) for 141 different chemicals, dividing by each

annual U S capacity for 141 different chemicals, and averaging the values (ChemExpo,

accessed November 1999a).

Notice in Table B1 that the capacity factor for polystyrene was 0 8401. This

value represents the capacity factor for all the U.S. polystyrene plants and could have
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been used as the capacity factor instead of the average for the whole chemical industry.

However, the chemical industry average capacity factor was used for two reasons. First,
I

the polystyrene value is only for the year 1997, whereas, the chemical industry value

spans four years. This spread is desirable because m only one year the market demand

may have been up or down or several plants may have been shut down, thus skewing the

data. The second reason is that the polystyrene value is only based on 31 facilities as

compared to the several thousand facilities that the chemical industry value is based on.

3.5.3. TOTAL OF TRI RELEASES

The final column of the polystyrene spreadsheet adds the pounds of TRI chemical

per pound of polystyrene attributed to the oil refineries to the pounds of TRI chemical per

pound of polystyrene attributed to the polystyrene chemical facility. This column of data

represents the PDM estimation of the amounts of toxic chemicals released when one

pound of polystyrene is made. Note down at the bottom row of Table A1 that there are

the total releases and transfers that are the sum of each column. The final column has a

total of 0 00016 pounds total TRI releases/pound polystyrene
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CHAPTER 4

ANALYSIS OF DATABASES

Having become familiar with the steps to generate the polystyrene PDM database,

attention is now turned to the data itself for all five databases. First, it is beneficial to

exaimne the data for the ten largest refineries as compared to the industry as a whole. In

Figure 6, the fifteen largest amounts of TRI releases for the refinery industry {API,

accessed October 21, 1998) are compared to the totals for the ten largest refineries

examined in this study. As mentioned earlier, the ten largest refineries processed 22.3%

of all crude used by U S refineries. The percentage that a given chemical released when

compared to the given chemical's industry value ranges from 14% to 67%, with the ten

largest refineries on average releasing 31% as much as the industry as a whole for these

fifteen chemicals The overall trend observed in Figure 6 implies that the ten refineries

chosen give approximate representation of the TRI releases of a U.S. refinery.

In API's 6'^ Annual Petroleum Industry Environmental Performance Report {API,

accessed October 21, 1998) it was stated that of the 118 chemicals in the TRI that are

considered carcinogens, fifteen were released by refineries. Of these, the ten greatest

refinery releases of TRI carcinogens for the industry in 1996 were compared m Figure 7

with the corresponding values totaled from the ten largest refineries examined in the

PDM.
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The TRI carcinogen values for the industry were obtained from the SFIP

spreadsheet that lists the total releases and transfers for each reporting refinery in the

Umted States in 1996 (SFIP, accessed October 1999) The corresponding values totaled

for the ten largest refineries were obtained from the PDM database.

Note that there are no asbestos values reported. Although the API report listed

asbestos as the ninth largest carcinogen released by the petroleum refining industry,

neither the SFIP spreadsheet nor the TRI database used m the PDM reported asbestos

releases These values apparently are not reported to the TRI, but rather reported in

another manner that was not determined in this study

The remaining nine chemicals in Figure 8 are consistent with amounts expected

considering the percentage of the industry that the ten refineries represent. The

speciation of these carcinogens by the PDM is important for subsequent health impact

analyses performed in LCAs.

The approximate representation of the U S. refinery industry by the ten largest

refineries is further confirmed by comparing the disposition totals for all refineries (API,

accessed October 21, 1998) with the totals for the ten largest refineries, as seen in Figure

8 One would expect that the values for the ten largest refineries would proportionately

resemble the national values and this is indeed the case Note that only five of the six

dispositions are shown in the pie charts. This is because that the sixth medium, POTW

off-site transfer, was less than one percent for the total of the ten largest refineries and for

the nation's refineries as a whole. It is also of interest that the predominant release for

refineries m 1996 by environmental medium was air The air releases totaled 70% for the

ten largest refineries
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In looking at each individual facility chosen for the five databases, the second

column of Table 8 shows the number of TRI chemicals reported by each chemical

facility Ethylene glycol has the most chemicals by far with 24 reported. It is interesting

to note that of the five chemical facilities chosen, the Chemical Guide to the United

States indicated that ethylene glycol had six coproducts and the HDPE plant had one co-

product (LDPE). Also, the polycarbonate facility reported the product as "polycarbonate

resins", which may mean that significant additives or blends are used The values in

column three show these three chemicals, ethylene glycol, HDPE, and polycarbonate,

with the highest values This illustrates the importance of making allowances for co-

products In the databases reported m this study, co-product allocation was not applied to

the data However, this could be accomplished by determining the capacities for the

coproducts found m the CMR reports, and then estimating the percentage of releases that

should be allocated to the target product.

Tables Total Releases and Transfers for the Five Databases

TRI lbs/lb

Number of TRI lbs/lb product.
TRI TRI lbs/lb product, attributed to

chemicals product, attributed to refineries &

Chemical reported by attributed to chemical chemical

Database facility refineries facility facility

Polystyrene 6 7 8642E-05 8 2859E-05 1 6150E-04

HDPE 7 7.0503E-05 5 3735E-03 5 4440E-03

PVC 4 3 9757E-05 2 5172E-04 2 9148E-04

Polycarbonate 11 5.2969E-05 3 6895E-03 3 7425E-03

Ethylene Glycol 24 44173E-05 2 8912E-02 2 8956E-02
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Looking again at Table 8, it is observed that the third column of data represents

the TRI releases attributed to the ten largest refineries for each of the five target chemical

products Of note is the fact that all five values are on the same order of magnitude. The

fourth column shows the totals attributed to the releases reported by the one product

facility chosen The fifth column totals columns three and four for the total releases of

the products Some facility values vary significantly from the refinery values, but m

genera] it can be concluded that the releases attributed to the refineries and the releases

attributed to the facilities have the potential to be of the same order of magnitude (as is

the case with the polystyrene values shown in Table 8). Thus, neither the refinery value

nor the facility value can be neglected in calculations
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CHAPTER 5

COMPARISON TO OTHER DATA SOURCES

Now that the results generated by the PDM have been examined, it is of interest to

see how the PDM data compares with other studies Table 9 shows the gross air

emissions associated with the production of polystyrene (HIPS) from the commonly

known LCI data source, referred to simply as "APME," or the Association of Plastic

Manufacturers m Europe (APME, 1997) Note that there are five stages listed The

process stage is mostly analogous to the materials production stage covered by the PDM.

It IS of special interest to observe that the chemicals are aggregated into broad categories

such as "metals" or "aromatic HCs " As stated earlier, there are at least 59 chemicals

listed in each of the PDM databases. Table 9 illustrates how most data sources tend to

aggregate the raw data into these vague categories

In Table 10, specific chemical values generated by the PDM are compared with

values found m other data sources. The first two chemicals listed, CO and CO2 for air

emissions for polystyrene, are listed in order to compare the consistency between the

LCIs As seen, there is a wide variance This may be due to the boundaries of the stages

for which the data is reported

The remaining chemicals are listed so that the results of the PDM can be

compared with the other LCIs The APME data source value (APME, 1997) is two

orders of magnitude greater than the PDM value for polycyclic aromatic compounds for

air emissions for polystyrene This may be due to additional chemicals that may be
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included in the more inclusive "polycyclic compounds" chemical category used by

APME

The next data source is the CSG/Tellus Packaging Study, which is a study that

examines the production and disposal of packaging (CSG/Tellus Packaging Study, 1992)

Comparing with the CSG/Tellus data source, the PDM values of the five chemicals listed

are anywhere from one to three orders of magnitude less than the CSG/Tellus values.

This gap in values is also seen in the comparison of the two chemicals found m data

source A, Chlorine and Lead Due to a proprietary agreement that the University of

Tennessee's CCPCT has with the data source, data source A is not identified Note that

data source A provides values not only for polystyrene, but also HDPE and ethylene

glycol This provides the opportunity to observe any variations m values when the

product IS different The lead values are nearly the same between the different products,

but the chlorine values for data source A show significant variance between products.

The data source IDEMAT (IDEMAT, 1995) contained some values from its

polycarbonate database that could be compared to the PDM values Benzene and toluene

compared very favorably with the values for IDEMAT However there was considerable

difference between the phenol values (a water emission)

What Table 10 illustrates is that even among established LCIs there can be a wide

variance m data This is due to the different boundaries used m the stages of a data

source For example. Table 10 lists the stages of the data sources The boundary of a

given stage may be quite specific and only include the production of the chemicals that

go into making a product, but another study might include the emissions related to

extraction, transport, or machining of the product
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The wide variance in the data of Table 10 might also be caused by how the

chemicals are grouped together. In Table 10 one observes two different descriptions for

the lead category, "lead," and "lead compounds." The latter category implies that

compounds of lead are included, whereas as it is uncertain whether the "lead" category is

inclusive of such compounds or not

In the comparison of the toxic emissions data generated through the PDM with

other data sources, it must be kept in mind that the goal of the PDM is only to provide

data that is related to toxic releases emitted in the production of the product m question

The narrow focus upon this type data comes about primarily due to the aggregation of

data in many life-cycle inventories available today, which results in data that does not

show the specific chemicals desired for impact analyses. However, there are several

standards for comparison (or criteria) that must be considered

As an example. Table 11 illustrates criteria considered in choosing a data source

for a life-cycle inventory In addition to the PDM, this table includes several data sources

that were considered for an LCA on computer displays being developed at the University

of Tennessee's Center for Clean Products and Clean Technologies (Lasher and Socolof,

July 12, 1999). Nine different data sources (not including PDM) were evaluated for the

Computer Display Project, or CDP. The descriptions described below provide an

example of some of the data sources available when one is preparing an LCI (Lasher and

Socolof, July 12, 1999)

• American Plastics Council (APC)

The APC IS a major trade association for the U.S plastics industry APC

IS comprised of 24 of the leading plastics manufacturers m the United
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States with many members having a strong global market presence

APC's membership represents 80% of the U S resin production capacity.

• Association of Plastics Manufacturers in Europe (APME)

APME IS an industry body that has published inventory data on olefms,

polystyrene (PS), PE, PP, PVC, PET and polymethanes, as well as ABS,

Plexiglas, polycarbonate, polyester, and polyimlde.

•  Boustead

Dr Ian Boustead is a well known LCA practitioner who developed

the Boustead model and database that allows users to produce LCI's of

complete systems Boustead's focus areas are aerosols, automotive

products, beverage containers, building materials, and the plastics

industry The organization is based in the United Kingdom

•  BUWAL

BUWAL IS the Swiss Agency for the Environment, Forests and

Landscape They have several published reports on LCAs.

•  Environmental Information and Management Explorer (EIME)

This software design tool was developed by the Ecobilan group in

conjunction with IBM, Alcatel, Legrand, Schneider, and Thompson

Ecobilan was founded in 1990 and has offices in Europe and in the United

States. Version 1.4 of EIME has been released and the embedded

database contains 170 modules on the most commonly used materials and

subcomponents of the electronic and electric industry
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•  Industrial DEsign MATerials (IDEMAT)

Dr JAM. Remmerswaal and J Rombouts of the Delft University of

Technology's Section for Environmental Product Development produced

this software with a database of LCI data for various industrial materials.

• New Jersey Institute of Technology (NJIT) Report

NJIT's "Lifecycle Assessment of Television CRTs," report is not a

database of upstream inventory data per se; however, it is a preliminary

LCA that includes LCI data for a CRT and therefore it was considered for

use

•  Personal Computer Ecolabel Report

This study was developed by Atlantic Consulting and IPU (Institute for

Product Development of the Technical University of Denmark) for the

Ecolabel Unit of the European Commission The purpose of the report

was to study personal computers so that an ecolabel could possibly be

established Similar to the NJIT report, this is an LCA with inventory data

applicable to the CDP, but it is not a traditional database of upstream

inventory data

• United States Automotive Materials Partnership (USAMP)

Formed m June 1993, this partnership set out to conduct vehicle-oriented

research and development m materials and materials processing to

improve the competitiveness of the U S auto industry. The USAMP is

conducting joint research to further the development of lightweight

materials for improved automotive fuel economy. The major technology
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groups being studied are polymer composites, light metals (including

aluminum, magnesium, etc ), engineered plastics, cast iron, steel and

ceramics. The aluminum, plastics, steel and automotive industries are

participating m a collaborative LCI project to produce a quantitative

database of information regarding all the resources used to make, operate

and dispose of a generic 3200-pound vehicle.

It IS observed that some sources are a consortium of several companies, some are

governmental agencies or reports, some are individuals, while other sources are

associations of an industry.

In Table 11 there are several criteria listed that are important factors m

determining the usefulness of a data source for an LCI. Below is a description of each of

the criterion considered in choosing one of these data sources (Lasher and Socolof, July

12, 1999)

1. Geographic boundaries - Describes whether the data are representative of

Europe and/or the United States, or another country Where the product is

made determines which country is preferred.

2. Origin of data — Describes whether or not the data originate from primary or

secondary sources. Primary sources are normally preferred

3. Currency of data - This refers to the dates that represent the actual inventory

data More recent data are preferred. If the date of the inventory data is not

known, the date the database was released was considered

4. Public availability - Data are categorized as either public or private

Publicly available data is not necessarily free
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5. Cost - Cost IS an important factor for determining which upstream data

should be obtained.

6. Upstream life-cycle stages - Which upstream life-cycle stages are included

from each data source are identified, if possible. In some cases, the databases

or reports address more than only upstream stages and other stages included

are noted under this criterion

7. Aggregation of data - This describes whether or not the data from the

various life-cycle stages are aggregated into one set of inventory numbers or

how the data are aggregated. With less aggregation, an LCA will better be

able to predict impacts particular to a specific life-cycle stage Therefore, less

aggregation is preferred For some of the reports considered in this analysis,

processes may also be aggregated for an entire product or component and

therefore it is difficult to separate out the inventory for one particular material.

The advantage of material-specific LCI databases is that the data are not

aggregated into a larger component or product

8. Input/output categories - This lists which categories of inputs and outputs

are included in the database or report (e g , non-renewable resources, fuel and

energy inputs, water use, air emissions, water effluents, solid/hazardous

wastes) Ideally, the input and output categories would match those defined

for the LCA that will be used to calculate the impacts Also of interest is

whether the outputs within each category are chemical specific The more

speciated the chemicals, the more desirable the data. In some cases, chemical
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groups or categories of chemicals are provided The CDP methodology

required chemical-speciated data to calculate most impacts

9. Data quality indicators - If the data source provides an indication of its data

quality, this will be an aid to determine the data quality for the LCA.

Note that of these nine catena the PDM holds the advantage of having cunency

of data, public availability, a reasonable cost, and less aggregation of data.

Looking at these four criteria in more detail, the advantage of using the Toxic

Release Inventory m the PDM to obtain emissions data is that the database is updated

annually and thus provides cunent data

Also, the PDM uses publicly available data. Public data sometimes comes at a

cost, but m the case of the Public Data Method, it is based on the government TRI

database, which is free

In regard to cost, if the database is already set up with data from the ten largest

refineries and the LCI practitioner is familiar with the steps to developing the PDM, it is

conservatively estimated that the cost in man-hours for developing a database for one

petrochemical (researching reaction steps, related chemical facility and developing the

database) would be about 16 hours of work. As one would become familiar with using

the PDM, It would take less time to prepare databases and the cost would go down even

more

The alternative to using the PDM would be to make a plant trip to a facility or

facilities in question and gather the data It is difficult to estimate this cost in man-hours

A facility that makes the product that one is interested in will typically not even be

nearby or willing to divulge information A facility may have to be outfitted with special
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monitoring devices, increasing man-hours, too. There is also the cost incurred in taking

up the time of the employees of the facility Say that six employees from the facility

have to spend 20 hours of work each, and that the LCI practitioner spends a total of one

week, then the cost in man-hours would be 160 man-hours

The final advantageous criterion that the PDM has is less aggregation of data

Less aggregation of data implies more speciation of the individual chemicals, therefore

allowing one to better predict impacts particular to a specific life-cycle stage

Table 12 shows the preferred criteria for upstream data sources of toxic releases.

The PDM clearly holds more advantages than the other eight data sources. The key

criterion is speciated data. The only other data source listed that can provide the degree

of speciation as the PDM is the time consuming and expensive method of surveying a

facility representative of the target product. Table 12 also illustrates the unique

advantage that the PDM has of being able to choose the specific year for the data In

addition, not many of the other data sources contain a database that is active and updated

regularly.
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CHAPTER 6

SUMMARY AND CONCLUSIONS

To summarize, advantages to using the PDM are:

•  Generates speciated data for toxic chemicals This data can then be used in

environmental and health impact studies.

•  Less aggregation There are hardly any LCIs that list the toxic releases

separately and in the speciated detail that the PDM provides

•  It takes less time than conventional methods of obtaining toxic release

information

•  Less cost m man-hours due to public availability of data and the amount of

time It takes to make the database.

•  The database is made up of current data and can even target a specific year of

data

•  The database is active and is updated regularly

However there are certain limitations to the PDM Disadvantages of the Public

Data Method can be summarized as

• Data is secondary rather than primary

•  PDM is based on U S data only

•  The only viable application of the PDM is to generate speciated data on toxic

chemicals. The PDM only generates data on toxic emissions that is
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normalized per pound of product Data on other inputs and outputs is not

possible with this method

•  PDM does not include the toxic eimssions related to energy, transport and

extraction stages

• Data attributed to the chemical plant is based on only one facility

•  PDM assumes no co-product allocation m the facility chosen.

•  CGUS IS ten years old and may not accurately list all products of a facility

In addition, it may be helpful to the reader to view a general summary of the

actions needed to create a PDM database The steps involved m preparing a PDM

database can be condensed into the following*

1  Identify chemicals in the product that are petrochemicals.

2 Research reactions involved from the crude to the final chemical

3. Choose a facility that is representative of the chemical and its reaction steps

by using the CGUS. Make allowances for co-product allocation if needed.

4 Look up toxic release data on the facility in the TRI database.

5  Set up the PDM database based on a template that already includes data on the

ten largest refineries

The PDM is a method that generates speciated data on toxic releases in the

production of petrochemicals for the materials production stage of an LCI. This

speciated data is less aggregated than data obtained from conventional sources, and takes

less time and cost to generate than conventional methods The PDM accomplishes this

task by incorporating data available in the public domain, available from five data

sources the Toxic Release Inventory, the Chemical Guide to United States, selected
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literature sources, the Chemical Marketing Reporter chemical profiles, and the

Environmental Protection Agency's Sector Facility Indexing Project notebook on

petroleum refining

Petrochemical databases for polystyrene, HDPE, PVC, polycarbonate, and

ethylene glycol v^^ere created by the Public Data Method and presented as examples of

this methodology. The five petrochemicals were presented in the context of an

automobile LCI, but these chemicals are used in many other products and are thus

applicable to the LCIs of many other products that contain petrochemicals m their

upstream inventories, from packaging materials to plastic toys This study applied the

PDM to petrochemicals. However, there are other sector facility reports that could be

used that would enable one to set up a PDM-based database founded upon another

industry, such as aluminum, copper, lead, or zinc refining, the iron and steel industry,

metal mining extraction, glass and other industries.

Results were mixed, with the positive result of speciation of toxic releases, but the

negative result of inconsistent datum values when compared to values from other data

sources.

Suggestions for the future development and use of the PDM include first that the

LCI practitioner may want to base the data attributed to the chemical plant on more than

one facility It is not uncommon for an LCI to base its data on information from 5 to 40

facilities in that industry. The problem with taking this supplementary step of collecting

this additional data is that it takes more time and thus adds to the expense of producing

the database Another suggestion is to compute the co-product allocation of the

individual facility chosen
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Table Al. (Continued)

FOOTNOTES

^ Info on the top ten facilities by capacity for the petroleum refining industry comes from
the website for the Sector Facility Indexing Project: Petroleum Refining Data Access,
<http.//es epa.gov/oeca/sfi/petdata.htm>, obtained October 1999. The TRI release data
for each facility comes from the Right-to-Know Network environmental database for
facility TRIs, <http://www.rtknet.org/triinputfacility.html>, obtained October 1999.

Under the "Disposition" column, the category "air" includes fugitive and stack
emissions.

^ TRI lbs/barrel of crude in was computed by: (">? Ibs/yr of the TRI chemical totaled for
the ten refineries) divided by (365 days/yr) divided by (3,689,000 bbl of crude in/day -
total of the plant capacities for the ten refineries) divided by (0.8600).

The 0.8600 (or 86%) value is the refining capacity factor which represents % of
capacity at which the refinery is actually operating. It was calculated by taking each
annual total U.S. refinery throughput divided by each yearly U S. refining total capacity
for the years 1987 -1993, and averaging the values. These values were obtained from the
International Petroleum Encyclopedia, 1995 edition. These were the only years that U.S.
refinery throughput and capacity values were both available, and were thus used to
estimate the actual rate at which the ten refineries were actually operating. Note that the
throughput values were reported in the literature as "calendar days", and the capacity
values were reported as just "days " It was assumed that these terms each refer to a 365
day year. See further Table 1 in the bottom right comer of this worksheet (starting at cell
AE221) for the calculation of the facility capacity factor.

"^Note. Conversion of "bbls of cmde" to "lbs of crude", using the density of cmde: bbls
of cmde in X 42 US gal/bbl X 3.785ee3 cm3/gal X 0.8673 g cmde in/cm3 X 1 lb/ 453.6
g; or, a factor of 304.0 lbs of cmde in/bbl of cmde in. On this basis, the ten refineries
processed 352 billion Ibs/yr of cmde for the year 1996, at 86% capacity.
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Table Al. (Continued)

The density of the crude was the average of nine crude oils from the United States and
seven crude oils from other countries, this resulted in an average API (American
Petroleum Institute) gravity of 31.7 degrees, or specific gravity of 0.8692 The data came
from Tables P-13 and P-14 on pages 851-2 of Chemical and Process Technology
Encyclopedia, Douglas M. Considine, editor-in-chief, McGraw-Hill Book Company,
New York. 1974. The data from the tables was copyrighted to the Universal Oil
Products Company, 1973. (API, in degrees = [141.5/specific gravity @ 60/60] -131.5).

^Calculating the 3.07% value: 48.4 billion Ibs/yr ethylene divided by 1.575 trilliion lbs
crude/yr. The ethylene value comes from CMR (1997), demand for 1996

^ From the Chemical Profile of Ethylene found m the Chemical Marketing Reporter
(CMR), 1997.

<http://chemexpo.com/news/newsframe.cfm?framebody=/news/profile.cfm>

^ Calculating the 0.88% value: 13.9 billion Ibs/yr benzene divided by 1.575 trilliion lbs
crude/yr The benzene value comes from CMR, 1 9 billion gallons benzene demand for
1996, and using the density of benzene (0.8765 kg/1 or 7.314 lb/gal, obtained from the
61st edition of the CRC handbook of Chemistry and Physics) to convert to lbs

g

From the Chemical Profile of Benzene found in the Cheimcal Marketing Reporter
(CMR), 1996

<http://chemexpo.com/news/newsframe.cfm''framebody=/news/profile cfm>

^ From the Chemical Profile of Ethylbenzene found m the Chemical Marketing Reporter
(CMR), 1995.

<http.//chemexpo com/news/newsframe cfm'?framebody=/news/profile.cfm>

From the Chemical Profile of Styrene found in the Chemical Marketing Reporter
(CMR), 1998.

<httpV/chemexpo.com/news/newsframe.cfm?framebody=/news/profile.cfm>
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Table Al. (Continued)

11
Calculation for TRI lbs/lb polystyrene: "lbs of TRI chemical lbs/lb of crude in"

multiplied by ' 1.575 trillion Ibs/yr crude" divided by "6.1 billion lbs polystyrene (from
CMR, 1997 - this value is the demand for 1996)"; or in other words, a factor of "258.2
lbs of crude/lb of product".

Facility Capacity obtained from CMR report on polystyrene, 1997.

13 The TRI release data for this facility comes from the Right-to-Know Network
environmental database for facility TRIs. <httpV/www.rtknet.org/triinputfacihty.htnil>

TRI lbs/lb of PS was computed by: (?? Ibs/yr of the TRI chemical attributed to the PS
chemical plant) divided by (450,000,000 Ibs/yr - facility capacity) divided by (0.8616 -
the facility capacity factor). The 0.8616 (or ~ 86%) value is the facility capacity factor
which represents % of capacity at which the facility is actually operating. It was
calculated by taking each yearly U.S demand value (considered to approximate the
throughput) divided by each yearly U.S capacity for 141 different cheimcals, and
averaging the values. These values were obtained from ChemExpo, accessed November
1999, available from <http://www chemexpo com>, and make up all the chemicals listed
m the "chemical profile archives." See further Table 2 in the bottom right comer of this
worksheet (starting at cell AJ232) for the calculation of the facility capacity factor.
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Table A2. (Continued)

FOOTNOTES

^ Info on the top ten facilities by capacity for the petroleum refining industry comes from
the website for the Sector Facility Indexing Project: Petroleum Refimng Data Access,
<http://es.epa.gov/oeca/sfi/petdata.htm>, obtained October 1999. The TRI release data
for each facility comes from the Right-to-Know Network environmental database for
facility TRIs, <http://www.rtknet org/triinputfacility.html>, obtained October 1999.

^ Under the "Disposition" column, the category "air" includes fugitive and stack
emissions.

^ TRI lbs/barrel of crude in was computed by: (?? Ibs/yr of the TRI chemical totaled for
the ten refineries) divided by (365 days/yr) divided by (3,689,000 bbl of crude in/day -
total of the plant capacities for the ten refineries) divided by (0.8600).

The 0.8600 (or 86%) value is the refining capacity factor which represents % of
capacity at which the refinery is actually operating. It was calculated by taking each
annual total U.S. refinery throughput divided by each yearly U.S. refimng total capacity
for the years 1987 -1993, and averaging the values. These values were obtained from the
International Petroleum Encyclopedia, 1995 edition. These were the only years that U.S.
refinery throughput and capacity values were both available, and were thus used to
estimate the actual rate at which the ten refineries were actually operating. Note that the
throughput values were reported in the literature as "calendar days", and the capacity
values were reported as just "days." It was assumed that these terms each refer to a 365
day year. See further Table 1 in the bottom right comer of this worksheet (starting at cell
X217) for the calculation of the facility capacity factor.

Conversion of "bbls of crude" to "lbs of crude", using the density of crude: bbls of
crude in X 42 US gal/bbl X 3.785ee3 cm3/gal X 0.8673 g cmde in/cm3 X 1 lb/ 453.6 g;
or, a factor of 304.0 lbs of cmde in/bbl of cmde in. On this basis, the ten refineries

processed 352 billion Ibs/yr of cmde for the year 1996, at 86% capacity.
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Table A2. (Continued)

The density of the crude was the average of nine crude oils from the United States and
seven crude oils from other countries, this resulted m an average API (American
Petroleum Institute) gravity of 31.7 degrees, or specific gravity of 0.8692. The data came
from Tables P-13 and P-14 on pages 851-2 of Chemical and Process Technology
Encyclopedia, Douglas M. Considine, editor-in-chief, McGraw-Hill Book Company,
New York: 1974. The data from the tables was copyrighted to the Universal Oil
Products Company, 1973. (API, in degrees = [141.5/specific gravity @ 60/60] -131.5).

^ 48.4ee9 lbs ethylene (1996 demand from CMR, 1997) divided by 1.575eel2 lbs crude
in= 0.0307

^ From CMR report on ethylene, 1997

^ Calculation for TRI lbs/lb HDPE: "lbs of TRI chermcal lbs/lb of crude in" multiplied
by "1.575 trillion Ibs/yr crude" divided by "12 5 billion lbs HDPE" (from CMR, 1998 -
this value is the demand for 1997)"; or m other words, a factor of "126 lbs of crude/lb of

product".

^ Facility Capacity obtained from CMR report on Polyethylene - HD, 1998.

The TRI release data for this facility comes from the Right-to-Know Network
environmental database for facility TRIs. <http://www.rtknet.org/triinputfacility.html>

TRI lbs/lb of HDPE was computed by: (?? Ibs/yr of the TRI chemical attributed to the
HDPE chemical plant) divided by (620,000,000 Ibs/yr - facility capacity) divided by
(0.8616 - the facility capacity factor). The 0.8616 (or ~ 86%) value is the facility
capacity factor which represents % of capacity at which the facility is actually operating.
It was calculated by taking each yearly U.S. demand value (considered to approximate
the throughput) divided by each yearly U.S. capacity for 141 different chemicals, and
averaging the values. These values were obtained from ChemExpo, accessed November
1999, available from <http://www.chemexpo.com>, and make up all the cheimcals listed
in the "chemical profile archives." See further Table 2 in the bottom right comer of this
worksheet (starting at cell AC228) for the calculation of the facility capacity factor.
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Table A3. (Continued)

FOOTNOTES

' Info on the top ten facilities by capacity for the petroleum refining industry comes from
the website for the Sector Facility Indexing Project: Petroleum Refining Data Access,
<http://es.epa.gov/oeca/sfi/petdata htm>, obtained October 1999 The TRI release data
for each facility comes from the Right-to-Know Network environmental database for
facility TRIs, <http-//www.rtknet.org/triinputfacihty.html>, obtained October 1999.

^ Under the "Disposition" column, the category "air" includes fugitive and stack
emissions.

^ TRI lbs/barrel of crude in was computed by: (?? Ibs/yr of the TRI chemical totaled for
the ten refineries) divided by (365 days/yr) divided by (3,689,000 bbl of crude in/day -
total of the plant capacities for the ten refineries) divided by (0.8600).
The 0.8600 (or 86%) value is the refining capacity factor which represents % of

capacity at which the refinery is actually operating. It was calculated by taking each
annual total U.S. refinery throughput divided by each yearly U.S. refining total capacity
for the years 1987 -1993, and averaging the values. These values were obtained from the
International Petroleum Encyclopedia, 1995 edition. These were the only years that U.S.
refinery throughput and capacity values were both available, and were thus used to
estimate the actual rate at which the ten refineries were actually operating. Note that the
throughput values were reported m the literature as "calendar days", and the capacity
values were reported as just "days." It was assumed that these terms each refer to a 365
day year. See further Table 1 m the bottom right comer of this worksheet (starting at cell
Z 218) for the calculation of the facility capacity factor.

4 Conversion of "bbls of cmde" to "lbs of crade", using the density of cmde: bbls of
cmde m X 42 US gal/bbl X 3 785ee3 cm3/gal X 0.8673 g crade in/cm3 X 1 lb/ 453.6 g;
or, a factor of 304.0 lbs of crude in/bbl of crude m. On this basis, the ten refineries
processed 352 billion Ibs/yr of crude for the year 1996, at 86% capacity.

The density of the crude was the average of nine crude oils from the United States and
seven crude oils from other countries, this resulted in an average API (American
Petroleum Institute) gravity of 31.7 degrees, or specific gravity of 0 8692. The data came
from Tables P-13 and P-14 on pages 851-2 of Chemical and Process Technology
Encyclopedia, Douglas M. Considme, editor-m-chief, McGraw-Hill Book Company,
New York: 1974. The data from the tables was copyrighted to the Universal Oil
Products Company, 1973. (API, in degrees = [141.5/specific gravity @ 60/60] -131.5).
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Table A3. (Continued)

^ Calculating the 3.07% value: 48.4 billion Ibs/yr ethylene divided by 1.575 trilliion lbs
crude/yr. The ethylene value comes from CMR (1997), demand for 1996

^ From the Chemical Profile of Ethylene found in the Chemical Marketing Reporter
(CMR), 1997. From Chemical Marketing Reporter (CMR, 1997), which actually says
that 15% of ethylene goes to Vinyl Chloride Monomer (VCM). But, according to the
Chemical Profile of Ethylene Dichloride (EDC) found in CMR (1998), 98% of EDC goes
to VCM and 2% goes to ethyleneamines and chlorinated solvents. Thus, for purposes of
this report it was assumed that 100% of EDC goes on to make VCM, which implies that
15% of ethylene goes to EDC.

<http.//chemexpo.com/news/newsframe.cfm?framebody=/news/profile cfm>

^Ibid.

^ From the Chemical Profile of Vinyl Chloride found in the Chemical Marketing
Reporter (CMR), 1998. The other 2% goes to miscellaneous, including polyvinylidene
chloride and chlonnated solvents.

^ Calculation for TRI lbs/lb PVC' "lbs of TRI chemical lbs/lb of crude in" multiplied by
"1.575 trillion Ibs/yr crude" divided by "13.3 billion lbs PVC (from CMR, 1998 - this
value IS the demand for 1996)"; or in other words, a factor of "118 lbs of crude/lb of

product".

Facility Capacity obtained from CMR report on PVC, 1998.

The TRI release data for this facility comes from the Right-to-Know Network
environmental database for facility TRIs. <http://www.rtknet.org/triinputfacihty.html>
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Table A3. (Continued)

TRI lbs/lb of PVC was computed by: (?? Ibs/yr of the TRI chemical attributed to the
PVC chemical plant) divided by (70,000,000 Ibs/yr - facility capacity) divided by (0.8616
- the facility capacity factor). The 0.8616 (or ~ 86%) value is the facility capacity factor
which represents % of capacity at which the facility is actually operating. It was
calculated by taking each yearly U.S. demand value (considered to approximate the
throughput) divided by each yearly U.S. capacity for 141 different chemicals, and
averaging the values. These values were obtained from ChemExpo, accessed November
1999, available from <http://www.chemexpo.com>, and make up all the chemicals listed
in the "chemical profile archives " See further Table 2 in the bottom right comer of this
worksheet (starting at cell AJ373) for the calculation of the facility capacity factor.
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Table A4. (Continued)

FOOTNOTES

^ Info on the top ten facilities by capacity for the petroleum refining industry comes from
the website for the Sector Facility Indexing Project: Petroleum Refining Data Access,
<http://es.epa.gov/oeca/sfi/petdata.htm>, obtained October 1999. The TRI release data

for each facility comes from the Right-to-Know Network environmental database for

facility TRIs, <http-//www.rtknet.org/triinputfacihty.html>, obtained October 1999.

^ Under the "Disposition" column, the category "air" includes fugitive and stack
emissions.

^ TRI lbs/barrel of crude in was computed by: (?? Ibs/yr of the TRI chemical totaled for
the ten refineries) divided by (365 days/yr) divided by (3,689,000 bbl of crude m/day -
total of the plant capacities for the ten refineries) divided by (0.8600).

The 0.8600 (or 86%) value is the refining capacity factor which represents % of
capacity at which the refinery is actually operating. It was calculated by taking each
annual total U.S. refinery throughput divided by each yearly U.S. refining total capacity
for the years 1987 -1993, and averaging the values. These values were obtained from the
International Petroleum Encyclopedia, 1995 edition. These were the only years that U.S.
refinery throughput and capacity values were both available, and were thus used to
estimate the actual rate at which the ten refineries were actually operating. Note that the
throughput values were reported in the literature as "calendar days", and the capacity
values were reported as just "days." It was assumed that these terms each refer to a 365
day year. See further Table 1 in the bottom right comer of this worksheet (starting at cell
AN240) for the calculation of the facility capacity factor.

Conversion of "bbls of crude" to "lbs of crade", using the density of crude: bbls of
crade m X 42 US gal/bhl X 3.785ee3 cm3/gal X 0.8673 g cmde in/cm3 X 1 lb/ 453.6 g;
or, a factor of 304.0 lbs of cmde in/bbl of cmde in. On this basis, the ten refineries

processed 352 billion Ibs/yr of cmde for the year 1996, at 86% capacity.
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Table A4. (Continued)

The density of the crade was the average of nine crude oils from the United States and
seven crude oils from other countries, this resulted in an average API (Amencan
Petroleum Institute) gravity of 31.7 degrees, or specific gravity of 0.8692. The data came
from Tables P-13 and P-14 on pages 851-2 of Chemical and Process Technology
Encyclopedia, Douglas M. Considine, editor-in-chief, McGraw-Hill Book Company,
New York. 1974. The data from the tables was copyrighted to the Universal Oil
Products Company, 1973. (API, in degrees = [141.5/specific gravity @ 60/60] -131.5).

^ Calculating the 0 88% value 13.9 billion Ibs/yr benzene divided by 1 575 trilliion lbs
crude/yr. The benzene value comes from CMR, 1.9 billion gallons benzene demand for
1996, and using the density of benzene (0.8765 kg/1 or 7.314 lb/gal, obtained from the
61st edition of the CRC handbook of Chemistry and Physics) to convert to lbs.

® From the Chemical Profile of Benzene found m the Chemical Marketing Reporter
(CMR), 1996.

<http://chemexpo com/news/newsframe.cfm?framebody=/news/profile.cfm>

' From the Chemical Profile of Cumene found in the Chemical Marketing Reporter
(CMR), 1996

^ According to Rudd (1981, p. 245) and according to CMR (on cumene, 1996), there is 1
lb of phenol for every 0.61 lbs of of acetone produced from the oxidation of cumene to
cumene hydroperoxide, which is then cleaved catalytically to acetone (37.9%) and pheno]
(62.1%). Therefore, 0.61/1.61 x 100 = 37.9% acetone produced.

^ 24.7ee9 lbs propylene (the 1995 demand from CMR, 1995) divided by 1.575eel2 lbs
crude in = 0.0157

From the Chemical Profile of Propylene found in the Chemical Marketing Reporter
(CMR), 1995.

From the Chemical Profile of Isopropanol found m the Chemical Marketing Reporter
(CMR), 1998.
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Table A4. (Continued)

According to CMR's(1999) report on Acetone, over 90% of US acetone is produced as
a coproduct with phenol through cumene peroxidation. However, dehydrogenation of
isopropanol (IPA) and production of acetone as a byproduct of Propylene Oxide (PPO)
were mentioned as other methods of commercial production.

CMR reported that at least 65 million Ibs/yr of aeetone were produced as a PPO
byproduct. This represents only 2.4% of total acetone demand and thus was not included
in this spreadsheet.

15% of IPA, or 210 million lbs, were used to make Acetone, which accounts for -7.8%
of acetone demand. This was deemed of enough signifigance to melude m these
calculations.

From the Chemical Profile of Acetone found in the Chemical Marketing Reporter
(CMR), 1998.

According to Rudd (1981, p. 245) and according to CMR (on cumene, 1996), there is 1
lb of phenol for every 0.61 lbs of of acetone produced from the oxidation of cumene to
cumene hydroperoxide, which is then cleaved catalytically to acetone (37.9%) and phenol
(62 1%) Therefore, 1.0/1.61 x 100 = 62.1% phenol produced.

From the Chemical Profile of Phenol found in the Chemical Marketing Reporter
(CMR), 1996.

According to 1999 CMR on BPA, all US producers make BPA through an acid-
catalyzed condensation reaetion of phenol with acetone.

From the Chemieal Profile of BPA found in the Chemical Marketing Reporter (CMR),
1999.

1 Q

Calculation for TRI lbs/lb PC* "lbs of TRI cheimcal lbs/lb of crade in" multiplied by
"1 575 trillion Ibs/yr crude" divided by "0.8 billion lbs PC (from CMR, 1996 - this value
IS the demand for 1996)"; or in other words, a faetor of about "1,970 lbs of crude/lb of
product".
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Table A4. (Continued)

Facility Capacity obtained from CMR report on PC, 1996.

20 The TRI release data for this facility comes from the Right-to-Know Network
environmental database for facility TRIs. <http://www.rtknet.org/trimputfacihty.html>

TRI lbs/lb of PC was computed by: (?? Ibs/yr of the TRI chemical attributed to the PC
chemical plant) divided by (280,000,000 Ibs/yr - facility capacity) divided by (0.8616 -
the facility capacity factor). The 0 8616 (or ~ 86%) value is the facility capacity factor
which represents % of capacity at which the facility is actually operating. It was
calculated by taking each yearly U.S. demand value (considered to approximate the
throughput) divided by each yearly U.S. capacity for 141 different chemicals, and
averaging the values These values were obtained from ChemExpo, accessed November
1999, available from <http://www chemexpo.com>, and make up all the chemicals listed
m the "chemical profile archives." See further Table 2 m the bottom nght comer of this
worksheet (starting at cell AS251) for the calculation of the facility capacity factor.

144



Ta
bl

e 
AS
. 
Et
hy
le
ne
 G
ly

co
l 
Da
ta
ba
se
 G
en
er
at
ed
 b
y 
th
e 
Pu
bl
ic
 D
at
a 
Me
th
od
 (
pa

ge
 o
rd

er
: d
o
w
n
,
 th
en

 o
ve
r)

IN
 T
H
E
 P
R
O
D
U
C
T
I
O
N
 O
F
 E
T
H
Y
L
E
N
E
 G
L
Y
C
O
L
,
 T
H
I
S
 I
S 
T
H
E
 T
R
l
 C
O
N
T
R
I
B
U
T
I
O
N
 F
R
O
M
 R
E
F
I
N
I
N
G
 O
F
 P
E
T
R
O
L
E
U
M

Re
le
as
es
 o
f T

RI
 C
he

mi
ca

ls
 to

 t
he

 E
nv

ir
on

me
nt

 b
y 
To

p 
Te
n 
Po
tr
ol
eu
m 
Re

fl
ne

ri
ea

^ (
by
 Ca

pa
ci
ty
) -
19

96
(D

at
a 
ob
ta
in
ed
 f
ro
m 
th

e 
RT
K 
Ne
tw
or
k 
on

 1
(V

2S
/9

9)
I

Fa
cl
Ht
yl
 

^c
»i
^2
 

Jo
ll

it
y 3

FA
CI

LI
TY

 I
D -

—>
 

C0
mH
8S
LV
LH
IE
T 

T7S
0OM

Ca.
C»l

?«O
18 

To
eo
SX
WB

RE
FI

NI
NG

 C
A
P
A
C
I
T
Y
 (B

ar
re

ls
/d

ay
>-

~>
 

49
50
00
 

43
30
00

As
su
mp
ti
on
: 
Re

fi
ne

ri
es

 o
pe
ra
te
 a
ll

Fa
ci
li
ty
 4

I
 4g
a»
4M
aC
2»
HI

Fa
ci
li
ty
 5

7
7
S
2
2
X
X
N
e
V
2
«
M
O

Fa
ci
li
ty
 6

1
»
M
g
T
U
I
T
C
a
*
4
4
P

Fa
ci
li
ty
 7
 

[F
T
T
T
O
i
a
M
N
T
R
E
A
S
T
E

)
 31
50
00
"

3
6
5
 d
a
y
s
 o
f 
t
h
e
 y

Fa
ci

li
ty

 9
T
O
e
g
C
T
Q
P
T
H
t
O
H
W

30
50

00
*

7
7
«
«
)
P
H
a
P
8
M
3
6
*

3
0
1

C
h
e
m
i
c
a
l

A
C
E
T
A
L
D
E
H
Y
D
E

A
C
 E
T
 A
L
D
E
H
Y
D
E

AC
^A

LD
EH

YD
E

A
C
E
T
A
L
D
E
H
Y
D
E

A
C
R
O
L
E
I
N

AC
RY

LI
C 
AC
ID

A
C
R
Y
L
I
C
 A
C
I
D

A
M
M
O
N
I
A

A
M
M
O
N
I
A

A
M
M
O
N
I
A
 

: 
::

A
M
M
O
N
I
A
 

• 
•

A
M
M
O
N
I
A

A
N
T
H
R
A
C
E
N
E

A
N
T
H
R
A
C
E
N
E

A
N
T
H
R
A
C
E
N
E

A
N
T
I
M
O
N
Y
 C
O
M
P
O
U
N
D
S

A
N
T
I
M
O
N
Y
 C
O
M
P
O
U
N
D
S

A
N
T
I
M
O
N
Y
 C
O
M
P
O
U
N
D
S

B
A
R
I
U
M
 C
O
M
P
O
U
N
D
S

B
A
R
I
U
M
 C
O
M
P
O
U
N
D
S

B
A
R
I
U
M
 C
O
M
P
O
U
N
D
S

B
E
N
Z
E
N
E

B
E
N
Z
E
N
E

B
E
N
Z
E
N
E

B
E
N
Z
E
N
E

B
E
N
Z
E
N
E

B
E
N
Z
E
N
E

B
I
P
H
E
N
Y
L

1
.
3
-
B
U
T
A
D
I
E
N
E

1
,
3
-
B
U
T
A
D
I
E
N
E

B
U
T
Y
L
 A
G
R
Y
L
A
T
E

B
U
T
Y
L
 A
C
R
Y
L
A
T
E

C
A
R
B
O
N
 D
I
S
U
L
F
I
D
E

C
A
R
B
O
N
 D
I
S
U
L
F
I
D
E
 

: 
.

C
A
R
B
O
N
 T
E
T
R
A
C
H
L
O
R
I
D
E

C
A
R
B
O
N
 T
E
T
R
A
C
H
L
O
R
I
D
E

C
A
R
B
O
N
Y
L
 S
U
L
F
I
D
E
 

:

C
H
L
O
R
I
N
E

C
H
L
O
R
I
N
E

C
H
L
O
R
O
D
i
a
U
O
R
O
M
E
T
H
A
N
E

C
H
L
O
R
O
D
I
F
L
U
O
R
O
M
E
T
H
A
N
E

C
H
L
O
R
O
E
T
H
A
N
E

C
H
R
O
M
I
U
M
 C
O
M
P
O
U
N
D
S

C
H
R
O
M
I
U
M
 C
O
M
P
O
U
N
D
S

C
H
R
O
M
I
U
M
 C
O
M
P
O
U
N
D
S

Di
sp
os
it
io
n'

Ai
r

Ur
td
er
gr
ou
nd

P
O
T
W
 T
ra

ns
fe

r 
_

Of
f-
si
te
 T
r
a
n
s
f
e
r

A
i
r

J
 Ai

r 
I

j 
Of
f-
si
te
 Tr

an
sf

er
 |

A
i
r

W
a
t
e
r

Un
de

rg
ro

un
d

P
O
T
W
 T
r
a
n
s
f
e
r

Of
f-
si
te
 T
r
a
n
s
f
e
r

Ai
r 

I
La
nd

Of
f-

si
te

 T
r
a
n
s
f
e
r

■
 A
ir

 
■

L
a
n
d

Of
f-

si
te

 T
r
a
n
s
f
e
r

Wa
te

r
La
nd

Of
f-

si
te

 T
r
a
n
s
f
e
r

Ai
r 

:

W
a
t
e
r
 

■

Un
de

rg
ro

un
d 

^
L
a
n
d

P
O
T
W
 T
r
a
n
s
f
e
r

CM
-s
it
e 
T
r
a
n
s
f
e
r

I
 Ai

r 
I

Ai
r

Of
f-

si
te

 T
r
a
n
s
f
e
r

Ai
r

I 
Of
f-
si
te
 T
ra
ns
fe
r |

Ai
r

Of
f-

si
te

 T
r
a
n
s
f
e
r

I
 Air

 
I

I 
Of

f-
si

te
 Tr

an
sf
er
 j

Ai
r

i
 L

1
 Wa

te
r 

T
Ai

r

^
-
s
i
t
e
 T
r
a
n
s
f
e
r

I ■
 ■ 

■ 
■ 

Ai
r 

.

W
a
t
e
r

L
a
n
d

6
0
.
9
6
2

1
6
0

2
4
,
7
6
7

2
5
,
0
0
0

0
1
.
3
0
0
.
0
0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
1
6
0

0
7
0

5
8
,
6
5
3

1
4
5
,
0
0
0

1
5

1

0
1
7
0
.
0
0
0

0
9
5
0

0
0

4
,
5
3
3

4
,
1
8
9

oj
o|

1
0
,
6
4
6

2
8
0

0
0

0



T
a
b
l
e
 A
5
.
 (
C
o
n
t
i
n
u
e
d
)

IN
 T
H
E
 P
R
O
D
U
C
T
I
O
N
 O
F
 E
T
H
Y
L
E
N
E
 G
L
Y
C
O
L
,
 T
H
I
S
 I
S 
T
H
E
 T
R
I
 C
O
N
T
R
I
B
U
T
I
O
N
 F
R
O
M
 R
E
F
I
N
I
N
G
 O
F
 P
E
T
R
O
L
E
U
M

Re
le

as
es

 of
 TR

I 
Ch

em
ic

al
s t

o t
tte

 E
nv

ir
on

me
nt

 b
y 
To

p 
Te

n 
Pe
tr
ol
eu
m 
Re
fi
ne
ri
es
' (
by

 Ca
pa
ci
ty
) -

 1S
96
 

I
(D

at
a 
ob
ta
in
ed
 f
ro
m 
th
e 
RT
K 
Ne

tw
or

k 
on

 1
0/
25
/9
9)
 

Z
I
^
Z
Z
L
Z
I
^
^

Fa
ci

li
ty

 1
 

Fa
ci
li
ty
 2
 

Fa
ci

li
ty

;
FA
CI
LI
TY
 I
D -

~>
 

oo
wi

HS
SL

VL
iM

eT
 

TT
SB
ow
ac
Mw
is
 

Toe
osx

?
R
E
F
I
N
I
N
G
 C
A
P
A
C
I
T
Y
 (B

ar
re

ls
/d

ay
)-

->
 

4
9
5
0
0
0
 

4
3
3
0
0
0

at
io
n:
 R
ef

in
er

ie
s 
op
er
at
e 

al
l

3
6
5
 d
a
y
s
 o
f 
t
h
e
 y
ea

r

Fa
ci

li
ty

 9

Ch
em
ic
al

C
H
R
O
M
I
U
M
 C
O
M
P
O
U
N
D
S

C
O
B
A
L
T
 C
O
M
P
O
U
N
D
S

C
O
B
A
L
T
 C
O
M
P
O
U
N
D
S

C
O
B
A
L
T
 C
O
M
P
O
U
N
D
S

C
O
P
P
E
R
 C
O
M
P
O
U
N
D
S
 ̂

^
C
O
P
P
E
R
 C
O
M
P
O
U
N
D
S

C
O
P
P
E
R
 C
O
M
P
O
U
N
D
S

C
O
P
P
E
R
 C
O
M
P
O
U
N
D
S

C
R
E
S
O
L
 (
M
I
X
E
D
 I
S
O
M
E
R
S
)

C
R
E
S
O
L
 (
M
I
X
E
D
 I
S
O
M
E
R
S
)

C
R
E
S
O
L
 (
M
I
X
E
D
 I
S
O
M
E
R
S
)

C
R
E
S
O
L
 (
M
I
X
E
D
 I
S
O
M
E
R
S
)

C
U
M
E
N
E

C
U
M
E
N
E

C
U
M
E
N
E

C
Y
C
L
O
H
E
X
A
N
E

C
Y
C
L
O
H
E
X
A
N
E

C
Y
C
L
O
H
E
X
A
N
E

C
Y
C
L
O
H
E
X
A
N
E

1
^
-
O
I
B
R
O
M
O
E
T
H
A
N
E

1
^
-
O
i
B
R
O
M
O
E
T
H
A
N
E

1
.
2
-
O
I
C
H
L
O
R
O
E
T
H
A
N
E

D
I
E
T
H
A
N
O
L
A
M
I
N
E

D
I
E
T
H
A
N
O
L
A
M
I
N
E

D
I
E
T
H
Y
L
 S
U
L
F
A
T
E

E
T
H
Y
L
 A
C
R
Y
L
A
T
E

E
T
H
Y
L
 A
C
R
Y
L
A
T
E

E
T
H
Y
L
B
E
N
Z
E
N
E

E
T
H
Y
L
B
E
N
Z
E
N
E

E
T
H
Y
L
B
E
N
Z
E
N
E

E
T
H
Y
L
B
E
N
Z
E
N
E

E
T
H
Y
L
B
E
N
Z
E
N
E

E
T
H
Y
L
B
E
N
Z
E
N
E

E
T
H
Y
L
E
N
E

E
T
H
Y
L
E
N
E

E
T
H
Y
L
E
N
E
 G
L
Y
C
O
L

E
T
H
Y
L
E
N
E
 G
L
Y
C
O
L

E
T
H
Y
L
E
N
E
 G
L
Y
C
O
L

E
T
H
Y
L
E
N
E
 G
L
Y
C
O
L

E
T
H
Y
L
E
N
E
 G
L
Y
C
O
L

E
T
H
Y
L
E
N
E
 O
X
I
D
E

E
T
H
Y
L
E
N
E
 O
X
I
D
E

E
T
H
Y
L
E
N
E
O
X
I
D
E

E
T
H
Y
L
E
N
E
 O
X
I
D
E

F
O
F
I
M
A
L
D
E
H
Y
D
E

Di
sp
os
it
io
n'

:O
ff
'S
jt
e 
T
r
a
n
s
f
e
r

A|
r

La
nd

Of
f-
si
te
 T
r
a
n
s
f
e
r

W
a
t
e
r

L
a
n
d

: 
OH

-s
it

e 
Tr

ar
»f

w 
j

A|
r

W
a
t
e
r

Un
de
rg
ro
un
d

Of
f-

si
te

 T
r
a
n
s
f
e
r

A
i
r
':
"

W
a
t
e
r

Of
f-

si
te

 T
r
a
n
s
f
e
r
.

Ai
r

W
a
t
e
r

La
nd

Of
f-
si
te
 T
r
a
n
s
f
e
r

A
i
r

W
a
t
e
r

Ai
r 

I
Ai

r

O
f
i
-
s
l
t
e
 T
r
a
n
s
f
e
r

Of
f-

si
te

 Tr
an
sf
er
 

j
Ai

r

: 
Of

f-
^s

it
e 
T
r
a
n
s
f
e
r
::

A
i
r

Wa
te

r
U
n
d
e
r
g
r
o
u
n
d

La
nd

P
O
T
W
 T
r
a
n
s
f
e
r

Of
f-

si
te

 T
r
a
n
s
f
e
r

Ai
r

Of
f-
si
te
 T
r
a
n
s
f
e
r

Ai
r

U
n
d
e
r
g
r
o
u
n
d

P
O
T
W
 T
r
a
n
s
f
e
r

Wa
te

r
Of
f-
si
te
 T
r
a
n
s
f
e
r

Ai
r

: 
Un
de
rg
ro
un
d

: P
O
T
W
 T
r
a
n
s
f
e
r
 ■

:
: O

ff-
si

te
 T

ra
ns

fe
r

Ai
r 

I



T
a
b
l
e
 A
5
.
 (
C
o
n
t
i
n
u
e
d
)

:
 R
e
f
m
e
r
t
e
s
 o
pe
ra
te
 a
ll

3
6
5
 d
a
y
s
 o
f 
t
h
e
 y
e
a
r

■
B

!C
S

&
S

S
!E

!^
B

H
!S

!!
E

S
S

IS
^I

h 
dd

 
e

l^
iJ

lJ
.a

'J

H
i

H

M
i

■S
'liK

in
fe

.A
W

t;

■
H

if.
1

 ■
 

IT
I

'
 

^
 .

S
T

-

•
n

ii
a

u
'J

a
iS

n
iM

i 
•

ti
ll
 I

m
*t

3
r

t
 :
ii
i

3
1

i
a

d
S

n
fc

d
d

s
tJ

s
lh

a
'J

la
d

ild
I 

. .
 :

 
. 
^.

1
. 

.

$
 

-w
:«

; 
3 

i j
 : 

' :
5

»
d

h
d

'M
ld

J
b

JF
Jd

!id
iL

^l
d?

T
a

:i
ii
a



T
a
b
l
e
 A
S
.
 (
C
o
n
t
i
n
u
e
d
)

:
 R
ef
in
er
ie
s 
o
p
e
r
a
t
e
 a
ll

3
6
5
 d
a
y
s
 o
f
 t
ri
e 
v
e
a
r

N
-
B
U
T
Y
L
 A
L
C
O
H
O
L

N
-
H
E
X
A
N
E

N
-
H
E
X
A
N
E

N
-
H
E
X
A
N
E

N
-
H
E
X
A
N
E

N
I
C
K
E
L
 C
O
I
^
P
O
U
N
D
S

N
I
C
K
E
L
 C
O
I
^
P
O
U
N
D
S

N
I
C
K
E
L
 C
O
M
P
O
U
N
D
S

N
I
C
K
E
L
 C
O
M
P
O
U
N
D
S

N
I
T
R
A
T
E
 C
O
M
P
O
U
N
D
S

N
-
M
E
T
H
Y
L
-
2
-
P
Y
R
R
O
U
D
O
N
E

N
-
M
E
T
H
Y
L
-
2
-
P
Y
R
R
O
U
D
O
N
E

N
-
M
E
T
H
Y
L
-
2
-
p
Y
R
R
O
U
D
O
N
E
 

.
 
.

0
-
X
Y
L
E
N
E

0
-
X
Y
L
E
N
E

0
-
X
Y
L
E
N
E

0
-
X
Y
L
E
N
E

P
-
X
Y
L
E
N
E

P
-
X
Y
L
E
N
E

P
-
X
Y
L
E
N
E

P
-
X
Y
L
E
N
E

P
H
E
N
A
N
T
H
R
E
N
E

P
H
E
N
A
N
T
H
R
E
N
E

P
H
E
N
A
N
T
H
R
E
N
E

P
H
E
N
A
N
T
H
R
E
N
E

P
H
E
N
O
L

P
H
E
N
O
L

P
H
E
N
O
L

P
H
E
N
O
L

P
H
E
N
O
L

P
H
E
N
O
L

P
H
O
S
P
H
O
R
I
C
 A
C
I
D

P
O
L
Y
C
Y
C
L
I
C
 A
R
O
M
A
T
I
C
 C
O
M
P
O
U
N
D

P
O
L
Y
C
Y
C
L
I
C
 A
R
O
M
A
T
I
C
 C
O
M
P
O
U
N
D

P
O
L
Y
C
Y
C
L
I
C
 A
R
O
M
A
T
I
C
 C
O
M
P
O
U
N
D

9
3
,
0
0
0 2

3
.
5
0
0 0 0 0

1
1
0

1
6
7
.
8
0
0

4
7
2

:
s
:
\
£

s
a
i



T
a
b
l
e
 A
5
.
 (
C
o
n
t
i
n
u
e
d
)

IN
 T
H
E
 P
R
O
D
U
C
T
I
O
N
 O
F
 E
T
H
Y
L
E
N
E
 G
L
Y
C
O
L
,
 T
H
I
S
 I
S 
T
H
E
 T
R
i
 C
O
N
T
R
I
B
U
T
I
O
N
 F
R
O
M
 R
E
F
I
N
I
N
G
 O
F
 P
E
T
R
O
L
E
U
M

Re
le
as
es
 o
f T

RI
 C
he

mi
ca

ls
 to

 th
e 
En

vi
ro

nm
en

t 
by

 T
op

 T
en
 P
et
ro
le
um
 R
ef
in
er
ie
s^
 (b

y 
Ca

pa
ci

ty
) -
19

96
(D
at
a 
ob
ta
in
ed
 f
ro
m 
th
e 
RT

K 
Ne
tw
or
k 
on

 1
0/

25
/9

9)
 

Z
I
Z
^

Fa
ci
li
ty
 1
 

Fa
ci
li
ty
 2
 

Fa
ci
li
ty

FA
CI
LI
TY
 I
D 
•*

*>
 

oo
at
iH
sa
LV
LB
ii
eT
 

TT
sa
oM
Ci
CM
aw
B 

tob
os:

R
E
F
I
N
I
N
G
 C
A
P
A
C
n
r
y
 (B

ai
Te

l8
/d

ay
)—

> 
49
50
00
 

43
30
00

il
Ht
y 3
 

Fa
ci

li
ty

70
BO

S)
00

«T
«0

50
S 

«6
3»

4
2
4
0
0
0

Fa
ci
li
ty
 6

i
a
i
4
S
T
L
N
T
C
3
l
4
4
P

Ch
em

ic
al

 
Di

sp
os

it
io

n
T
E
T
R
A
C
H
L
O
R
O
E
T
H
Y
L
E
N
E
 

La
nd

T
E
T
R
A
C
H
L
O
R
O
E
T
H
Y
L
E
N
E
 

~
~
 

Of
f-

Si
te

 T
ra

ns
fe

r
T
O
L
U
E
N
E
 

-A
ir

T
O
L
U
E
N
E
 

W
a
t
e
r

T
O
L
U
E
N
E
 

Un
de
rg
ro
un
d

T
O
L
U
E
N
E
 

L
a
n
d

T
O
L
U
E
N
E
 

P
O
T
W
T
r
a
n
s
f
e
r

T
O
L
U
E
N
E
 

(^
-s

it
s 
Tr
an
sf
er

1,
1,

1-
TR

IC
HL

OR
OE

TH
AN

E 
|
 

Ai
r

1.
1.
1-
TR
IC
HL
OR
OE
TH
AN
E 

^ 
|
 Off

-si
te 

Tr
an
sf
er

T
R
I
C
H
L
O
R
O
E
T
H
Y
L
E
N
E
 

Ai
r

T
R
I
C
H
L
O
R
O
E
T
H
Y
L
E
N
E
 

Of
f-

si
te

 T
ra

ns
fe

r
1.
2,
4-
TR
IM
ET
HY
LB
EN
ZE
NE
 

Ai
r

1 ̂
.4
-T
RI
ME
TH
YL
BE
NZ
EN
E 

Wa
te

r
1
.
2
.
4
.
T
R
I
M
E
T
H
Y
L
B
E
N
Z
E
N
E
 

L
a
n
d

1
.
2
.
4
-
T
R
I
M
E
T
H
Y
L
B
E
N
Z
E
N
E
 

Of
f-
si
te
 T
r
a
n
s
f
e
r

V
A
N
A
D
I
U
M
 (
F
U
M
E
 O
R
 O
U
S
T
]
 

L
a
n
d

V
A
N
A
D
I
U
M
 (
F
U
M
E
 O
R
 D
U
S
T
)
 

Of
f-

si
te

 T
ra
ns
fe
r 

i
VI

NY
L 
AC

ET
AT

E 
I 

Ai
r

VI
NY
L 
A
C
E
T
A
T
E
 

Un
de

rg
ro

un
d

VI
NY
L 
A
C
E
T
A
T
E
 

PO
TW

Tr
an

sf
er

V
I
N
Y
L
 A
C
E
T
A
T
E
 

Of
f-
si
te
 T
r
a
n
s
f
e
r

X
Y
L
E
N
E
 (M
IX

ED
 I
S
O
M
E
R
S
)
 

!
: 

. 
Ai

r
X
Y
L
E
N
E
 (
M
I
X
E
D
 I
S
O
M
E
R
S
)
 

Wa
te

r
X
Y
L
E
N
E
 (
M
I
X
E
D
 I
S
O
M
E
R
S
)
 

•:
 

Un
de
rg
ro
un
d

X
Y
L
E
N
E
 (
M
I
X
E
D
 I
S
O
M
E
R
S
)
 

L
a
n
d

X
Y
L
E
N
E
 (
M
I
X
E
D
 I
S
O
M
E
R
S
)
 

:
 

P
O
T
W
T
r
a
n
s
f
e
r
 

I
X
Y
L
E
N
E
 (
M
I
X
E
D
 I
S
O
M
E
R
S
)
 V
 v
 :
 : ;

 
Of
f-
si
te
 T
ra
ns
fe
r

ZI
NC

 C
O
M
P
O
U
N
D
S
 

I 
Ai

r
ZI
NC
 C
O
M
P
O
U
N
D
S
 

Wa
te

r
Z
I
N
C
 C
O
M
P
O
U
N
D
S
 

L
a
n
d

ZI
NC

 C
O
M
P
O
U
N
D
S
 

P
O
T
W
 T
ra
ns
fe
r

Z
I
N
C
 C
O
M
P
O
U
N
D
S
 

Of
f-
Si
te
 T
r
a
n
s
f
e
r

T
O
T
A
L
 R
E
L
E
A
S
E
S
 A
 T
R
A
N
S
F
E
R
S
 (
L
B
S
)

6
4
,
5
3
4 0 0 0 0

4
,
8
1
9

9
5
4

7
.
6
8
6 q
_

0
_

1,
60
3|

3
.
0
9
9
,
2
6
8

'
 51
,0
98

8
7
,
0
0
0

■
 0

0

0
0

0
 ;

0

3
3
0
 

. 
.

0

1
3
,
6
0
8

3
,
0
9
6

6
3

1
9
0

1
,
1
7
9

0

0
0

8
9

0

2
7
,
0
6
9

3
6

6
7
6
,
5
6
3

3
,
6
6
7
.
5
5
1

2
2
4
,
0
0
0 2

■ 
0
'
:

■ 0
 :

0

5
9
8 0
_
0
_
0
_
0
_
0

2
.
4
4
3
.
5
2
4



F
A
C
I
U
T
Y
 I
D 
~
>

R
E
F
I
N
I
N
G
 C
A
P
A
C
r
T
Y
 (
Ba

rr
ei

s/
da

y]

T
a
b
l
e
 A
5
.
 (
C
o
n
t
i
n
u
e
d
)

T
R
I
 R
e
l
e
a
s
e
s
 f
o
r

e
t
h
y
l
e
n
e
 g
ly
co
l

C
h
e
m
i
c
a
l

A
C
E
T
A
L
D
E
H
Y
D
E

A
C
E
T
A
L
D
E
H
Y
D
E

A
C
C
T
A
L
D
E
H
Y
D
E

A
C
E
T
A
L
D
E
H
Y
D
E

A
C
R
O
L
E
I
N
 

-

A
C
R
Y
L
I
C
 A
C
I
D

A
C
R
Y
L
I
C
 A
C
I
D

A
M
M
O
N
I
A

A
M
M
O
N
I
A

A
M
M
O
N
I
A

A
M
M
O
N
I
A

A
M
M
O
N
I
A

A
N
T
H
R
A
C
E
N
E

A
N
T
H
R
A
C
E
N
E

A
N
T
H
R
A
C
E
N
E

A
N
T
I
M
O
N
Y
 C
O
M
P
O
U
N
D
S

A
N
T
I
M
O
N
Y
 C
O
M
P
O
U
N
D
S

A
N
T
I
M
O
N
Y
 C
O
M
P
O
U
N
D
S

B
A
R
I
U
M
 C
O
M
P
O
U
N
D
S

B
A
R
I
U
M
 C
O
M
P
O
U
N
D
S

B
A
R
I
U
M
 C
O
M
P
O
U
N
D
S

B
E
N
Z
E
N
E

b
e
n
z
e
n
e
:

B
E
N
Z
E
N
E

b
e
n
z
e
n
e

B
E
N
Z
E
N
E

B
E
N
Z
E
N
E

B
I
P
H
E
N
Y
L

1
,
3
-
B
U
T
A
D
I
E
N
E

1
.
3
-
B
U
T
A
D
I
E
N
E

B
U
T
Y
L
 A
C
R
Y
L
A
T
E

B
U
T
Y
L
 A
C
R
Y
L
A
T
E

C
A
R
B
O
N
 D
I
S
U
L
F
I
D
E

C
A
R
B
O
N
 D
I
S
U
L
F
I
D
E
 :
 ;

C
A
R
B
O
N
 T
E
T
R
A
C
H
L
O
R
I
D
E

C
A
R
B
O
N
 T
E
T
R
A
C
H
L
O
R
I
D
E

C
A
R
B
O
N
Y
U
S
U
L
F
I
D
E

C
H
L
O
R
I
N
E

C
H
L
O
R
I
N
E

C
H
L
O
R
O
D
I
F
L
U
O
R
O
M
E
T
H
A
N
E

C
H
L
O
R
O
D
I
F
L
U
O
R
O
M
E
T
H
A
N
E

C
H
L
O
R
O
E
T
H
A
N
E

C
H
R
O
M
I
U
M
 C
O
M
P
O
U
N
D
S

C
H
R
O
M
I
U
M
 C
O
M
P
O
U
N
D
S

C
H
R
O
M
I
U
M
C
O
M
P
O
U
N
D
S
:
: 
.

Di
sp
os
it
io
n'

Ai
r

Un
de
rg
rc
Kj
rK
i

P
O
T
W
 T
r
a
n
s
f
e
r

Of
f-

si
te

 T
r
a
n
s
f
e
r

A
i
r

_[ 
Air

 
j_

I 
Of

f-
si

te
 Tr

an
sf
er
 j

A
i
r

W
a
t
w

U
n
d
e
r
g
r
o
u
n
d

P
O
T
W
T
r
a
r
B
f
e
r

Of
f-
si
te
 T
r
a
n
s
f
e
r

Ai
r

La
nd

Of
f-

si
te

 T
r
a
n
s
f
e
r

Ai
r-

i 
.

L
a
n
d

i^
ji

Of
f-

sf
te

 T
ra
ns
fe
r.

...
.

Wa
te

r
La
nd

Of
f-
si
te
 T
r
a
n
s
f
e
r

Ai
r

W
a
t
e
r

Un
de

rg
rc

Hi
nd

L
a
n
d

P
O
T
W
 T
r
a
n
s
f
e
r

Of
f-
si
te
 T
r
a
n
s
f
e
r

I
 Ai

r 
I

Ai
r

Of
f-
si
te
 T
r
a
n
s
f
e
r

Ai
r

I 
Of

f-
si

te
 Tr

an
sf

er
 |

A
i
r

Of
f-
si
te
 T
r
a
n
s
f
e
r
 

r:

J
 Ai

r 
I

I 
Of

f-
si

te
 Tr

ar
»f
er
 j

Ai
r

J
 Ai

r 
I

I
 Wa

te
r 

\
Ai

r

Of
f-

si
te

 T
r
a
n
s
f
e
r

I
 Ai

r 
I

A
i
r

W
a
t
e
r
;

L
a
r
K
l
 
,

T
R
J
 l
b
s
/
b
a
r
r
e
l
 o
f

LB
S/

YR
. 
cr

ud
e 
In

 
'

6
4
%
 o
f
 e
tt
iy
te
ne
 

T
R
t
l
b
s
/
l
b
o
f

1
3
%
 o
f e

th
yl

en
e 

ox
id
e 
to

 
et

hy
te

ne
 g
ly

co
l*

TR
I 
lb
s/
lb
 o
f c

ru
de
 3

.0
7%
 of

 c
ru
de
 

to
 e
th

yl
en

e 
et

hy
le

ne
 

(a
tt
ri
bu
te
d 
to
 oi

l
jn
*|
 

to
 et

hy
le
ne
':
 

ox
id

e*
; 

gl
yc
ol
':
 

re
fi

ne
ri

es
):

0
.
0
0
0
6
4
4
4
6
6

7
.
7
6
6
5
6
E
-
0
5

0
.
0
0
1
1
2
2
6
4
7

8
.
9
8
1
1
8
E
-
0
8

1
.
9
8
6
2
2
E
-
0
8

2
.
1
1
4
0
3
E
-
0
6

1
.
3
9
8
9
9
E
-
0
7

9.
49
93
2E
-6
9

1
.
1
2
2
6
5
E
-
0
6

2
.
1
5
8
9
4
E
-
0
6

4
.
5
8
7
3
1
 E
-
0
6

1
.
6
3
3
8
8
E
-
0
6

1
.
9
9
6
5
9
E
-
0
6

2
.
2
0
2
1
2
E
-
0
7

0
.
0
0
0
5
2
5
6
3
2

9
.
1
5
3
8
9
E
-
0
8

0
.
0
0
0
1
4
6
8
0
8

9
.
6
8
0
6
8
E
-
0
7

4
.
4
0
4
2
3
E
-
0
8

1
.
6
9
3
5
6
E
-
0
5

1.
64

07
9E

-0
6|

3
.
7
4
0
5
7
E
-
0
5

1
.
0
3
6
2
9
E
-
0
7 0 0|

6
.
1
2
2
7
5
E
-
0
6

- 
2
.
2
1
0
7
5
E
-
0
7

2.
02
37
9E
-0
5|

8.
25

57
8E

-0
7I

0
.
0
0
0
1
5
6
5
6
6

3.
92
59
eE
-0
5|

1.
14
25
1E
-0
5| 0

1
.
9
8
6
2
2
E
-
0
5 0|

2
.
5
9
0
7
2
E
-
0
8

a
6
B
5
5
6
E
-
0
6

4
.
3
9
5
6
E
-
0
6

2
.
1
1
9
9
5
E
-
0
6

2
.
5
5
4
7
9
E
-
0
7

3
.
6
9
2
9
2
E
-
0
6

2
.
9
5
4
3
4
E
-
1
0

6
.
5
3
3
e
3
E
-
1
1

6
.
9
5
4
0
5
E
-
0
9

4
.
6
0
1
9
5
E
-
1
Q

3
.
1
2
4
7
8
E
.
1
1

3
.
6
9
2
9
2
E
-
0
9

7
.
1
0
1
7
7
E
-
0
9

1
.
5
0
8
9
8
E
-
0
8

5
.
3
7
4
6
2
E
-
0
9

6
.
5
6
7
7
1
 E
-
0
9

7
.
2
4
3
8
E
-
1
0

1
.
7
2
9
0
5
E
-
0
6

3
.
0
1
1
1
5
E
-
1
0

4
.
8
2
9
2
E
-
0
7

3
.
1
8
4
4
3
E
-
0
9

1
.
4
4
8
7
6
E
-
1
0

5
.
5
7
0
9
1
 E
-
0
8

5.
39
73
4E
-0
9j

1
.
2
3
0
4
5
E
-
0
7

3
.
4
0
8
8
5
E
-
1
0

2
.
0
1
4
0
6
E
-
0
8

7
.
2
7
2
2
1
 E
-
1
0

6.
65
72
E-
08
|

2.
71
57
2E
-0
9|

5
.
1
S
0
2
E
-
0
7

1.
29

14
4E

-0
7|

3
.
7
5
8
2
6
E
-
0
8

8
.
5
2
2
1
2
E
-
1
1

1
.
1
7
9
4
6
E
-
0
8

1
.
4
4
5
9
2
E
-
0
8

6
.
5
1
4
6
5
E
-
0
8

7
.
8
5
0
9
1
E
-
0
9

1
.
1
3
4
8
4
E
-
0
7

9
.
0
7
8
7
2
E
-
1
2

2
.
0
0
7
7
9
E
-
1
2

2
.
1
3
6
9
9
E
-
1
0

1
.
4
1
4
1
9
E
-
1
1

9
.
6
0
2
4
9
E
-
1
3

1
.
1
3
4
8
4
E
-
1
0

2
.
1
8
2
3
8
E
-
1
0

4
.
6
3
7
1
3
E
-
1
0

1
.
6
5
1
6
3
E
-
1
0

2
.
C
1
8
2
7
E
-
1
0

2
.
2
2
6
0
3
E
-
1
1

5
.
3
1
3
4
1
E
-
0
8

9
.
2
5
3
3
1
E
-
1
2

1
.
4
8
4
0
2
E
-
0
8

9
.
7
8
5
8
1
 E
-
1
1

4
.
4
5
2
0
6
E
-
1
2

1
.
7
1
1
9
5
E
-
0
9

1.
65
86
1 E

-I
Ol

3
.
7
8
1
2
e
-
0
9

1
.
0
4
7
5
4
E
.
1
1 0 0|

6
.
1
8
9
2
4
E
-
1
0

2
.
2
3
4
7
6
E
-
1
1

2.
04

57
7E

-0
9|

8.
34
54
4E
-1
l|

1
.
5
6
2
6
7
E
-
0
8

3.
96

86
2E

-0
9|

1.
15
49
2E
-0
9r
0

2
.
0
0
7
7
9
E
-
0
9 0|

2
.
6
1
8
8
6
E
-
1
2

3
.
6
2
4
5
E
-
1
0

4
.
4
4
3
3
3
E
-
1
0

8
:
4
6
9
0
5
E
-
0
9

1
.
0
2
0
6
2
E
-
0
9

1
.
4
7
5
2
9
E
-
0
8

1
.
1
8
0
2
3
E
-
1
2

2
.
6
1
0
1
3
E
-
1
3

2
.
7
7
8
0
9
E
-
1
1

1
.
8
3
8
4
4
E
-
1
2

1
.
2
4
8
3
2
E
-
1
3

1
.
4
7
5
2
9
E
-
1
1

2
.
8
3
7
1
E
-
1
1

6
.
0
2
8
2
7
E
-
1
1

2
.
1
4
7
1
2
E
-
1
1

2
.
6
2
3
7
5
E
-
1
1

2
.
8
9
3
8
4
E
-
1
2

6
.
9
0
7
4
3
E
-
0
9

1
.
2
0
2
9
3
E
-
1
2

1
.
9
2
9
2
3
E
-
0
9

1
.
2
7
2
1
6
E
-
1
1

5
.
7
8
7
6
8
E
-
1
3

2
.
2
2
5
5
3
E
.
1
0

2.
15

62
E-

1l
i

4
.
9
1
5
5
6
E
-
1
0

1
.
3
6
1
8
1
 E
.
1
2 0 01

8
.
0
4
6
0
1
 E
-
1
1

2
.
9
0
5
1
9
E
-
1
2

2.
65

95
E-

10
|

1.
08

49
1 E

-l
lf

2
.
0
5
7
4
6
E
-
0
9

5.
15

92
1E

-1
0|

1.
50
13
9E
-1
0l
~

0

2
.
6
1
0
1
3
E
-
1
0 0|

3
.
4
0
4
5
2
E
-
1
3

4
.
7
1
1
8
6
E
-
1
1

5
.
7
7
6
3
4
E
-
1
1

5
.
4
2
0
1
9
E
-
0
9

: 
6
.
5
3
1
9
6
E
-
1
0

9
.
4
4
1
8
7
E
-
0
9

7
.
5
5
3
4
9
E
-
1
3

1
.
6
7
0
4
8
E
-
1
3

1
.
7
7
7
9
8
E
-
1
1

1
.
1
7
6
6
E
-
1
2

7
.
9
8
9
2
7
E
-
1
4

9
.
4
4
1
8
7
E
.
1
2

1
.
8
1
5
7
4
E
-
1
1

3
.
6
5
8
0
9
E
-
1
1

1
.
3
7
4
1
5
E
-
1
1

1
.
6
7
9
2
E
-
1
1

1
.
8
5
2
0
6
E
-
1
2

: 
4
.
4
2
0
7
6
E
-
0
9

7
.
6
9
8
7
5
E
-
1
3

1.
23
47
1E
-0
9 ̂

8
.
1
4
1
8
E
-
1
2

3
.
7
0
4
1
2
E
-
1
3

1
.
4
2
4
3
4
E
-
1
0
 .

1.
37

99
7E

-1
l|

3
.
1
4
5
9
6
E
-
1
0

8
.
7
1
5
5
7
E
-
1
3 0 o!

:
 5
.
1
4
9
4
5
E
-
1
1
 :

: 
1
.
8
5
9
3
2
E
-
1
2
:

1.
70
20
8E
-1
0|

6.
94
34
E-
I2
I

1
.
3
1
6
7
8
E
-
0
9

3.
30
18
9E
-1
0|

9.
60
89
2E
-1
l|

■
 0
-
-

1
.
6
7
0
4
8
E
-
1
0
:

o|
2
:
i
7
8
8
9
E
-
1
3

3
.
0
1
5
5
9
E
-
1
1

3
.
6
9
6
8
5
E
-
1
1



FA
CI
LI
TY
 t
P 
—
>

R
E
F
I
N
I
N
G
 C
A
P
A
C
n
Y
 (B

ar
re
ls
/d
ay
]

T
a
b
l
e
 A
5
.
 (
C
o
n
t
i
n
u
e
d
)

T
R
I
 R
e
l
e
a
a
e
s
 f
o
r

et
hy

le
ne

 g
l
y
c
d

Di
sp

os
it

io
n

T
R
I
 l
b
s
/
b
a
r
r
e
l
 o
f

L
B
S
/
Y
R
.
 c
ru
de
 i
n '

T
R
I
 I
b
s
A
b
 o
f
 c
r
u
d
e
 
3
.
0
7
%
 o
f
 c
r
u
d
e

In
*:

 
to

 e
th
yl
en
e'
:

6
4
%
 o
f 
et

hy
le

ne
 

T
R
I
 l
bs
/ 
lb

 o
f

1
3
%
 of

 e
th

yl
en

e 
ox
id
e 
to

 
et
hy
le
ne
 g
ly

co
l*

to
 e
th
yl
en
e 

et
hy

le
ne

 
(a
tt
ri
bu
te
d 
to
 o
il

ox
id

e*
: 

gl
yc
ol
':
 

re
fi
ne
ri
es
):

=
S
l
i

•
]
 u
 :i
 r
i:
!
•
{
•
]
 ?.
 
t
i
l̂
 I

i
2
i
a
«
e
3
W
f
l
i
M
a
n
w
]
7
i
i
a
;
M

■
s
m

s
E

im
s
?

™

w
iM

W
iy

e
iji

j;

E
n

s
a

a
n

lE
E

B
E

a
IK

S
IE

ia
E

!
F

!7
r

lid
i

ie
n i

3
1

iU
iy

3
ig

3
^

=
lli

n
i=

H
{M

^i
!l=

II
M

M
M

II
IM

II
 

I
I

iE
E

s
a

a
a

g
E

B
B

B
B

e

ad
ia

id
Ji

Jc
^y

w
.!

a
ii
m

a
ji
a

w
M

il
.

I
 I

I 
m

m
t 

I—
H

E
H

]:
S

a
E

!H
K

E
Z

B
3

jv
 r

.T
f.T

ir
a

«
i:
ii
rj

a
>

ja
:n

u

iiiT
»B

i»
Tp

!iT
ff»

as
uL

r
ji
n

a
iY

ii
i



>5 CO o> p <© ••-
» t 05 ® 5 iS rt
J S P V O P
I c ^ CO lO

iilUJUiUJlJJllJUIlilUjt

:cnipcox^n.3®p
,m ̂ r~c0(00>C~^«— ■
«Dvp^r^T-T-N.p
C0^C0Oh«T-P®O
>~ ; . CO c\i CO CO cy ;

T T y Y 9 "7 ?
UJ Ui Ul UJ UJ lil Hi
p c\j CO cvj T- lO P
r«» p »o Q o <5 ̂ •
00 ̂  op B p <5
S S 9 cy P CD:

•- o a CT> _C CD ̂

9 7T7i999T'"®9'"®®
ujujlLiiiuilijujujlijuiluiijlli iuuj
SSS§8SS2Sitl8S§S«S
31 S S 8 S R ; 8 i| S 15 S 2 3 :
<o«»edr^»^cDc*jeo<d ̂  :

|P CM ̂  0;i^' o O CO CM '

LiJ lii HI UJ UJ
' K* CM 5 ̂ CM
;  "S ^ P ̂  CM
;  o CM »- ® »- p
» S> p ffl p ̂  f».
;  >• W « CM P CM
1 P CO p CM

UiLUUiUIHIHtHJlHlil
P P P P Q ̂  P 1- T-
t^COCvOOCOCOPV
Kpph»i CMhoppP
PtCMpPOh-WP

p P P ^ CO CM flO

OOj^CJ^j-O^WOOO^JJNgOggPPgOCMCM^OO
HIHIHiUiUiUllli HiHIliiUl lHHiHIUIUJLLlUJlJLlHJHJHI 'Hi
PN-PCMh.pP CMPPnpppvcMmpa^m oi :: :;; coP N- P CM h. P P

UiUJUJLUUJHiHJUJUJUJUJUJHJHJ UJ Hi

a2§j?§2§5giaasss s ■ ^ gP P t- ̂  O) ■M- «
p p CO p »- rt
® ® T— CO n.p p p ^ c^ p p

CO f>

SSS333a2S3SfeSgS 3 ^sbssCOPPOWP'-«P®C^COOPr«. :^:: »-
r* CM CO CO ® CO *- ^ CO ^ V ^:-V: i:i O)

o ® g »- o ^ ̂  c
HJHJUIHJUl tULUlHlilUIHlHIUJLLI UIHIUIlHtHHILH

.. r>^COP» ^SPN.V^i-h.p \ P P P ^ CM CM CM
«i92^2SS CM®r».pr^h.®CMiv Qv^®®vh.-»4?y3®P®5B P5CMPPCM®^P «Ph«. r».ph.cMSoot^op PPPP-^^PO®XC0O)0>^-p PCMPCyWOOPCO • ^N-'-OPc^uCt-
o »- CM ▼- ® ® P ® P »- CM »- 'M' <- • rC CO <£> fj'

jgjJ^N^Og^PCMggCMCM'-C
HJHJHiUJHJHiUJUJHJHIHiHJUJUJ HISPCJO>'-®^P®^®p<MCMm

rt vPr^Qh-Oi-pocM®©©
®PN.PPOPC«-Mr»OCMCMI^»-
om®oPh>^pc6o®PCMPP

CM^ "♦Cft »-'<MCM

3 ""o UJ HJ Hi Hi Hi
u c p p p e ^
** « CO P P O COo ^ o P CM 5 C?
s? S ^ CM p ® rs.

®  CM CO CM

OOOCM^OPCMOOKOOOOCMN-O
7  777977797 7797
Hi UiUJUJUiHJQJHJUJUJ : UJHJHiUJS COPCOCM®CMP'»-P , : P^PP

co*»-r»*-c«-®ppp ppt-p
p  ppppp^^cMn pp^p

UJ HJ Hi HI Hi UJ Hi

P P T- p P K f>-:
gssssss
P ^ ® O P PJ
P P CM P ^ 0>

HJUJUJUJHJHJHJUJUJUJUiUJHJHJUJ

SgRSoSRggSSSgSfe
issagsgss8S3?2s
O-VPPPCOPP^CMt-PCMPP- .
CM CO y CO N CC) to CO ^ P p

O P ® ^ ^ P ® P P .

UIHIHIUJHIHJUJUJHJ
©^Qcyp^-pp®f-POcO'-CMpr^r^
yp'-ppcoop®
M-CM^-r-^^PCMCM
CM«CMTOPt-P*-«»
CMCMCM^^PCM»-^CO

HJ HJ UJ UJ UJ HJ UJ

8 3 3 3 3 8 8:»- p CO p h' o to
® ® p m p CM CD

f:j»-*-®p^tJv*-OPh.OP®:
977999997799799
HJUJUJHJUJHIUJHJHJUJUJUJLJJHJHJ
P®PPPP®P®fs. <OQT-h.p
®CM®®P®^CM^PPCMCMPv
PPO®PPPPP®V^CMPP
cMmcMr«>PCM^^ppcpnpcMN-
pT^^*-V'fl;p»-;05COcqec)poocq
P^i-'i-^CM^^riOPCMt-^Csi -M'^i--

tt 5^?RS ses|28§sfe 53Se8'°5'-
"-CM t^PT^ ®®y Bcoyoi : ® P IX O o{/) T- p « J / rC »-■ P* ® ^ ; CD g' P P : vy

^PP®OQ»x,-y>®5eO®i--
.: : : ;3S88~®SS3SS: :

:  0> Q O ^ CO ^ CO:: :gpp® - go

> O o g o o o g
•  - ^ i

o o o o"^

0  2 ' g : g g S 2 * : g 3 S : : : g C g g i; :g
1 a ^ ^ _s^s-oa^s2^s i s s ^ ^ t's ,i 1 L fe -a s ^ »-s a l a11 s ' I Is ' I s ^ I IS 111S:^ |S|| S ' 11« I Is ' 11 S:« r-

133^;
1 5 i o c
e cc cc >- c

o O ^O u. H. o :

CO W W CO J
,  ,,, D Q Q o:
J  Z Z Z Z (
c S 3 3 D D C! § o o ooI
: z a Q. £L a c
5 3 S S 2 S L
j o o o o o ;
> o o o o o «
■ ^ Q Q Q Q 1
^ 0 < < < < ;
; > HJ LU HJ i2 :
. I -J _l _l _J I

www : : :
O O Q
z z z
3 3 3
o o o
0. 0. 0.
2 5 5
o o o
o o o
UJ HI UJ
p p p _1 _J
UJ UJ HI O O

: :

d d d X tij tiZ Z Z $ _i _l

tDtllistDfc
S 2 S CM 2 S

££ES
C to tii Q
-J -J 3 U
>->>•>"
X X X X

lo to to lo
2 2 2 2

i=! y CD m c
Q Q O O C
O O P P c
-J u -i ^ .
>->-?->- 5
X I X X 3
to to lo to t
2 2 2 2:

^ X X X X
11 g o g o
3 3 X X C X
m m H h- I— H:

-1212 2 2 2 2 zlz
<

JIHJ 3 3• ^ < < HI

<<99^
zlziz z z zl



T
a
b
l
e
 A
5
.
 (
C
o
n
t
i
n
u
e
d
)

FA
CI

LI
TY

 I
D 
—
>

R
E
F
I
N
I
N
G
 C
A
P
A
C
I
T
Y
 (
B
a
r
r
e
l
a
/
d
a
i

T
R
I
 R
e
l
e
a
s
e
s
 f
o
r

et
hy

le
ne

 g
ly

co
l

C
h
e
m
i
c
a
l

N
-
H
E
X
A
N
E

N
-
H
E
X
A
N
E

N
-
H
E
X
A
N
E

N
I
C
K
E
L
 C
O
M
P
O
U
N
D
S

N
I
C
K
E
L
 C
O
M
P
O
U
N
D
S

N
I
C
K
E
L
 C
O
M
P
O
U
N
D
S

N
I
C
K
E
L
 C
O
M
P
O
U
N
D
S

N
I
T
R
A
T
E
 C
O
M
P
O
U
N
D
S

N
-
M
E
T
H
Y
L
-
2
-
P
Y
R
R
O
U
D
O
N
E

N
-
M
E
T
H
Y
L
-
2
-
P
y
R
R
O
U
D
O
N
E

N
-
M
E
T
H
Y
L
-
a
-
P
Y
R
R
O
L
I
D
O
N
E

O
-
X
Y
L
E
N
E

0
-
X
Y
L
E
N
E

O
-
X
Y
L
E
N
E

O
-
X
Y
L
E
N
E

P
-
X
Y
I
E
N
E

P
-
X
Y
L
E
N
E

P
-
X
Y
L
E
N
E

P
-
X
Y
L
E
N
E

P
H
E
N
A
N
T
H
R
E
N
E

P
H
E
N
A
N
T
H
R
E
N
E

P
H
E
N
A
N
T
H
R
E
N
E

P
H
E
N
A
N
T
H
R
E
N
E

P
H
E
N
O
L

P
H
E
N
O
L

P
H
E
N
O
L

P
H
E
N
O
L

P
H
E
N
O
L

P
H
E
N
O
L

P
H
O
S
P
H
O
R
I
C
 A
C
I
D

P
O
L
Y
C
Y
C
L
I
C
 A
R
O
M
A
T
I
C
 C
O
M
P
O
U
N
D
S

P
O
L
Y
C
Y
C
L
I
C
 A
R
O
M
A
T
I
C
 C
O
M
P
O
U
N
D
S

P
O
L
Y
C
Y
C
L
I
C
 A
R
O
M
A
T
I
C
 C
O
M
P
O
U
N
D
S

P
O
L
Y
C
Y
C
L
I
C
 A
R
O
M
A
T
I
C
 C
O
M
P
O
U
N
D
S

P
R
O
P
Y
L
E
N
E

P
R
O
P
Y
L
E
N
E

S
T
Y
R
E
N
E

S
T
Y
R
E
N
E

S
T
Y
R
E
N
E

S
U
L
F
U
R
I
C
 A
C
I
D

S
U
L
F
U
R
I
C
 A
C
I
D

T
E
R
T
-
B
U
T
Y
L
 A
L
C
O
H
O
L

T
E
T
R
A
C
H
L
O
R
O
E
T
H
Y
L
E
N
E

T
E
T
R
A
C
H
L
O
R
O
C
T
H
Y
L
E
N
E

T
E
T
R
A
C
H
L
O
R
O
E
T
H
Y
L
E
N
E

T
O
L
U
E
N
E

Di
sp

os
it

io
n^

Wa
te

r
La

nd
Of
f-
si
te
 T
r
a
n
s
f
e
r

Ai
r'

W
a
t
e
r

L
a
n
d

Of
f-
si
te
 T
r
a
n
s
f
e
r

I
 Wa

te
r 

]
Ai
r

L
a
n
d

Of
f-
si
te
 T
r
a
n
s
f
w
 

:

Ai
r

Wa
te

r
La
nd

j 
Of

f-
si

te
 Tr

an
sf

er
Ai

r

W
a
t
w

L
a
n
d

Of
f-
si
te
 T
r
a
n
s
f
e
r

Ai
r

Wa
te
r

La
rx

f
Of

f-
si

te
 T
r
a
n
s
f
e
r

;
 Ai

r:
":

 '
W
a
t
e
r

Ur
>d

er
gr

ou
nd

L
a
n
d

P
O
T
W
 T
r
a
n
s
f
e
r

Of
f-
si
te
 T
r
a
r
w
f
e
r

I 
Of
f-
si
te
 Tr

an
sf

er
 |

Ai
r

W
a
t
e
r

L
a
r
x
f

Of
f-
si
te
 T
r
a
n
s
f
e
r

J
 Ai

r 
I

I
 Wa

te
r 

|~
•

 A
i
r

L
a
r
x
f

Of
f-
si
te
 T
r
a
r
^
f
e
r

I
 Air

 
I

"I 
"O
ff
-s
it
eT
ra
ns
fe
r |

Ai
r

Ai
r

La
rx
f

I 
Of
f-
si
te
 Tr

an
sf

er
 
|

Ai
r

L
B
S
/
Y
R
.

14
3'

3
,
6
0
2

6
,
6
2
1

2
6
,
7
7
3

1
,
5
8
8

2
1
.
0
0
5

9
2
2
,
8
8
7

2,
63
2,
86
4!

1
0
0
,
1
0
9

7
0
0

1
6
0

8
8
,
5
0
0

^ 86
'

5,
34
9 

■
5
7
4
,
9
0
0

2
1

7
7

5
,
3
6
9

1
,
6
5
8

2
3

4
,
1
1
3

2
0
9
"

1
1
2
,
4
1
5

3
,
9
4
9

1
4
0
.
0
0
0

2
0
0

2
,
2
6
6

4
5

74
.7

50
|

1
5
,
1
0
9 4

8
,
7
0
5

4
4
1

96
7,

51
2!

jT
RI

 lb
s/

ba
rr

el
 of

 
1

c
r
u
d
e
 I
n ' 1
^
3
4
9
1
E
-
0
7
"

3.
11
06
E-
06

5
.
7
1
7
7
3
E
-
0
6

2
,
3
1
2
0
5
E
-
0
5

1
,
3
7
1
3
6
E
-
0
6

1
.
8
1
3
9
4
E
-
0
5

0
.
0
0
0
7
9
6
9
8
2

0
.
0
0
2
2
7
3
6
7
5
1

8
.
6
4
S
1
6
E
-
0
5

6
.
0
4
5
0
2
E
-
0
7

1
.
3
8
1
7
2
E
-
0
7

7
.
6
4
2
6
4
E
-
0
5

1
.
6
1
3
5
1
 E
-
O
e

7
.
4
2
6
7
4
E
-
0
8

4
.
6
1
9
2
6
E
-
0
6

0
.
0
0
0
4
9
6
4
6
9

1
.
8
1
3
5
1
E
-
0
8

6
.
6
4
9
5
3
E
-
0
8

4
.
6
3
6
5
3
E
-
0
6

1
.
4
3
i
e
i
E
-
0
6

1
.
9
8
6
2
2
E
-
0
8

3
.
5
5
1
6
e
E
-
0
6

1
.
8
0
4
8
7
E
-
0
7

9
.
7
0
7
8
8
E
-
0
5

3
.
4
1
0
2
6
E
-
0
6

0
.
0
0
0
1
2
0
9

1
.
7
2
7
1
5
E
-
0
7

1
.
9
5
6
8
6
E
-
0
6

3
.
6
8
6
0
9
E
-
0
6

6.
45

52
2E

-0
5I

1
.
3
0
4
7
8
E
-
0
5

3
.
4
5
4
3
E
-
0
9

7
.
5
1
7
4
2
E
-
0
6

3
.
8
0
8
3
7
E
-
0
7

0.
00
08
52
79
11

8.
20
39
6E
-0
8'
r

6
.
5
5
4
5
3
E
-
0
7

4
.
3
1
7
8
7
E
-
0
9

3
.
1
0
8
8
7
E
-
0
6

9.
71

17
6E

-0
6|

1.
03

62
9E

-0
8|

2
.
5
9
0
7
2
E
-
0
7

3
.
0
7
9
2
5
E
-
0
5

9
.
4
9
9
3
2
E
-
0
9

6
.
1
4
0
0
2
E
-
0
7

0
.
0
0
2
3
0
2
4
0
8

II 
lb

s/
lb

 o
f
 c
r
u
d
e

In
*:

4.
06

22
1E

-1
0'

1.
02

32
2E

-0
8"

1
.
8
8
0
8
3
E
-
0
8

7
.
6
0
5
4
2
E
-
0
8

4
.
5
1
1
0
4
E
-
0
9

5
.
9
6
6
9
1
 E
-
0
8

2
.
6
2
1
6
5
E
-
0
6

7.
47
92
E-
06
I

2
.
8
4
3
8
E
-
0
7

1
.
9
8
8
4
9
E
-
0
9

4
.
5
4
5
1
3
E
-
1
0

2
.
5
1
4
0
3
E
-
0
7

5
.
9
6
5
4
8
E
-
i
r

2
.
4
4
3
0
1
E
-
1
0

1.
51
94
9E
-0
8'

1
.
6
3
3
1
2
E
-
0
6

5
.
9
6
5
4
8
E
-
1
1

2
.
1
8
7
3
4
E
-
1
0

1
.
5
2
5
1
8
E
-
0
8

4
.
7
0
9
8
9
E
-
0
9

6
.
5
3
3
6
3
E
-
i
r

1.
16
83
eE
-0
8'

5.
93

70
8E

-1
0"

3
.
1
9
3
3
8
E
-
0
7

1
.
1
2
1
8
E
-
0
8

3
.
9
7
6
9
9
E
-
0
7

5
.
6
8
1
4
1
E
-
1
0

6
.
4
3
7
0
4
E
-
0
9

1
.
2
7
8
3
2
E
-
1
0

2.
12

34
3E

-0
7[

4
.
2
9
2
0
2
E
-
0
8

1
.
1
3
6
2
8
E
-
1
1

2
.
4
7
2
8
4
E
-
0
8

1
.
2
5
2
7
5
E
-
0
9

2.
80
52
3E
-0
6|

2.
69
86
7E
-1
0|

2
.
1
5
6
1
E
-
0
9

1
.
4
2
0
3
5
E
-
1
1

1
.
0
2
2
6
5
E
-
1
0

3.
19
46
6E
-0
8|

3.
40
68
5E
-1
1I

6
.
5
2
2
1
2
E
-
1
0

1
.
0
1
2
9
1
 E
-
0
7

3
.
1
2
4
7
8
E
-
i
r

2.
01
97
4E
-0
9"

7
.
5
7
3
7
1
 E
-
0
6

3
.
0
7
%
 o
f
 c
r
u
d
e

to
 e
th

yl
en

e*
:

1
.
2
4
8
3
2
E
-
1
1

3
.
1
4
4
3
8
E
-
1
0

5
.
7
7
9
8
3
E
-
1
0

2
.
3
3
7
1
6
E
-
0
9

1
.
3
8
6
2
5
E
-
1
0

1
.
8
3
3
6
4
E
-
0
9

8
.
0
5
6
3
8
E
-
0
8

2.
29

83
7E

-0
71

8
.
7
3
9
0
5
E
-
0
9

6
.
1
1
0
6
8
E
-
1
1

1
.
3
9
6
7
3
E
-
1
1

7
.
7
2
5
6
4
E
-
0
9

1
.
8
3
3
2
E
-
1
2

7
.
5
0
7
4
E
-
1
2

4
.
6
6
9
4
3
E
-
1
0

5
.
0
1
8
6
1
E
-
0
8

1
.
8
3
3
2
E
-
1
2

6
.
7
2
1
7
4
E
-
1
2

4
.
6
8
6
8
9
E
-
1
0

1
.
4
4
7
3
6
E
-
1
Q

2
.
0
0
7
7
9
E
-
1
2

3
.
5
9
0
4
6
E
-
1
0

1
.
8
2
4
4
7
E
-
1
1

9
.
8
1
3
3
1
 E
-
0
9

3
.
4
4
7
2
9
E
-
1
0

1
.
2
2
2
1
4
E
-
0
8

1
.
7
4
5
9
1
E
-
1
1

1
.
9
7
8
1
1
E
-
1
0

3
.
9
2
8
2
9
E
-
1
2

6.
52
53
3E
-0
9!

1
.
3
1
8
9
5
E
-
0
9

3
.
4
9
1
8
2
E
-
1
3

7
.
5
9
9
0
6
E
-
1
0

3
.
8
4
9
7
3
E
-
1
1

8.
62
Q5
2E
-0
8|

6.
29
3O
6E
-1
2I

6
.
6
2
5
7
2
E
-
1
1

4
.
3
6
4
7
7
E
-
1
3

3
.
1
4
2
6
3
E
-
1
2

9.
81
72
4E
-1
0|

I.
O4

75
4E

-1
2I

2
.
6
1
8
8
6
E
-
1
1

3
.
1
1
2
6
9
E
-
0
9

9.
60

24
9E

-1
3"

6.
20

67
E-

11
'

2
.
3
2
7
4
1
 E
-
0
7

1
3
%
 o
f
 e
th

yl
en

e
to
 e
th

yl
en

e

ox
id
e'
:

1
.
6
2
2
8
2
E
^

4
.
0
8
7
6
9
E
-
1
1

7
.
5
1
3
7
8
E
-
1
1

3
.
0
3
8
3
1
 E
-
1
0

1
.
8
0
2
1
3
E
-
1
1

2
.
3
8
3
7
3
E
-
1
0

1
.
0
4
7
3
3
E
-
0
8

2.
96

78
8E

-0
8|

1
.
1
3
6
0
6
E
-
0
9

7
.
9
4
3
8
8
E
-
1
2

1
.
8
1
5
7
4
E
-
1
2

1
.
0
0
4
3
3
E
-
0
9

2
.
3
8
3
1
6
E
-
1
3

9
.
7
5
9
6
2
E
-
1
3

6
.
0
7
0
2
6
E
-
1
1

6
.
5
2
4
1
9
E
-
0
9

2
.
3
8
3
1
6
E
-
1
3

8
.
7
3
8
2
7
E
-
1
3

6
.
0
9
2
9
6
E
-
1
1

1
.
8
8
1
5
6
E
-
1
1

2
.
6
1
0
1
3
E
-
1
3

4
.
6
6
7
6
E
-
1
1

2
.
3
7
1
8
2
E
-
1
2

1
.
2
7
5
7
3
E
-
0
9

4
.
4
8
1
4
8
E
-
1
t

1
.
5
8
8
7
8
E
-
0
9

2
.
2
6
9
6
8
E
.
1
2

2
.
5
7
1
5
5
E
-
1
1

5
.
1
0
6
7
8
E
-
1
3

8.
48

29
3E

-1
0{

1
.
7
1
4
6
3
E
-
1
0

4
.
5
3
9
3
6
E
-
1
4

9
.
8
7
8
7
8
E
-
1
1

5
.
0
0
4
6
4
E
-
1
2

1.
12

Q6
7E

-0
8|

1.
07
81
 E-

12
|

8
.
6
1
3
4
3
E
-
1
2

5
.
6
7
4
2
E
-
1
4

4
.
0
8
5
4
2
E
-
1
3

1.
27

62
4E

-1
0|

1.
36
18
1 E

-I
3I

3
.
4
0
4
5
2
E
-
1
2

4
.
0
4
6
5
E
-
1
0

1.
24
e3
2E
-1
3'

8.
06
87
1E
-1
2'

3
.
0
2
5
6
4
E
-
0
6

6
4
%
 o
f 
et

hy
le

ne
o
x
i
d
e
 t
o

et
hy

le
ne

gl
yc

ol
^:

1.
03
86
1E
-1
2'

2
.
6
1
6
1
2
E
-
i
r

4.
80
68
2E
-1
1'

1
.
9
4
4
5
2
E
-
1
0

1
.
1
5
3
3
6
E
-
1
1

1
.
5
2
5
5
9
E
.
1
0

6
.
7
0
2
9
1
 E
-
0
9

1.
91
22
4E
-0
8!

7
.
2
7
0
8
9
E
-
1
0

5
.
0
B
4
0
8
E
-
1
2

1
.
1
6
2
0
8
E
-
1
2

6
.
4
2
7
7
3
E
-
1
Q

1.
52
52
2E
-1
3"

6.
24

61
6E

-1
3"

3
.
8
8
4
9
7
E
-
i
r

4
.
1
7
5
4
8
E
-
0
9

1
.
5
2
5
2
2
E
-
1
3

5
.
5
9
2
4
9
E
-
1
3

3
.
8
9
9
4
9
E
-
1
1

1
.
2
0
4
2
E
-
1
1

1.
67
04
8E
-1
3"

2.
98

72
6E

-H
 "

1.
51
79
6E
-1
2"

'
 8
.
1
6
4
6
7
E
-
1
0

2
.
8
6
8
1
5
E
-
1
T

1
.
0
1
6
8
2
E
-
0
9

1
.
4
5
2
6
E
.
1
2

1
.
6
4
5
7
9
E
-
1
1

3
.
2
6
8
3
4
E
-
1
3

5.
42
90
7E
-1
01

1
.
0
9
7
3
6
E
-
1
0

2
.
9
0
5
1
9
E
-
1
4

6
.
3
2
2
4
2
E
-
1
1

3
.
2
0
2
9
7
E
-
1
2

7.
17
22
8E
-0
9r

6.
89
98
3E
^

5
.
5
1
2
6
E
-
1
2

3
.
6
3
1
4
9
E
-
1
4

2
.
6
1
4
6
7
E
-
1
3

8.
16
79
4E
-1
1|

8.
71

55
7E

-1
4|

2
.
1
7
8
8
9
E
-
1
2

2
.
5
8
9
7
6
E
-
1
0

7
.
9
8
9
2
7
E
-
1
4

5
.
1
6
3
9
8
E
-
1
2

1
.
9
3
6
4
1
 E
-
O
a

T
R
I
 l
b
s
/
 l
b
 o
f

et
hy
le
ne
 g
ly

co
f*

(a
tt
ri
bu
te
d 
to
 o
il

re
fi
ne
ri
es
):

2
.
4
7
8
4
9
E
^

6
.
2
4
3
0
2
E
-
0
9

1
.
1
4
7
5
6
E
-
0
8

4
.
6
4
0
3
2
E
-
O
8

2
.
7
5
2
3
4
E
-
0
9

3
.
6
4
0
6
1
 E
-
0
8

1
.
5
9
9
5
6
E
-
0
6

4
.
5
6
3
3
1
 E
-
0
6

1
.
7
3
5
1
E
-
0
7

1
.
2
1
3
2
5
E
-
0
9

2
.
7
7
3
1
4
E
-
1
0

1
.
5
3
3
8
9
E
-
0
7

3
.
6
3
9
7
4
E
-
1
1

1.
49

05
6E

-1
0

9
.
2
7
0
9
4
E
-
0
9

9
.
9
6
4
2
2
E
-
0
7

3
.
6
3
9
7
4
E
-
1
1

1
.
3
3
4
5
7
E
-
1
0

9
.
3
0
5
6
E
-
0
9

2
.
B
7
3
6
6
E
-
0
9

3
.
9
8
6
3
8
E
-
1
1

7
.
1
2
8
6
9
E
-
0
9

3
.
6
2
2
4
1
E
-
1
0

1
.
9
4
8
3
9
E
-
0
7

6
.
8
4
4
4
5
E
-
0
9

:
 2
.
4
2
6
4
9
E
-
0
7

3
.
4
6
6
4
2
E
-
1
0

3
.
9
2
7
4
5
E
-
0
9

7
.
7
9
9
4
5
E
-
1
1

1
.
2
9
5
5
7
E
-
0
7

2
.
6
1
8
7
1
E
-
0
8

6
.
9
3
2
8
4
E
-
1
2

1
.
5
O
0
7
6
E
-
O
8

:
 7
.
6
4
3
4
6
E
-
t
0

1
.
7
1
1
5
7
E
-
0
6

1
.
6
4
6
5
5
E
-
1
6

1
.
3
1
5
5
i
e
-
0
9

&
6
6
6
0
5
E
-
1
2

6
.
2
3
9
5
6
E
-
1
1

1
.
9
4
9
1
7
E
-
0
8

2
.
0
7
9
8
5
E
-
1
1

5
.
1
9
9
6
3
E
-
1
0

6
.
1
8
0
1
1
E
-
0
8

1
.
9
0
6
5
3
E
-
1
1

1
.
2
3
2
3
1
 E
-
0
9

4
.
6
2
0
9
7
E
-
0
e



F
A
C
I
U
T
Y
 I
P 
—
>

R
E
F
I
N
I
N
G
 C
A
P
A
C
m
r
 (B

ar
re
ia
/d
ay
l

T
a
b
l
e
 A
5
.
 (
C
o
n
t
i
n
u
e
d
)

»
»
6
»
7
C
M
V
H
>
t
f
O
B
O
X

29
50

00
"

T
R
I
 R
e
l
e
a
s
e
s
 f
o
r

e
t
h
y
l
e
n
e
 g
ly
co
l

Di
sp

os
it

io
n^

T
R
I
 l
b
s
/
b
a
r
r
e
l
 o
f

L
B
S
/
Y
R
.
 c
ru
de
 I
n*

T
R
I
 l
bs

/l
b 
o
f
 c
r
u
d
e
 
3
.
0
7
%
 o
f
 c
r
u
d
e

In
*;

 
to
 e
th
yl
en
e'
:

6
4
%
 o
f
 e
th

yl
en

e 
T
R
I
I
b
s
/
l
b
o
f

1
3
%
 o
f 
et
hy
le
ne
 

ox
id
e 
to

 
et
hy
le
ne
 g
ly

co
l*

to
 e
th

yl
en

e 
et
hy
le
ne
 

(a
tt
ri
bu
te
d 
to
 o
il

ox
id

e*
: 

gl
yc
ol
^ 

re
fi

ne
ri

es
):

n
n
F
f
i
n
r
m

l?
Tl
Tf

s
m

i
f
i
M
m

H
i

m
s
s
m
m
s
m

I
^
l
£
y
g
i
5
f
l
3
£
j
|

m

1 ^
 W
^
B
B
i
l
i
'
i
'
i
U
i
 1

1 
li 
^ 

I

H
n
a
a

E
E
E
B
S
a

E
E
H
S
B

E
i
m
a
B



T
a
b
l
e
 A
5
.
 (
C
o
n
t
i
n
u
e
d
)

C
H
R
O
M
I
U
M
 C
O
M
P
O
U
N
D
S

C
H
R
O
M
I
U
M
 C
O
M
P
O
U
N
D
S

C
H
R
O
M
I
U
M
 C
O
M
P
O
U
N
D
S

TR
I 
CO
NT
RI
BU
TI
ON
 F
R
O
M
 P
S
 C
H
E
M
I
C
A
L
 P
L
A
N
T

-
 I 

ET
HY

LE
NE

G
L
Y
C
O
L

FA
CI
Lm
T^

F
A
C
I
U
T
Y
 I
D 
—
>
 

I 
77
»C
r7
HC
HS
TB
SC
eB

FA
CI

UT
Y 
CA
PA
CI
TY
 
'
 

(L
BS
/Y
R>
—>
 

61
5,
00
0,
01

«

C
i
S
R
W
i
m
i

*
•
 
t

"
»
v
r
s
«

a
w



T
a
b
l
e
 A
5
.
 (
C
o
n
t
i
n
u
e
d
)

TR
t 
CO
NT
RI
BU
TI
ON
 F
R
O
M
 P
S
 C
H
E
M
I
C
A
L
 P
L
A
N
T

I
 ET
HY
LE
NE

G
L
Y
C
O
L

F
A
C
I
L
I
T
Y

F
A
C
I
U
T
Y
 I
D 
~
>
 

77
80
7H
CH
ST
9S
O?
B

FA
CI

UT
Y 
CA

PA
CI

TY
 
'
 

(L
BS

AT
R)

—>
 

61
5,

00
0,

0

Ch
em

ic
al

C
H
R
O
M
I
U
M
 C
O
M
P
O
U
N
D
S
 

:
C
O
B
A
L
T
 C
O
M
P
O
U
N
D
S

C
O
B
A
L
T
 C
O
M
P
O
U
N
D
S

C
O
B
A
L
T
 C
O
M
P
O
U
N
D
S

C
O
P
P
E
R
 C
O
M
P
O
U
N
D
S

C
O
P
P
E
R
 C
O
M
P
O
U
N
D
S

C
O
P
P
E
R
 C
O
M
P
O
U
N
D
S

C
O
P
P
E
R
 C
O
M
P
O
U
N
D
S

C
R
E
S
O
L
 (
M
I
X
E
D
 I
S
O
M
E
R
S
)

C
R
E
S
O
L
 (
M
I
X
E
D
 I
S
O
M
E
R
S
)

C
R
E
S
O
L
 (
M
I
X
E
D
 I
S
O
M
E
R
S
)

C
R
E
S
O
L
 (
M
I
X
E
D
 I
S
O
M
E
R
S
)

C
U
M
E
N
E

C
U
M
E
N
E

C
U
M
E
N
E

C
Y
C
L
O
H
E
X
A
N
E

C
Y
C
L
O
H
E
X
A
N
E

C
Y
C
L
O
H
E
X
A
N
E

C
Y
C
L
O
H
E
X
A
N
E

1
,
2
-
D
I
B
R
O
M
O
E
r
H
A
N
E

1
,
2
-
D
I
B
R
O
M
O
E
T
H
A
N
E

U
-
D
I
C
H
L
O
R
O
E
T
H
A
N
E

D
I
E
T
H
A
N
O
L
A
M
I
N
E

D
I
E
T
H
A
N
O
L
A
M
I
N
E
 :

D
I
E
T
H
Y
L
 S
U
L
F
A
T
E

E
T
H
Y
L
 A
C
R
Y
L
A
T
E

E
T
H
Y
L
 A
C
R
Y
L
A
T
E

E
T
H
Y
L
B
E
N
Z
E
N
E

E
T
H
Y
L
B
E
N
Z
E
N
E

E
T
H
Y
L
B
E
N
Z
E
N
E

E
T
H
Y
L
B
E
N
Z
E
N
E

E
T
H
Y
L
B
E
N
Z
E
N
E

E
T
H
Y
L
B
E
N
Z
E
N
E

E
T
H
Y
L
E
N
E

E
T
H
Y
L
E
N
E

E
T
H
Y
L
E
N
E
 G
L
Y
C
O
L

E
T
H
Y
L
E
N
E
 G
L
Y
C
O
L

E
T
H
Y
L
E
N
E
 G
L
Y
C
O
L

E
T
H
Y
L
E
N
E
 G
L
Y
C
O
L

E
T
H
Y
L
E
N
E
 G
L
Y
C
O
L

E
T
H
Y
L
E
N
E
 O
X
I
D
E

E
T
H
Y
L
E
N
E
 O
X
I
D
E

E
T
H
Y
L
E
N
E
 O
X
I
D
E

E
T
H
Y
L
E
N
E
 O
X
I
D
E

F
O
R
M
A
L
D
E
H
Y
D
E

F
O
R
M
A
L
D
E
H
Y
D
E

Di
sp

os
it

io
n 
|

:
 O
ft
-s
lt
e 
T
r
a
n
s
f
e
r
 i

Ai
r

La
nd

Of
f-

si
te

 T
r
a
n
s
f
e
r

Ai
r

W
a
t
e
r

L
a
n
d

Of
f-
si
te
 T
r
a
n
s
f
e
r

Ai
r

Wa
te

r
Un
de
rg
rc
Ki
nd
 

_
Of

f-
si

te
 T
r
a
r
«
f
e
r

Ai
r

W
a
t
e
r

W
-
s
i
t
e
 T
r
a
n
s
f
e
r

W
r

Wa
te

r
La
nd
 

I
Of

f-
si

te
 T
r
a
n
s
f
e
r

Ai
r

W
a
t
e
r

Ai
r 

I
A
i
r

Of
f-
si
te
 T
r
a
n
s
f
e
r

Of
f-
si
te
 T
ra
ns
fe
r |

A
i
r

Of
f-
si
te
 T
r
a
n
s
f
e
r

Ai
r

Wa
te

r
U
n
d
e
r
g
r
o
u
n
d

La
nd

P
O
T
W
 T
ra

ns
fe

r 
_

Of
f-
si
te
 T
ra

r^
fw

 |
Ai

r

Of
f-

si
te

 T
ra
ns
fe
r,

Ai
r

Un
de
rg
ro
un
d 

_
P
O
T
W
 T
ra

ns
fe

r 
_

Wa
te

r
Of

f-
si

te
 T
r
a
n
s
f
e
r

Ai
r

Un
de
rg
ro
un
d

P
O
T
W
 T
r
a
n
s
f
e
r

Of
f-
si
te
 T
r
a
n
s
f
M
*

Air
 

I
Un

de
rg

ro
un

d 
I

A
n
n
u
a
l
 T
R
I
 

T
R
I
 l
bs
 p
er

 l
b 
o
f

re
le
as
es
 (I

bs
/y

r)
 

et
fi
yl
en
e 
gl
yc
d "

f
r
o
m
 f
ac

il
it

y 
(a
tt
ri
bu
te
d 
to

pr
od
uc
in
g 

et
hy

le
ne

 g
ly
co
l

et
hy

le
ne

 g
ly
co
l:
 

ch
em

ic
al

 p
la
nt
):

3.
29
3,
14
71

6
,
0
0
0

6
8
7
,
2
6
4

1,
90
0!

0
.
0
0
6
2
1
4
8
4
S
j

1
.
1
3
2
3
2
E
-
0
5

0
.
0
0
1
2
9
7
0
0
6
 ,

3.
5a

56
9E

-0
6|

0
.
0
0
0
2
1
3
8
2 0

0.
00
04
22
16
8|

0.
01

29
90

76
^

0.
00
07
48
65
^

1.
16

45
9E

-0
5|

3
.
6
8
0
0
5
E
-
0
5

4
.
1
8
9
6
E
-
0
5

2
.
2
6
4
6
5
E
-
0
6

1
.
9
7
5
9
E
-
0
6

1.
09

08
E-

06
|

6
.
3
7
8
7
5
E
-
0
9



T
a
b
l
e
 A
5
.
 (
C
o
n
t
i
n
u
e
d
)

•
 4
T
.
 [
•f

il
l:

]!
:!

?

I
 I e
 I
 

j
.
T
H
 I

a
t
i
i
m
a
s
i
a
i
i
u
i
i
i

■ m
m

1

m

M
I
I
.
I
.
M
M
M
I
I
.
I
.
M

m
I
3
a
l

i
l
i

7
R
B
1

E
E



T
a
b
l
e
 A
5
.
 (
C
o
n
t
i
n
u
e
d
)

TR
I 
C
O
N
T
R
I
B
U
T
I
O
N
 F
R
O
M
 P
S
 C
H
E
M
I
C
A
L
 P
L
A
N
T

I
 CT
HY

LE
NE

G
L
Y
C
O
L

F
A
c
i
L
m
r
"

FA
CI
LI
TY
 I
D 
*—
> 

77
S0
7H
CH
ST
»S
(a
fl

"
 FA
Ci
UT
Y 
ca

pa
ci

ty
' (
LB
S/
YR
)~
> 

61
5,
00
0.
0

C
h
e
m
i
c
a
l

N
-
H
E
X
A
N
E

N
-
H
E
X
A
N
E

N
-
H
E
X
A
N
E

N
I
C
K
E
L
 C
O
M
P
O
U
N
D
S

N
I
C
K
E
L
 C
O
M
P
O
U
N
D
S

N
I
C
K
E
L
 C
O
M
P
O
U
N
D
S

N
I
C
K
E
L
 C
O
M
P
O
U
N
D
S

N
I
T
R
A
T
E
 C
O
M
P
O
U
N
D
S

N
-
M
E
T
H
Y
L
-
2
-
P
Y
R
R
O
L
I
O
O
N
E

N
-
M
E
T
H
Y
L
-
2
-
P
Y
R
R
O
U
D
O
N
E

N
-
M
E
T
H
Y
L
-
2
-
P
Y
R
R
O
U
D
O
N
E

0
-
X
Y
L
E
N
E

0
-
X
Y
L
E
N
E

0
-
X
Y
L
E
N
E

0
-
X
Y
L
E
N
E

P
-
X
Y
L
E
N
E

P
-
X
Y
L
E
N
E

P
-
X
Y
L
E
N
E

P
-
X
Y
L
E
N
E

P
H
E
N
A
N
T
H
R
E
N
E

P
H
E
N
A
N
T
H
R
E
N
E

P
H
E
N
A
N
T
H
R
E
N
E

P
H
E
N
A
N
T
H
R
E
N
E

P
H
O
S
P
H
O
R
I
C
 A
C
I
D

P
O
L
Y
C
Y
C
L
I
C
 A
R
O
M
A
T
I
C
 C
O
M
P
O
U
N
D
S

P
O
L
Y
C
Y
C
L
I
C
 A
R
O
M
A
T
I
C
 C
O
M
P
O
U
N
D
S

P
O
L
Y
C
Y
C
L
I
C
 A
R
O
M
A
T
I
C
 C
O
M
P
O
U
N
D
S

P
O
L
Y
C
Y
C
L
I
C
 A
R
O
M
A
T
I
C
 C
O
M
P
O
U
N
D
S

P
R
O
P
Y
L
E
N
E

S
T
Y
R
E
N
E

S
T
Y
R
E
N
E

S
T
Y
R
E
N
E

S
U
L
F
U
R
I
C
 A
CI

D
S
U
L
F
U
R
I
C
 A
C
I
D

T
E
R
T
-
B
U
T
Y
L
 A
L
C
O
H
O
L

T
E
T
R
A
C
H
L
O
R
O
E
T
H
Y
L
E
N
E

T
E
T
R
A
C
H
L
O
R
O
E
T
H
Y
L
E
N
E

T
E
T
R
A
C
H
L
O
R
O
E
T
H
Y
L
E
N
E

T
O
L
U
E
N
E

Di
ap
es
lt
io
n*

Wa
te

r
La
nd

O
f
i
-
s
l
t
e
T
r
a
r
^
f
e
r

Ai
r

W
a
t
e
r

L
a
n
d

Of
f-
si
te
 T
r
a
n
s
f
e
r

W
a
t
e
r

A
i
r

L
a
n
d

Of
f-
si
te
 T
r
a
n
s
f
e
r

Ai
r

Wa
te

r
La
nd

Of
f-

si
te

 T
r
a
n
s
f
e
r

A
i
r

W
a
t
e
r

L
a
n
d

O
H
-
s
l
t
e
 T
r
a
n
s
f
e
r

A
i
r

Wa
te

r
La
nd

Of
f-
si
te
 T
r
a
n
s
f
e
r

A
r
u
i
u
a
l
 T
R
I

re
le
as
es
 (I

bs
/y
r)

f
r
o
m
 f
ac

il
it

y
p
r
o
d
u
c
i
n
g

et
hy
le
ne
 g
ly

co
l;

T
R
I
 l
bs
 p
e
r
 l
b 
o
f

et
hy
le
ne
 g
ly

co
l

(a
tt
ri
bu
te
d 
to

et
hy
le
ne
 g
ly

co
l

c
h
e
m
i
c
a
l
 p
te
nt
):

T
R
I
 l
b
s
 p
e
r
 l
b 
o
f

eU
iy

le
ne

 g
ly

co
l

(a
tt
ri
bu
te
d 
to

 o
il

r
e
f
i
n
e
r
i
e
s
 a
n
d

et
hy

le
ne

 g
ly

co
l

c
h
e
m
i
c
a
l
 p
la

nt
):

Ai
r

L
a
n
d

Of
f-
si
te
 T
r
a
n
s
f
e
r

_
 Ai

r
Of
f-
si
te
 T
r
a
n
s
f
e
r

Ai
r

A|
r

La
rn
i

Of
f-
si
te
 T
r
a
n
s
f
e
r

A
i
r

0
2
.
4
7
8
4
9
E
-
1
0

0
6
.
2
4
3
0
2
E
-
0
9

0
1
.
1
4
7
5
6
E
-
0
8

0
4
.
6
4
0
3
2
E
-
0
8

0
2
.
7
5
2
3
4
E
-
0
9

0
3
.
6
4
0
6
1
 E
-
0
8

0
1
.
5
9
9
5
6
E
-
0
6

Ol
4
.
5
6
3
3
1
 E
-
0
6

0
1
.
7
3
5
1
E
-
0
7

0
1
.
2
1
3
2
5
E
-
0
9

0
2
.
7
7
3
1
4
E
-
1
0

1
.
5
3
3
8
9
E
-
0
7

0
3
.
6
3
9
7
4
E
-
1
1

0
1
.
4
9
0
5
6
E
-
1
0

0
9
.
2
7
0
9
4
E
-
0
9

0
9
.
9
6
4
2
2
E
-
0
7

0
3
.
6
3
9
7
4
E
-
1
1

0
1
.
3
3
4
5
7
E
-
1
0

0
9
.
3
0
5
6
E
-
0
9

0
2
.
8
7
3
6
6
E
-
0
9

0
3
.
9
8
6
3
8
E
-
1
1

0
7
.
1
2
8
6
9
E
-
0
9

0
3
.
6
2
2
4
1
E
-
1
0

P
O
T
W
 T
r
a
n
s
f
e
r

Of
f-
si
te
 T
r
a
n
s
f
e
r

Of
f-

si
te

 T
r
a
n
s
f
e
r

Of
f-

si
te

 T
r
a
n
s
f
e
r

1
.
3
1
5
5
1
E
-
0
9

8
.
6
6
6
0
5
E
-
1
2

6
.
2
3
9
5
6
E
-
1
1

1
.
9
4
9
1
7
E
-
0
B

2
.
0
7
9
8
5
E
-
1
1

5
.
1
9
9
6
3
E
-
1
0

6
.
1
8
0
1
1
E
-
0
8

1
.
9
0
6
5
3
E
-
1
1

1
.
2
3
2
3
1
 E
-
O
g

4
.
8
0
0
2
6
E
-
0
6



T
a
b
l
e
 A
5
.
 (
C
o
n
t
i
n
u
e
d
)



Table A5. (Continued)

FOOTNOTES

Info on the top ten facilities by capacity for the petroleum refining industry comes from
the website for the Sector Facility Indexing Project: Petroleum Refining Data Access,
<http://es.epa.gov/oeca/sfi/petdata.htm>, obtained October 1999. The TRI release data
for each facility comes from the Right-to-Know Network environmental database for
facility TRIs. <http://www rtknet.org/triinputfacility.html>, obtained October 1999.

^ Under the "Disposition" column, the category "air" includes fugitive and stack
emissions.

^ TRI lbs/barrel of crude in was computed by: (?? Ibs/yr of the TRI chemical totaled for
the ten refineries) divided by (365 days/yr) divided by (3,689,000 bbl of crude in/day -
total of the plant capacities for the ten refineries) divided by (0.8600)

The 0 8600 (or 86%) value is the refining capacity factor which represents % of
capacity at which the refinery is actually operating. It was calculated by taking each
annual total U.S. refinery throughput divided by each yearly U.S. refimng total capacity
for the years 1987 -1993, and averaging the values. These values were obtained from the
International Petroleum Encyclopedia, 1995 edition. These were the only years that U.S.
refinery throughput and capacity values were both available, and were thus used to

estimate the actual rate at which the ten refineries were actually operating. Note that the
throughput values were reported m the literature as "calendar days", and the capacity
values were reported as just "days." It was assumed that these terms each refer to a 365
day year. See further Table 1 in the bottom nght comer of this worksheet (starting at cell
Y252) for the calculation of the facility capacity factor.

Conversion of "bbls of crade" to "lbs of crade", using the density of cmde: bbls of
crade in X 42 US gal/bbl X 3.785ee3 cm3/gal X 0.8673 g crade in/cm3 X 1 lb/ 453.6 g;
or, a factor of 304.0 lbs of crade in/bbl of crade in. On this basis, the ten refineries

processed 352 bilhon Ibs/yr of crade for the year 1996, at 86% capacity.
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Table A5. (Continued)

The density of the crade was the average of nine crude oils from the United States and
seven crude oils from other countries, this resulted m an average API (American
Petroleum Institute) gravity of 31.7 degrees, or specific gravity of 0.8692. The data came
from Tables P-13 and P-14 on pages 851-2 of Chemical and Process Technology
Encyclopedia, Douglas M. Considine, editor-in-chief, McGraw-Hill Book Company,
New York: 1974. The data from the tables was copyrighted to the Universal Oil
Products Company, 1973. (API, in degrees = [141.5/specific gravity @ 60/60] - 131.5).

^Calculating the 3.07% value: 48.4 billion Ibs/yr ethylene divided by 1.575 tnlliion lbs
crude/yr. The ethylene value comes from CMR (1997), ethylene demand for 1996.

® From the Chemical Profile of Ethylene found in the Chemical Marketing Reporter
(CMR), 1997.

<http://chemexpo.com/news/newsframe.cfm?framebody=/news/profile.cfm>

^ From the Chemical Profile of Ethylene Oxide found m the Chemical Marketing
Reporter (CMR), 1996.

<http://chemexpo.com/news/newsframe.cfm'^framebody=/news/profile.cfin>

^ Conversion factor: "TRI lbs/lb crude" multiplied by "1.575 trillion lbs crude/yr" divided
by "6 6 billion Ibs/yr Ethylene Glycol (from CMR, 1996 - this value is the demand for
1996)" = "238.6 lbs crude/lb Ethylene Glycol".

^ Facility Capacity obtained from CMR report on Ethylene Glycol, 1996. Note that
according to The Chemical Guide to the United States this facility produced five
chemicals in 1996: 1. Acetic acid, 2030 million Ibs/yr (1998) 2. Ethyleene glycol, 615
million Ibs/yr (1996) 3. ethylene oxide, 590 million Ibs/yr (1996) 4 vinyl acetate (esters),
585 million Ibs/yr (1998) 5. acrylic acid, 425 million Ibs/yr (1996)

The TRI release data for this facility comes from the Right-to-Know Network
environmental database for facility TRIs. <http://www.rtknet.org/triinputfaciltty.htm1:>
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Table A5. (Continued)

" TRI lbs/lb of EG was computed by; (?? Ibs/yr of the TRI chemical attributed to the EG
chemical plant) divided by (615,000,000 Ibs/yr - facility capacity) divided by (0.8616 -
the facility capacity factor). The 0.8616 (or ~ 86%) value is the facility capacity factor
which represents % of capacity at which the facility is actually operating. It was
calculated by taking each yearly U.S. demand value (considered to approximate the
throughput) divided by each yearly U.S capacity for 141 different chemicals, and

averaging the values. These values were obtained from ChemExpo, accessed November
1999, available from <http7/www chemexpo.coin>, and make up all the chemicals listed
in the "chemical profile archives." See further Table 2 m the bottom right comer of this
worksheet (starting at cell AD263) for the calculation of the facility capacity factor.
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Table Bl. CMR Chemicals and Facility Capacity Factor

^Demand "Capacity
No ^Name ^Date (milhons of lbs) (millions of lbs) Capacity factor

1 1,4-butanediol 1997 615 760 0 8092

2 a-methylstyrene 1995 120 123 0.9756

3 ma-methylstyrene 1998 155 159 0 9748

4 abs resins 1997 1600 1920 0.8333

5 acetaminophen (in metnc tons) 1997 29000 39000 07436

6 acetic acid 1998 4100 5544 07395

7 acetic anhydnde 1998 2100 2785 0.7540

8 acetylene 1996 350 431 0 8121

9 acrylamide 1996 125 190 0 6579

10 acrylic acid 1996 1470 1785 0.8235

11 acrylonitnle 1997 3440 3560 0 9663

12 activated carbon 1998 375 465 0 8065

13 adipic acid 1998 2000 2260 0 8850

14 alpha olefins 1998 3000 3121 0 9612

15 ammonium phosphates 1995 8 9215 0.0009

16 anilme 1996 1400 1430 0.9790

17 ascorbic acid 1998 40 41 0 9756

18 benzene 1996 1900 2748 0 6914

19 benzonc acid 1996 235 235 10000

20 bht 1996 20 27 0.7407

21 bisphenol-a 1998 1800 1895 0 9499

22 borates (in short tons) 1997 695000 900000 0.7722

23 bromine 1997 435 635 0 6850

24 butadiene 1997 4700 4260 1.1033

25 butyl rubber (m metnc tons) 1997 220000 312000 0 7051

26 calcium chlonde (in short tons) 1999 900,000 2265000 0 3974

27 calcium hypochlonte (m short tons) 1997 100000 116500 0 8584

28 caprolactam 1998 1600 1680 0 9524

29 carbon black 1997 3440 300 114667

30 carbon disulfide 1997 220 350 0 6286

caustic potash (in thousands of short

31 tons) 1998 425 549 0.7741

32 chromic acid (in short tons) 1997 72000 78000 0.9231

33 chlorine (in thousands of short tons) 1997 13700 14080 0 9730

34 chloroacetic acid 1997 92 95 0 9684

35 chlorofonn 1997 520 720 07222

36 chloroparaffins 1996 92 222 04144

37 citnc acid 1998 450 445 10112

38 cmc 1997 77 57.5 13391

39 cresylics 1996 116 240 04833

40 cumene 1996 5500 6260 0 8786

(^Source: adapted from ChemExpo web site, accessed November 1999. Under headings
"Chemical Profiles," "ChemExpo Profile Archives;" <http://www.chemexpo com>)
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T able B1 (Continued)

No ^Name ^Date

^Demand

(milhons of lbs)

^Capacity
(milhons of lbs) Capacity factor

41 cyclohexane 1998 435 553 0 7866

42 cyclohexylamine 1998 21 50 04200

43 dicyclopentadiene 1996 340 445 0 7640

44 diethylene glycol 1998 775 879 0 8817

45 dimer acid 1998 105 170 0 6176

46 dipropylene 1998 108 131 0.8244

47 ep rubber (in metnc tons) 1997 288000 ,381000 07559

48 ethane 1997 265 ~  1885 01406

49 ethanolammes 1998 845 1160 0 7284

50 ethylbenzene 1995 12500 12705 0 9839

51 ethyl acetate 1997 335 300 1 1167

52 ethylene 1997 49600 52526 0 9443

53 ethylenamines 1997 310 390 0 7949

54 ehtylene dichlonde 1997 23600 30530 0.7730

55 ethylene glycol 1996 6600 7780 0 8483

56 ethylene oxide 1995 7600 7715 0 9851

57 2-ethyIhexanol 1996 775 865 0 8960

58 feme chlonde (in tons) 1997 255000 578000 04412

59 formaldehyde 1998 9600 11304 0 8493

60 glycenne 1998 460 522 5 0 8804

61 hydrochloric acid (in inilhons of tons) 1995 3 42 6 935 0.4932

62 hydrofluoric acid (in metnc tons) 1997 247000 371000 0 6658

63 hydrogen cyanide 1998 1440 1827 07882

64 hydrogen peroxide 1998 1260 1656 0.7609

65 isopropanol 1998 1400 1820 0.7692

66 hnear alkylbenzene 1998 850 1130 0 7522

67 ma-methylstyrene 1998 155 159 0 9748

68 maleic anhydride 1998 560 580 0 9655

69 melamine 1996 260 245 1.0612

70 methanol 1998

00
o

21400 0 0050

71 methylammes 1997 318 535 0.5944

72 methyl chlonde 1997 670 790 0 8481

73 methyl ethyl ketone 1996 545 595 0.9160
74 methyl isobutyl ketone 1996 175 220 0 7955

75 methyl methacrylate 1996 1180 1515 0.7789

76 methylene chloride 1997 325 430 07558

77 methylene diisocyanate 1996 1140 1215 0 9383

78 monochlorbenzene 1996 185 370 0 5000

79 napthalene 1996 240 350 0 6857

80 naphthenic acid 1996 20 28 0.7143

81 n-butanol 1996 1400 1760 07955

82 n-butyl acetate 1996 310 345 0 8986

83 nitrobenzene 1996 1600 1750 0 9143

84 nitnle rubber (m metnc tons) 1997 122000 137000 0 8905

85 nonylphenol 1997 225 338 0 6657
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T able B1 (Continued)

No "Name "Date

"Demand

(milhons of lbs)

"Capacity
(milhons of lbs) Capacity factor

86 n-paraffins 1998 705 910 07747

87 orthoxylene 1995 965 1155 0.8355

88 o-dichlorobenzene 1996 35 81 04321

89 p-dichlorobenzene 1996 75 130 0 5769

90 paraxylene 1998 7925 10080 07862

91 perchloroethylene 1997 290 355 0 8169

92 pentaerythitntol 1997 140 158 0 8861

93 PET (in million metnc tons) 1996 132 2.22 0 5946

94 phenol 1996 4100 4165 0 9844

95 phosgene 1996 2600 3011 0 8635

96 phosphorus (m short tons) 1997 350000 342000 10234

97 phosphorus oxychlonde (in short tons) 1997 35000 41000 0 8537

98 phosphorus pentasulfide (m short tons) 1997 60000 105000 0 5714

99 phosphorus trichloride (in short tons) 1997 200000 359000 0 5571

100 phthalic anhydride 1998 1050 1250 0.8400

101 polybutadiene (in metric tons) 1997 532000 740000 0.7189

102 polybutenes 1996 750 910 0 8242

103 polycarbonate 1996 800 1035 0 7729

104

polychloroprene (in thousands of

metnc tons) 1996 70000 163000 0.4294

105 polyethylene-HD 1998 12700 10005 12694

106 polyethylene-LD 1997 7660 8025 0 9545

107 polypropylene 1997 12100 12873 0.9400

108 polystyrene 1997 6200 7380 0 8401

109 polyvinyl alcohol 1998 315 325 0.9692

110 polyvinyl chlonde 1997 14200 14861 0.9555

111 potash (in millions of short tons) 1997 14 3 15.4 0.9286

112 propiomc acid 1997 250 319 0.7837

113 propylene 1995 24700 30225 0.8172

114 propylene glycol 1998 1050 1312 0.8003

115 propylene oxide 1998 3200 4650 0.6882

116 PTA/DMT 1998 9500 10043 0.9459

117 soda ash (in thosands of short tons) 1997 11800 13350 0 8839

118 sodium bicarbonate (m short tons) 1997 540000 703000 07681

119 sodium bichromate (in short tons) 1997 150000 172000 0.8721

120 sodium chlorate (m short tons) 1996 1750000 1950000 0 8974

121 sodium hydrosulfide (m short tons) 1997 112000 136500 0.8205

122 sodium hydrosulflte (in short tons) 1997 92000 108600 0.8471

123

sodium silicates (m millions of short

tons) 1998 127 1423 0.8925
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Table Bl. (Continued)

^Demand ^Capacity
No ^Name ®Date (imlhons of lbs) (millions of lbs) Capacity factor

sodium sulfate (m thousands of short

124 tons) 1998 645 1926 0 3349

sodium sulfite (m thousands of short

125 tons) 1998 102 258 0 3953

126 sorbitol 1998 515 595 0 8655

127 SB rubber (in metnc tons) 1997 900000 1045000 0 8612

128 STPP (m thousands of short tons) 1998 262 555 04721

129 styrene 1998 11700 12320 0.9497

sulfur dioxide (m thousands of short

130 tons) 1997 390 509 0 7662

sulfunc acid (m thousands of short

131 tons) 1997 6000 6400 0.9375

132 tall oil (in thousands of short tons) 1997 970 1022 0 9491

133 titanium dioxide (in metric tons) 1997 1175 1622 0 7244

134 TKPP (in thousands of short tons) 1998 315 52 0 6058

135 toluene didsocyanate 1996 900 930 0 9677

136 trichloroethylene 1997 190 320 0 5938

137 tnethylene glycol 1998 137 237 0 5781

138 urea (m thousands of short tons) 1997 5430 7852 0 6915

139 vmyl acetate 1998 3000 3727 0.8049

140 vinyl chlonde 1997 14500 16630 0 8719

zinc sulfate (m thousands of short

141 tons) 1997 56 5 93 0 6075

Average Facility Capaaty Factor: 0.8616

Note: Mefbanol capacity was reported in millions of gallons/yr Converted to 21,400 million lbs/year

using specific gravity of 0.792g/cm'. This value is two orders of magnitude higher than the demand.
It is assumed that there is an error in the CMR report. Assummg the correct capacity is nearly equal

to the demand, the capacity factor average would change only one tenth of a percent, from from 86%

to 87%
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May 5,1997

POLYSTYRENE

PRODUCER CAPACITY*

70

30

80

American Polymers, Oxford, Mass.
American Polystyrene, Torrance, Calif.
BASF, Holyoke, Mass.
BASF, Joliet, 111. 480
BASF, Santa Ana, Calif. 70
BASF, South Brunswick, N.J 175
Chevron, Marietta, Ohio 520
Dart Polymers, Owensboro, Ky 70
Deltech, Troy, Ohio 150
Dow, Allyn's Point, Conn. 160
Dow, Hanging Rock, Ohio 135
Dow, Joliet, 111. 280
Dow, Midland, Mich. 275
Dow, Pevely, Mo. 160
Dow, Sarnia, Ontario 260
Dow, Torrance, Calif. 235
Fina, Carville, La. 1,050
GE-Huntsman, Selkirk, N.Y. 100
Huntsman, Belpre, Ohio 490
Huntsman, Chesapeake, Va. 450
Huntsman, Joliet, 111. 255
Huntsman, Peru, 111. 305
Huntsman, Willow Springs, 111. 75
Kama, Hazleton, Pa. 75
Nova, Addyston, Ohio 80
Nova, Beaver Valley, Pa. 375
Nova, Decatur, Ala. 380
Nova, Montreal, Quebec 130
Nova, Painesville, Ohio 70
Nova, Springfield, Mass. 275
Scott Polymers, Fort Worth, Tex. 120

Total 7,380

*Milhons of pounds of polystyrene resins supplied ̂  crystal,
impact and expandable beads. Most capacity for solid crystal
and impact resins is flexible. American Polymers is in the
midst of an expansion, expected to be complete by the end of
the year, that will add about 30 milhon pounds of impact

Figure B1. CMR Chemical Profile of Polystyrene

(Source: ChemExpo web site, accessed November 1999f. Under headings "Chemical
Profiles," "ChemExpo Profile Archives," "Polystyrene, May 5,1997;" available at
<http://www.chemexpo.com>)
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polystyrene capacity. BASF has scheduled a 240-milhon-
pound high-impact polystyrene line at Joliet to come on line
m the third quarter of 1998 A 315-million-pound general-
purpose polystyrene unit is due on line at BASF's Altamira
site m Mexico at mid-year. Chevron plans to add 250 million
pounds of capacity at Manetta Dow Chemical, which has
global PS capacity of some 3 7 billion pounds at 19 plants,
plans to add 2 billion pounds of additional capacity by the
year 2006. The additions will be made through expansion and
debottleneckmg of existing units and investment m new
world-scale plants, each of which the company says will have
capacity of at least 260 million pounds per year. Fma has
brought on a 25 -million-pound expansion and made
incremental additions at Carville to raise capacity from 730
million pounds m 1994. Huntsman acquired Amoco
Chemical's polystyrene business including plants at Willow
Spnngs and Joliet, 111., in December 1996 and is
debottleneckmg the Joliet plant to add 200 million pounds by
fourth quarter 1997. The company has closed its 45-milhon-
pound EPS plant at Rome, Ga, and shifted the production to
Peru, 111 Nova acquired Arco Chemical's expandable
polystyrene and engineering resins businesses, including
plants at Beaver Valley, Pa., and Pamesville, Ohio, in October
1996 Tenneco Packaging (formerly Packaging Corporation of
America) mothballed its 65-milhon-pound plant at City of
Industry, Calif., m March 1997. Total North Amencan
polystyrene capacity is approximately 8 billion pounds, with
Canada and Mexico each accounting for about 400 million
pounds annually. Profile last published 4/25/94, this revision,
5/5/97.

DEMAND

1996* 6.1 billion pounds; 1997* 6 2 billion pounds; 2001: 7 2
billion pounds. (Includes exports of about 580 million pounds
in 1996, but not imports of 230 million pounds)

GROWTH

Histoncal (1987-1996): 2.5 percent per year; future- 3 percent
per year through 2001.

Figure B1 (Continued)
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PRICE

Histoncal (1981-1996). High, 60c. per pound, bulk cryst.,
hopper cars fit. alld.; low, 40c. per pound, same basis
Current: bulk, cryst., hopper cars, fh. alld., 41.5c. per pound,
impact, same basis, 45c. per pound; expandable beads, pkgmg
grade, 1,000-lb. lots, same basis, 74c per pound.

USES

Packaging and one-time use, 40 percent, resellers and
compounding, 15 percent; expandable polystyrene beads, 13
percent; consumer and institutional products, 13 percent,
electronics, 12 percent; furniture, building and construction, 5
percent; other, 2 percent.

STRENGTH

Polystyrene use m consumer and institutional products,
including toys, housewares and medical and personal care
items, continues to grow m excess of the overall market.
Medical use, though increasing fî om a small base, is projected
to average 6 percent growth annually over the next few years.

WEAKNESS

Producers' attempts at margin improvement over the past year
have been largely thwarted by stiff consumer resistance and
fierce competition Most recently, an attempted 3-cent
increase m February was followed by a 3-cent TVA m March
because market conditions didn't support the increase

OUTLOOK

Polystyrene sales and captive use was up nearly 6 percent last
year, according to Society of the Plastics Industry While the
PS market won't match that performance m 1997, forecasts
for major packaging and consumer segments remain bullish
overall and a 3 to 4 percent increase is not unreasonable.
Longer term, expansion and consolidation efforts of the past
two years are expected to benefit the US industry. Four top
producers now account for approximately 70 percent of
capacity.

F igure B1 (Continued)
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