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ABOUT CTAP

ABOUT THE CRiTICAL
TRENDS ASSESSMENT
PROJECT

The Critical Trends Assessment Project (CTAP) is an

on-going process established to describe changes in

ecological conditions in Illinois. The initial two-year

efifort involved staff of the Illinois Department of

Energy and Natural Resources (ENR), including the

Office of Research and Planning, the Geological,

Natural History and Water surveys and the Hazardous

Waste Research and Information Center. They

worked with the assistance of the Illinois Environ-

mental Protection Agency and the Illinois depart-

ments of Agriculture, Conservation, Mines and

Minerals, Nuclear Safety, Public Health, and Trans-

portation (Division of Water Resources), among

other agencies.

CTAP investigators adopted a "source-receptor"

model as the basis for analysis. Sources were defined

as human activities that affect environmental and

ecological conditions and were split into categories

as follows: manufacturing, transportation, urban

dynamics, resource extraction, electricity generation

and transmission, and waste systems. Receptors in-

cluded forests, agro-ecosystems, streams and rivers,

lakes, prairies and savannas, wetlands, and human

populations.

The results are contained in a seven-volume technical

report. The Changing Illinois Environment: Critical

Trends, consisting of Volume 1 : Air Resources,

Volume 2: Water Resources, Volume 3: Ecological

Resources, Volume 4: Earth Resources, Volume 5:

Waste Generation and Management, Volume 6:

Sources of Environmental Stress, and Volume 7:

Bibliography. Volumes 1-6 are synopsized in a

summary report

The next step in the CTAP process is to develop,

test, and implement tools to systematically monitor

changes in ecological and environmental conditions

in Illinois. Given real-world constraints on budgets

and human resources, this has to be done in a practi-

cal and cost-effective way, using new technologies

for monitoring, data collection and assessments.

As part of this effort, CTAP participants have begun

to use advanced geographic information systems

(GIS) and satellite imagery to map changes in Illi-

nois' ecosystems and to develop ecological indicators

(similar in concept to economic indicators) that can

be evaluated for their use in long-term monitoring.

The intent is to recruit, train, and organize networks

of people— high school science classes, citizen vol-

unteer groups — to supplement scientific data collec-

tion to help gauge trends in ecological conditions.

Many of the databases developed during the project

are available to the public as either spreadsheet files

OT ARC-INFO files. Individuals who wish to obtain

additional information or participate in CTAP
programs may call 217/r785-0138, TDD customers

may call 217/785-0211, or persons may write:

Critical Trends Assessment Project

Office of Research and Planning

Illinois Department of Energy and Natural Resources

325 West Adams Street, Room 300

Springfield, IL 62704-1892

Copies of the summary report and volumes 1-7 of

the technical report are available from the ENR
Clearinghouse at 1/800/252-8955. TDD customers

call 1/800/526-0844, the Illinois Relay Center.

CTAP information and forum discussions can also

be accessed electronically at 1/800/528-5486.
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FOREWORD

"If we could first know where we are

and whither we are tending,

we could better judge what we do

and how to do it..."

Abraham Lincoln

Imagine that we knew nothing about the size,

direction, and composition of our economy. We
would each know a little, i.e., what was happening to

us directly, but none of us would know much about

the broader trends in the economy — the level or rate

of housing starts, interest rates, retail sales, trade

deficits, or unemployment rates. We might react to

things that happened to us directly, or react to events

that we had heard about— events that may or may
not have actually occurred.

Fortunately, the information base on economic trends

is extensive, is updated regularly, and is easily

accessible. Designed to describe the condition of the

economy and how it is changing, the information

base provides the foundation for both economic

policy and personal finance decisions. Typical

economic decisions are all framed by empirical

knowledge about what is happening in the general

economy. Without it, we would have no rational way

of timing these decisions and no way of judging

whether they were correct relative to trends in the

general economy.

Unfortunately, this is not the case with regard to

changes in environmental conditions. Environmental

data has generally been collected for regulatory and

management purposes, using information systems

designed to answer very site-, pollutant-, or species-

specific questions. This effort has been essential in

achieving the many pollution control successes of the

last generation. However, it does not provide a

systematic, empirical database similar to the eco-

nomic database which describes trends in the general

environment and provides a foundation for both

environmental policy and, perhaps more importantly,

personal decisions. The Critical Trends Assessment

Project (CTAP) is designed to begin developing such

a database.

As a first step, CTAP investigators inventoried

existing data to determine what is known and not

known about historical ecological conditions and to

identify meaningful trends. Three geno'al conclu-

sions can be drawn from CTAP's initial investiga-

tions:

Conclusion No. 1: The emission and discharge of

regulated pollutants over the past 20 years has

decUned, in some cases dramatically. Among the

findings:

Between 1973 and 1989, air emissions of

particulate matter fiom manufacturing have

dropped 87%, those of sulfur oxides 67%,

nitrogen oxides 69%, hydrocarbons 45%, and

carbon monoxide 59%.

Emissions fi'om cars and light trucks of both

carbon monoxide and volatile organic com-

pounds were down 47% in 1991 bom 1973

levels.

• Lead concentrations were down substantially in

all areas of the state over the 1978-1990 period,

reflecting the phase-out of leaded gasoline.

From 1987 to 1992, major municipal sewage

treatment facilities showed reductions in k>ading

of biological/carbonaceous oxygen demand,

ammonia, total suspended solids and chlorine

residuals that ranged from 25 to 72%.

• Emissions into streams of chromium, copper,

cyanide, and phenols from major non-municipal

manufacturing and utility facilities (most of them

industrial) also showed declines over the years

1987-1992 ranging from 37% to 53%.

Conclusion No. 2: Existing data suggest that the

condition of natural ecosystems in Illinois is rapidly

declining as a result of fragmentation and continual

stress. Among the findings:

• Forest fragmentation has reduced the ability of

Illinois forests to maintain biological integrity.

In one Illinois forest, neotropical migrant birds

that once accounted for more than 75% of

breeding birds now make up less than half those

numbers.

11
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• In the past century, one in seven native fish

species in Lake Michigan was either extirpated

or suffered severe population crashes and exotics

have assumed the roles of major predators and

major forage species.

• Four of five of the state's prairie remnants are

smaller than ten acres and one in three is smaller

than one acre— too small to function as self-

sustaining ecosystems.

• Long-term records of mussel populations for four

rivers in east central Illinois reveal large reduc-

tions in numb^s of all species over the last 40

years, s^Tparently as suitable habitat was lost to

siltation and other changes.

• Exotic species invasions of Illinois forests are

increasing in severity and scope.

Conclusion No. 3: Data designed to monitor compli-

ance with environmental regulations or the status of

individual species are not sufficient to assess ecosys-

tem health statewide. Among the findings:

• Researchers must describe the spatial contours of

air pollutant concentrations statewide using a

limited number of sampling sites concentrated in

Chicago and the East St. Louis metro area.

• Much more research is needed on the ecology of

large rivers, in particular the effects of human

manipulation.

• The length of Illinois' longest stream gaging

records is generally not sufficient to identify

fluctuations that recur less firequently than every

few decades.

• The Sediment Benchmark Network was set up in

1981 with some 120 instream sediment data

stations; by 1990 the network had shrunk to 40

stations, the majority of which have data for only

one to three years.

CTAP is designed to begin to help address the

complex problems Illinois faces in making environ-

mental policy on a sound ecosystem basis. The next

edition of the Critical Trends Assessment Project, two

years hence, should have more answers about trends

in Illinois' environmental and ecological conditions

to help determine an effective and economical

environmental policy for Illinois.

iU
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VOLUME SUMMARY

VOLUME SUMMARY

This summary highlights the major trends found in

the CTAP waste generation and management report.

It is organized in roughly the same way as the

technical report; a discussion of solid waste

generation, the Toxic Release Inventory (TRI), and

issues related to waste management and remediation.

The number of environmental laws has grown over

time. Wastes and discharges have been regulated at

the federal, state and local level in a piecemeal

fashion. The various environmental media (air, land,

and water) have traditionally been treated separately,

each having a distinct set of laws and regulations.

However, the recent trend is toward multi-media

regulation as reflected in the Toxic Release Inventory

reporting requirements.

WASTE GENERATION

Long term data for wastes are difficult to find and

interpret. Information is quite limited before the mid-

1980s. Existing information was collected to meet

specific regulatory needs and frequently is unsuitable

for other uses. Adding to the difficulty is the fact

that the definitions and reporting requirements change

often, resulting in year to year data that are frequently

not comparable.

Environmental laws and regulations have increased in

number and complexity over the past few decades.

Compliance with these regulations has changed the

way wastes are perceived and managed. Command
and control regulations helped create the economic

incentive to foster progress towards prevention. The

current trend in waste management is to develop

voluntary programs which encourage companies to

reduce the volume and toxicity of wastes generated.

At the federal level, solid wastes are regulated under

the Resource Conservation and Recovery Act

(RCRA) and are generally categorized as hazardous

or nonhazardous. The definition of hazardous waste

has changed over time and includes only a portion of

the wastes that potentially threaten human health and

the environment.

In Illinois, solid waste management is regulated by

the Illinois Environmental Protection Act and Title 35

of the Illinois regulations. The regulations identify

some solid wastes as "special wastes" including

almost all industrial process, pollution control and

wastes considered hazardous under the federal

system. About 85% of Illinois' special wastes are not

regulated under RCRA but are subject to state

permitting and reporting requirements. Other wastes

including municipal solid wastes, mineral extraction

wastes, medical wastes and low level radioactive

wastes may be subject to a combination of federal

and state legislation.

Municipal Solid Waste

Municipal solid waste (MSW) includes such items as

durable goods, food packaging, and miscellaneous

inorganic wastes discarded from homes, commercial

facilities and industry. Nationwide, MSW accounts

for about 1% of the total solid waste generated. The

national per capita MSW generation rate has

increased from 2.66 pounds per day in 1960 to 4.3

pounds per day in 1990. While the bulk of MSW has

traditionally been landfilled, by 1990 approximately

17% was recovered for recycling and reuse

nationally.

lEPA reports statewide solid waste generation based

on estimated pounds per person per day (ppd) factors.

In 1987, Illinois solid waste generation rate was

estimated at 4.7 ppd for non-urban areas and 5.5 ppd

for urban areas. By 1992, the estimated solid waste

generation rate rose to 6.2 ppd. TTiese generation

rates are not directly comparable to U.S. statistics as

the type of Illinois waste considered in the

calculations include more than just MSW.

National statistics estimate that MSW consists of

about 37.5% paper and paperboard products. 17.9%

yard waste and over 8% each of plastics and metals

by weight. Illinois 1986 estimates of the composition

of Illinois MSW (not including yard waste) show that

paper products comprise the largest part of the MSW
stream by weight. Non-durable paper comprised

26.7%, total paper packaging 24% and corrugated

boxes 16.6%.

Hazardous Waste

Over 1000 Illinois industrial facilities are subject to

hazardous waste regulation. Between 1982 and 1989

these companies reported generating between 400 and

500 million gallons of hazardous waste annually. In

1990 this figure jumped to over 1.4 billion gallons

largely because of a definition change that brought

VIII
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certain common oil refinery wastes into the hazardous

waste category.

Available information shows that the bulk of Illinois'

hazardous waste is produced at a small number of

facilities. About two-thirds was generated at oil

refineries in 1990. Other industries accounting for

large volumes of waste include metal platers,

fabricators and finishers and paint producers.

About 90% of Illinois' hazardous waste is managed at

the site of generation. The remainder is shipped to

permitted treatment, storage, management or

recycling (TSDR) facilities either in Illinois or out-of-

state. However, about half of the facilities that

generate hazardous waste send it off-site since it is

not economical for them to treat, store or dispose of

it on-site. Most of the waste is generated in a few

counties with high population density or large

industrial facilities.

Until 1985, Illinois exported more hazardous waste

than it imported from other states. In 1990 out-of-

state imports to Illinois commercial facilities equaled

the amount sent to those facilities by Illinois industry.

Industrial Waste

In Illinois, nonhazardous industrial waste is

considered special waste and comprises over 80% of

all Illinois special waste. Special wastes are subject

to manifesting and reporting requirements. Most of

the available information about industrial wastes in

Illinois is derived from manifest information.

A 1980 study initiated by lEPA reported that 20.3

million tons of industrial wastes were generated in

Illinois including 8.1 million tons of coal mining

waste. This study did not make the distinction

between nonhazardous and hazardous industrial

wastes. Based on 1990 manifest information, 12.26

million tons of nonhazardous special waste was

generated in Illinois.

On-site disposal of industrial waste is quite common
in Illinois. In 1980 approximately 60% of all

industrial waste was managed on-site. Available

information for 1990 nonhazardous special wastes

estimates on-site disposal to account for 73% of all

nonhazardous special waste managed.

Approximately 84% of nonhazardous special waste

generated in Illinois are managed in the state's

landfills. Other management alternatives for

industrial wastes in the state include treatment,

recycling or incineration.

In the U.S., the largest amounts of nonhazardous

industrial waste are produced by the pulp and paper,

primary metals, electric power generation and

inorganic chemicals industries. Illinois figures for

1980 identified the chemical and allied products

industry as generating the largest volume of industrial

waste (almost 7.5 million tons out of 12.8 million

tons generated statewide). In 1990, the industries

producing the largest quantities of industrial process

waste included chemicals and allied products, primary

metals and petroleum products.

Medical Waste

Medical waste has a confusing regulatory history, as

it was largely considered a municipal waste until

recently. Federal agencies have defined it in ways

designed to protect either health workers or as a solid

waste. Illinois has over 14,000 medical facilities

including hospitals, labs and dental clinics. These are

the largest generators of medical waste. Veterinary

clinics, funeral homes and similar facilities add to the

potential universe of generators.

Approximately 85% of the medical waste stream

poses no greater threat than household waste unless it

contains infectious items. Sharp instruments found in

waste and the potentially infectious components pose

the largest threat. Illinois has regulated infectious

waste since 1985 and in 1991 passed legislation to

greatly increase the regulation of these wastes.

The number of hospitals and beds declined sharply

between 1972 and 1989, during which time surgical

procedures increased by 21%. The use of disposable

plastic and paper items continues to increase,

indicating that waste disposal problems will continue.

Medical wastes generally contain about 95% paper

and plastic making incineration on-site a primary

means of disposal at medical facilities. Small

incinerators are used. These may be inefficient and

result in inconsistent effectiveness due to frequent

start ups, part-time operators, variations in the waste

stream and other reasons. New regulations are

pushing medical waste management toward the use of

off-site facilities and autoclaving.

IX
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Low Level Radioactive Waste

Low Level Radioactive waste (LLW) refers to

unusable radioactive materials and materials that have

been radioactively contaminated. The management of

LLW is regulated by state and federal agencies.

Since 1985 Illinois generators of LLW have been

required to provide information to the Illinois

Department of Nuclear Safety about the quantities

and types of LLW stored or shipped.

It was estimated in 1991 that there were 347 LLW
generators in Illinois. The bulk of these are medical

facilities. The number of LLW generators has

increased from 245 in 1984. Over 274,000 cubic feet

of LLW was shipped off-site from Illinois generators

in 1991. The volume of LLW shipped has fluctuated

due to one-time events. Over 90% of the LLW
shipped from Illinois generators is from reactors.

Other types of generators (fuel-cycle, medical,

industrial, academic and governmental) shipped

proportionally large volumes in the early years of

reporting but these volumes have since declined. The

total amount of radioactivity shipped (as measured in

curies) fluctuates dramatically depending upon the

specific conditions of the use or process in any given

year.

Mineral Extraction Wastes

Illinois has mined coal for over 180 years. Over 250

thousand acres of land have been affected by surface

or strip mining of coal throughout the state. Of

these, approximately 103,000 acres were disturbed

prior to the state's first mining reclamation law in

1962. Wastes deposited and abandoned during this

time were not subject to reclamation treatment of any

kind. Between 1962 and 1977, approximately 84,000

acres were disturbed and wastes were subject to

increasingly restrictive regulations. Since 1977, about

68,000 acres have been disturbed and all of the

wastes disposed on these acres have been subject to

the strictest reclamation laws.

Based on production statistics, over 18 million tons of

coal related wastes were generated in Illinois in 1991.

Illinois coal mining-related laws are intended to

protect the environment. Although environmental

degradation occasionally occurs in relation to postlaw

mining, most environmental problems are associated

with prelaw abandoned sites. Abandoned mine waste

refuse piles and unreclaimed soil represent potential

sources of air pollution, erosion, and runoff

(sedimentation), water pollution and aesthetic

degradation. Approximately 9,000 eligible acres of

prelaw wastes are still exposed to weathering that

may break them down and release contaminants

through erosion and runoff.

Minerals other than coal that are mined in Illinois

include sand and gravel, microcrystalline silica

(tripoli), ganister, novaculite, silica sand, stone, clay,

shale, peat, and fluorspar. Direct mining of lead and

zinc, primarily in northwestern Illinois, peaked in the

1850's and most of these mines were closed by 1975.

Historical and current recovery of noncoal minerals

has been documented at 1,870 sites across the state.

Of these inventoried sites, between 450 and 700 (as

of 1993) are active, noncoal mineral extraction sites.

The Illinois Department of Mines and Minerals

estimates, based on mine waste permits issued during

the last 20 years, that acreage affected by noncoal

extraction waste disposal is about 500 acres. Of

these acres, about 250 are currently in use, primarily

as slurry ponds.

Regulation of generation and management of oil and

gas waste has begun in order to minimize potentially

adverse environmental impacts. Mismanagement of

the large volumes of produced water presents a

greater risk to the natural environment and human

welfare than does the disposal of other wastes

generated by the oil and gas industry. Improper

disposal of produced water (brine) has the potential to

severely impact agricultural lands, crops, forests,

streams, aquatic life, surface water, and groundwater.

Oil production is on the decline in Illinois, so waste

production associated with new drilling and well

completion is also on the decline. Waste production

associated with pumping oil from older wells is,

however, on the rise because the ratio of produced

water to oil is increasing as reservoirs become

depleted.

Toxic Release Inventory

The Toxic Release Inventory (TRI) reports the release

of over 300 chemicals to all environmental media. It

is based on data reported by companies in compliance

with the Emergency Planning and Community Right-

to Know Act. The data base is quite useful but

suffers from such problems as changing reporting

requirements and estimated release amounts. As the

only set of multi-media information about toxic

substances released to the environment, TRI is useful

for understanding the different ways that wastes may
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be managed and what management trade-offs result

from changes in process or regulatory requirements.

In 1991, 1301 Illinois facilities reported releasing

311.3 million pounds of toxic chemicals to the air,

land, water and off-site facilities. This contrasts with

938 facilities reporting in 1987. The 1991 report was

the first to include information about specific source

reduction activities undertaken by reporting facilities

and expanded the reporting of off-site transfers to

include recycling activities. As the result of some of

these changes in reporting requirements, the average

total release per facility has varied from 177,386 to

237,911 pounds.

Hydrochloric acid was the TRI chemical released in

Illinois in the largest volume in 1991 - over 35.6

million pounds. It has consistently been one of the

top chemicals released. Releases of zinc and zinc

compounds, sulfuric acid and copper and copper

compounds all exceeded 23 million pounds in 1991.

Transfers to off-site facilities in 1991 accounted for

42.2% of total releases. Air releases (fugitive and

stack) and POTW releases accounted for 44.5% of

TRI chemicals. Off-site transfer was most commonly

used in 1991 for metals, energy and solvent recovery.

Landfills and surface impoundments were often also

the final destination of TRI chemicals.

The chemical and metals industries in Illinois have

consistently been major contributors of TRI chemicals

to the environment. Over 65% of the 1991 releases

were from two industry groups; 117.8 million

pounds were released from the chemical and allied

product industry and 85.9 million pounds were from

primary metals facilities.

The 1991 source reduction data estimated that 14.17

million pounds of reductions occurred between 1990

and 1991 as the result of activities undertaken by TRI

facilities. Process modifications accounted for the

largest portion of reductions - 8.67 million pounds.

Over 37% of the reported reductions were from the

chemical industry.

The geographic distribution of TRI releases and

reporting facilities follows state industrial patterns.

The Chicago and St. Louis metropolitan areas

contribute large amounts of TRI chemicals.

WASTE MANAGEMENT

Landfills

For most of the 20th century, land disposal was the

primary means of discarding solid waste in Illinois.

It often took the form of an open dump or pit where

waste was occasionally burned. Sanitary landfills

became common after 1970, but often lacked liners

and other protection. Regulations before 1975

frequently related only to litter control and disease

vectors. Eventually public concern over groundwater

contamination and related matters made landfills

controversial.

Prior to 1981 Illinois landfills were sited wherever a

developer could obtain a permit from lEPA. After

that, the state's siting law, SB- 172, required that such

regional pollution control facilities obtain siting

approval from the local government (before

construction) in addition to receiving lEPA permits.

SB- 172 has been controversial as it placed great

power in the hands of local governments where

landfills were planned for construction or expansion.

However, between 1981 and 1988, 62% of landfill

requests were approved at the local level.

The Pollution Control Board promulgated

comprehensive landfill regulations in 1990 which

when implemented greatly increase landfill safety.

The regulations require liners, leachate collection,

monitoring and other measures to protect

groundwater. Additionally they require setbacks from

wells, airports and other facilities and consideration

of factors such as nearby natural areas.

Historically there are over 3000 identified sites in

Illinois that at one time harbored a landfill or open

dump. In 1987 there were 146 permitted

nonhazardous landfills, a number that dropped to 106

by 1992. Changing landfill regulations are expected

to help decrease this to 64 by the end of 1993.

lEPA surveys landfills annually to obtain estimates of

remaining capacity. Despite the decreasing number

of landfills, capacity has remained fairly steady.

Estimated capacity rose from 273.6 million cubic

yards in 1987 to 372.2 million in 1992. It's believed

that this increase is largely due to the fact that new

landfills are quite large.

The quantity of solid waste disposed in Illinois

landfills has recently varied between 15.3 and 14.1
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million tons per year. Landfilled hazardous waste

varied between 194 and 359 thousand tons.

Fees charged at landfills have risen dramatically. In

the Chicago area fees rose from $6.60 per ton in

1981 to $19.03 in 1989. In 1992 the average fee in

Illinois was $7.42 per cubic yard and varied from

$3.00 to $17.67. In contrast, fees for landfill disposal

in some Northeastern states are over $100 per ton.

Recycling

Managing solid wastes through recycling has become

an increasingly important tool to prolong landfill

capacity in Illinois. By the early 1970's some Illinois

companies and community organizations had already

begun recycling programs. The passage of the Solid

Waste Management Act of 1986, mandated goals for

community recycling efforts were established, and

lead to increased recycling by local governments.

For example, the total tons of newsprint recycled in

the town of McHenry rose from 153 in 1973 to 2664

tons in 1991.

In 1992, lEPA estimated that 11.4% of solid waste

generated in the state was recycled at the 476

recycling facilities located in 57 Illinois counties.

41% of these facilities responded to a yearly lEPA
survey and their data showed that paper is the largest

portion of recycled materials followed by metal.

Success or failure of recycling programs is influenced

by the volume of materials collected and a volatile

marketplace. Because of the volatility in prices paid

for collected recycled materials, facilities often find it

difficult to maintain a steady cash flow. For example

the price of old newspapers in Chicago was about

$50/short ton in 1980, $35 in 1982, rose to $43 in

1988 and dropped to less than $10 in 1991.

Collection of recyclables by communities continues to

increase. More industrial facilities are beginning to

find it profitable to recycle rather than pay for

disposal. In addition, used oil recycling is becoming

more popular as a means of re-use and an alternative

to disposal. Recycling, instead of appealing only to

avid environmentalists is rapidly becoming the status

quo.

Surface Impoundments

Surface impoundments are used for the retention,

treatment and/or disposal of liquid waste. They may
be located in natural topographic depressions,

artificial excavations, or dike arrangements. The

number of currently active or abandoned

impoundments in Illinois is unknown. In 1980 lEPA
conducted an inventory and assessment of surface

impoundments and found approximately 7450 active

or abandoned impoundments in the state. Almost

half had been associated with the oil and gas industry

for brine disposal. The remaining impoundments

were associated with municipal sewage and water

treatment, mining, industry and agriculture.

The primary concerns associated with waste disposal

into surface impoundments are the potential to

degrade or contaminate surface and underground

sources of drinking water, render soils unsuitable for

agricultural use, and pollute the air with dust from

dried-up impoundment surfaces.

Land Application of Municipal Sewage Sludge

Federal and State policies regulate the transport,

storage, land application and disposal of sewage

sludge. Sludge must be treated so as not to present a

threat to the environment or to public health. This

treatment is accomplished by Publicly Owned
Treatment Works (POTW's).

Large POTW's are associated with urban areas,

process more industrial waste, and more commonly

have pre-treatment programs than small POTW's.

They are located primarily in the metropolitan

Chicago area; this region accounts for approximately

two thirds of the state's sludge production. The

sludge processed by large POTW's contains higher

concentrations of arsenic, cadmium, chromium,

mercury, molybdenum, nickel, zinc, copper, and lead.

These metals are necessary (in small amounts) for

plant growth. Sludge also contains nitrogen and

phosphorus, the primary plant fertilizers. Because of

this, sludge "use" is encouraged under state and

federal policies. Use may include the application to

agricultural or non-agricultural land, landscaping,

horticulture, or land reclamation. Sludge disposal

may be to landfills, incinerators or sludge lagoons.

In 1989, approximately 45% of the over 178,000

metric tons Illinois POTW sludge outside the

Metropolitan Water Reclamation District of Greater

Chicago (MWRDGC) was landfilled. Thirty-four

percent was applied to agricultural land, 11% was put

into storage lagoons. The remaining 10% was put on

dedicated land or used for land reclamation,

horticulture, public distribution and other purposes.
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Underground Injection Wells

Underground injection is defined as the controlled

subsurface emplacement of fluids into select buried

geologic formations. Five classes of underground

injection wells are regulated in the state. The types

of waste managed by underground injection include

hazardous, nonhazardous, oil and gas by-products,

mineral extraction and various wastewaters resulting

from commercial or agricultural activity.

Class I wells in Illinois are used to dispose of more

than 300 million gallons of industrial waste per year.

The waste streams, both hazardous and nonhazardous

are largely comprised of water. Acids used in

industrial processes are the most common constituents

of the injected waste streams. Class II wells are used

for the disposal of oil and gas process fluids. In

1990, approximately 13,000 class II wells were

documented in Illinois. Class V wells are commonly

used in Illinois for sewage disposal, stormwater, and

other industrial drainage. In 1987 almost 2,000 class

V wells were inventoried in Illinois. The lEPA
suggests that the number of Class V wells in Illinois

may be much higher. Drainage and sewage-related

wells make up the majority of class V wells in the

state.

Treatment Storage and Recycling of

Hazardous and Industrial Wastes

Aside from traditional disposal techniques like

landfilling, generators of hazardous and industrial

wastes may manage these using various treatment,

storage or recycling methods. As the state's landfill

capacity for such waste declines and cost of disposal

increase, innovative methods for management will

become more important.

Beginning in 1983, state regulations required

operators of hazardous waste treatment, storage and

recycling facilities to report the types and quantities

of waste that have been managed by various methods.

Treatment and recovery methods for hazardous or

industrial wastes include metals recovery, solvent

recovery, aqueous inorganic (or organic) treatment,

sludge treatment and stabilization. The volume of

hazardous waste treated or recovered in Illinois grew

from about 180 million gallons in 1983 to almost 250

gallons in 1987. Treatment and recovery dropped

again to 184 million gallons (about 760 thousand

tons) in 1988 but then jumped substantially to over 5

million tons as oil refinery wastes were added to the

regulatory definition of hazardous waste.

Storage is a common and low-cost method for

handling waste when treatment or disposal is not cost

effective. Concerns have been raised that long-term

storage practices may pose a threat to the

environment due to ground or surface water

contamination or incidents of fire or explosion.

Regulatory requirements have reduced improper

disposal practices; concerns about storage in surface

impoundments have prompted stricter requirements.

In 1990, over 125 thousand tons of hazardous waste

was stored at permitted facilities. Often these wastes

are later shipped off-site for permanent management.

As the costs of disposal rise, recycling of hazardous

and industrial wastes has become more common.

The Illinois Material Exchange Service (IMES) is

among state efforts to encourage recycling. IMES
serves as a clearinghouse and market facilitator for

hazardous and nonhazardous by-products that might

otherwise require disposal. Since 1981, IMES has

helped divert over 54.7 million gallons of material

from landfill disposal and has saved Illinois

companies close to fifty thousand dollars.

REMEDIATION ACTIVITIES IN ILLINOIS

In response to contamination cases such as Love

Canal, Congress enacted two major pieces of

legislation. In 1976, the Resource Conservation and

Recovery Act (RCRA) was passed as a regulatory

program for managing hazardous waste; from

generation to disposal. The Comprehensive

Environmental Response, Compensation and Liability

Act (CERCLA) established a national program for

identifying, assessing and cleaning up abandoned

contaminated sites. A detailed procedure was

established for inventorying, assessing and ranking

sites potentially eligible for federal cleanup funds.

This Act has become known as Superfund.

As the result of Superfund legislation, contaminated

sites across the country were inventoried. Based on

the types of chemicals present and potential threat of

release, these were ranked to establish priority for

cleanup funds. Those ranked highest were placed on

the National Priorities List (NPL) and are first

eligible in the federal remediation process.

The main concern with these waste sites is potential

human exposure to hazardous substances released

from waste disposed and industrial sites by direct

contact with contaminated air, soil and water or

indirect exposure from contaminated food chains.
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As of 1990, there were over 1360 Illinois sites

identified in the federal inventory as potentially

eligible for Superfund status and remediation. Of

these, 38 ranked high enough to be placed on the

National Priority List (NPL). As of December 1992,

40 Illinois sites were on the NPL.

Illinois legislation was enacted to provide money for

clean-up of sites not eligible for federal funds. At

least 37 sites in the state have been cleaned with state

funds. The money available in the clean-up fund has

not been sufficient to meet demand. A backlog of

105 sites exists.

USEPA estimates that complete remediation of any

site could be accomplished in 6.5 years. In reality,

the process can take much longer and be much more

expensive than initially determined.

The issue of remediation is complicated by the fact

that no consensus exists among agencies or

environmental groups about how to define "clean".

This question affects the appropriate level of cleanup

at a site, the technology to be used and the point of

compliance at which cleanup goals will be attained.
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USEPA's Science Advisory Board recently raised the

question of whether the nation is addressing the most

critical issues facing the environment. One

suggestion for improvement is to take a more risk

based approach to addressing the impact of various

environmental contaminants. One of the objectives of

the Critical Trends Assessment Project (CTAP) is to

assess how Illinois' citizens impact the environment

and how these impacts have changed over time. In

the CTAP, trends for pollutants of concern to human

health and the environment are discussed. This

discussion covers traditional wastes and byproducts,

their release to the environment and methods used to

manage them.

This discussion of waste generation and management

takes an holistic approach to the problem.

Traditionally, waste is thought of as trash or garbage;

the things that get thrown away (most likely in a

landfill). When considering health and ecological

aspects of the environment around us, all by-products

of our modem lives, including air emissions and

water releases, potentially impact our surroundings.

This report focuses primarily on solid waste issues

and land based management methods. Other media

and methods receive a more cursory treatment.

Releases to the three major environmental media, air,

water and the land occur every day in a variety of

ways. Air pollutants are released via industrial

smokestacks, automobile exhaust systems and

household chimneys. Pollutants are released to

water from septic tank systems, wastewater treatment

plants or routine discharges from industrial facilities,

storage sites and by air deposition. Solid wastes are

generated at every level of society; from industry,

government and individual citizens.

Solid waste management issues have traditionally

received a large amount of attention from government

and citizens because the disposal of such wastes are

highly visible. Water quality issues have been a

concern because of impacts on drinking water and

recreational uses of water. Air issues, particularly

toxic emissions, are a more recent concern as iheir

implications on health effects have become better

understood. As environmental awareness continues to

increase, more attention will be paid to how the air,

water and land collectively are affected by different

components of society's activities.

This document touches upon how wastes have been

viewed over time. It begins with an overview of

current trends and the emergence of "pollution

prevention" as a strategy for reducing waste. The

latter requires a preventative approach throughout a

product's lifecycle, before wastes are ever generated.

The bulk of this report discusses various categories of

waste and traditional means of managing them.

Waste types are diverse as are the many state and

federal laws and regulations which apply to them.

This diversity makes it difficult to discuss generation

and management without risking confusion. For

example, household, nuclear, medical and industrial

wastes all pose "hazards", but all are not classified as

"hazardous". The same material may be viewed

differently under various laws and regulations.

Additional complexity is introduced by the fact that

laws and regulations frequently change as does the

body of scientific information regarding risks.

This report is a starting point from which to consider

how wastes influence our environment. The scope

and depth of the analysis is limited, in some cases

severely, by the kinds of information collected and

retained by waste generators and required by

environmental regulations. In some cases analyses

are limited by the variability of the data bases and

changing volume of waste from year to year as

regulations change. In other cases analyses are

limited by the large volumes of data and the

limitations of staff and time to fully interpret them.

Where possible, government records and databases

have been used to compile Illinois specific data.

Often, such information is supplemented by literature

and reports with a national focus, providing

background information or suggesting future topics of

study in Illinois. Throughout this report only data

available at the time has been summarized and

highlighted. The reader is urged to go to the

HWRIC, the lEPA, the USEPA or other sources for

more detailed data and reports on any topic.

Many questions have been raised as the result of

writing this volume. Many of these will be addressed

in (he future as better information becomes available.

One of HWRIC's long-term goals is to continually

update Illinois waste generation and management

information and report on these data. This document

can serve as a starting point to understanding the

complexity and nature of these issues.
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The management of wastes has gone from (lumping

freely into our water bodies or on the ground, to

regulating wastes in terms of the concentration that

could be released or the types of treatment and

disposal that will be allowed (end-of-pipe approach),

to the current trend of encouraging companies to

implement pollution prevention strategies (that is, to

reduce waste at the source, within the industrial

facility, before it is ever generated). This chapter

will consider some of the current trends that are

occurring in our efforts to better manage wastes, and

some of the issues facing us in this effort. The

examination of historical trends on amounts of wastes

that were managed was limited to a significant degree

because of the lack of data. Some of the issues

involved with both past and present data related to

wastes are discussed below.

HWRIC has obtained much of its data from the

Illinois Environmental Protection Agency (lEPA).

These data came from industries in the state who

were required to report certain wastes or emissions as

part of a regulatory program. In addition to obtaining

data tapes from lEPA, HWRIC has sponsored 22

research studies to catalog data and develop a

database on waste generation and management in

Illinois. These studies included database design and

development, analysis of trends in the types and rates

of wastes generated, assessment of environmental

risks, evaluation of geographic and spatial

relationships and development of policy options. The

conclusion reached in many of these studies is that

there are significant limitations to the available data

bases. These limitations are briefly discussed below

and in more detail in a recent paper by Thomas and

Miller (1992).

Hazardous waste data are compiled largely by

regulatory agencies from information required to be

supplied by regulated companies. Variations in the

quality of the data are due in part to the training of

personnel collecting and reporting data and to

differences in the accuracy of the waste

measurements. Regulations require analysis of only a

specific list of chemicals, which results in an

incomplete characterization of the waste. Despite

data limitations, significant time has been spent

nationally trying to answer questions that available

regulatory data are not designed to answer. For

example, the current uses of existing data for new

purposes such as measuring pollution prevention

achievements and evaluating the risks to human

health and the environment posed by the generation

and management of wastes have not been especially

successful. Additionally, state agencies often have

inadequate resources to use the data that are

submitted.

Despite these limitations, and the significant changes

that have occurred in the various data sets collected

in most cases as part of regulatory requirements, it is

possible to identify some obvious trends in the way

wastes are being managed and how these trends will

effect future government programs and priorities.

The following qualitative analysis attempts to outline

some of the more significant trends that are occurring

in the way wastes are prevented, managed and

disposed in Illinois.

INCREASED DATA QUANTITY AND
IMPROVED DATA QUALITY

There is no doubt that the quantity and quality of the

waste data collected each year are improving.

Measurement techniques are more sophisticated and

the questions asked of generators about their waste

have improved. But, it must be remembered that data

about the generation of wastes arc relatively recent.

HWRIC staff have concluded that not until 1986 have

the data on hazardous waste generation reached a

degree of sophistication and reliability that waaant

year to year comparisons. Although pre- 1986 data

are used in this report, they are not as accurate as

more recent data.

Most of the data collected by the State of Illinois (as

well as nationally) on wastes concern releases to

specific environmental media. Thus the Clean Air

Act requires descriptions of releases of certain

chemicals to the air, the Clean Water Act regulates

releases of certain chemicals to the water and the

Resource Conservation and Recovery Act (RCRA)

addresses hazardous waste destined primarily for

disposal to the land. RCRA defines those wastes that

should be classified as hazardous, although the law
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covers only a portion of the wastes that pose a

potential threat to human health and the environment.

A 1986 GAO report stated that "EPA does not know

if it has identified 90 percent of the potentially

hazardous wastes or only 10 percent, according to the

division director responsible for hazardous waste

identification." The separate reporting requirements,

and the different chemicals and wastes reported for

each media, make it very difficult to put together a

complete picture of the wastes produced by any one

facility in a year using existing data sets. An
overview of various waste data sources, by media, is

presented in Thomas et al. (1990) and summarized

specifically in Table 2.1. This report focused on data

that might be used to evaluate waste reduction

activities in the state.

The Toxic Release Inventory (TRI) is the most useful

data base for measuring pollution prevention because

it deals with specific chemicals and their release to all

media. It is the multi-media (e.g. releases of each

chemical reported for air, water and land) and

chemical (approximately 313 chemicals) specific

aspects of this data base that have made it so useful.

The value of the TRI data base has lead to a call for

expanding the universe of chemicals covered under

this reporting requirement. The Pollution Prevention

Act of 1990 modified the Form R (the primary form

generators used to report on releases of the 313

chemicals under TRI) to include information on

source reduction by specific process for TRI

chemicals. In the future, this source reduction

information will be the best data to evaluate success

of particular in-plant activities designed to reduce the

waste generation of specific TRI chemicals. It will

tie waste generation to some index of production and

will increase our ability to compare the efficiency of

similar processes.

The TRI program illustrates the value of having

reliable data and how they can influence policy.

When companies began to quantify the amount (often

tons) of particular chemicals that they were releasing

to the environment, it became apparent that these

releases represented wasted money. It also created a

public relations problem as communities became

aware of the large releases coming from facilities in

their area. Many companies initiated programs to

reduce these releases, even when there was no

particular regulatory mandate to do so.

A MOVE FROM COMMAND AND
CONTROL ACTIVITIES TO POLLUTION
PREVENTION

For over 20 years wastes have been regulated after

they are generated. This was done by restricting the

amount and concentration that could be released to

the air or the water, restricting what could be released

to the land, and in the case of hazardous waste,

specifying how it had to be treated. Many people in

our country operated under the paradigm that

environmental protection and industrial productivity

are incompatible; that is, environmental protection

will be at the expense of industry and industrial

promotion will result in environmental degradation.

Recent studies by Templet (1993) indicate that in fact

underspending on pollution control results in higher

emissions and fewer jobs. Implementation of

pollution prevention strategies provides industry an

opportunity to increase efficiency and productivity

while also enhancing protection of the environment

To promote pollution prevention solutions requires

development of new cooperative working

relationships between industry and government.

Since 1985 at least 45 states have established

technical assistance programs to work cooperatively

with industry to implement pollution prevention. And
some 15 states have developed pollution prevention

facility planning requirements, usually supported by

state technical assistance efforts. These non-

regulatory programs do not obviate the need for

regulations and a strong regulatory agency, and in

fact regulations and enforcement often drive

companies to consider pollution prevention strategies.

Pollution prevention focuses on those processes

within a plant that can lead to the generation of

waste, as opposed to treatment or control of

discharges after waste is generated. It requires the

company to determine where and why waste are

generated, and then to adopt strategies to reduce or

eliminate those wastes within the plant Pollution

prevention strategies involve but are not limited to

process changes; product reformulation; substitution

of safer or less toxic raw materials; and improved

training, housekeeping, preventive maintenance and

accounting practices. A pollution prevention program

is a business strategy, a way of operating more

efficiently, and of putting more raw material into the

product rather than losing it as a release or a waste.

Investments to increase the efficiency of operation

result in payback to the company, and may help them
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Table 2.1. Overview of Various Waste Data Sources by Media
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develop a competitive edge. Investment in end-of-

pipe pollution controls or treatment rarely offers these

economic incentives.

There is no doubt that a current major trend, both

nationally and worldwide, is toward a pollution

prevention/sustainable development philosophy. This

has a number of potential implications, a few of

which are briefly discussed below.

Less Reliance on Command and Control

As the focus becomes more preventive than

regulatory, there should be less emphasis on the

control of waste. Cooperative approaches between

government and industry will become more common.

One example is the USEPA's 33/50 program where

industry has voluntarily agreed to participate in a

program to reduce certain waste by 50% by the year

1995. Other cooperative programs are being initiated

or considered by USEPA. And in Illinois, the lEPA

has its Partners in Prevention Program which

encourages companies to voluntarily develop

pollution prevention programs and to find ways of

reducing their waste. There is little doubt that the

present regulations, the threat of new regulations, and

the increasing cost of managing waste have increased

the interest by companies in looking at voluntary

programs and pollution prevention strategies.

Greater Focus on Multi-Media Releases

The TRI is the first data base to focus on multimedia

releases. Some states have begun to do facility wide,

multimedia permitting. At present, if air regulations

increase in complexity or specific requirements,

generators may find it easier and more economical to

simply release the waste to the water or land. This

however, does not reduce the amount of emissions to

the environment. In the future, multi-media

considerations may make this strategy more difficult

and costly to implement. But to move to multi-media

permitting will require major changes in the way
regulatory programs are organized and operated.

Reductions of Waste Not Presently Regulated

In our present system, wastes tend not to be managed

in any special way unless they become specifically

regulated, their handling and disposal become very

expensive, or they are deemed a potential liability to

a company. In the prevention scenario, a company
would begin to evaluate all of the wastes produced

and released to all media, and develop strategies for

their reduction. This should lead to significant

reductions in all waste, not only those believed to be

a threat to human health or the environment. This is

important since, unfortunately, a number of chemicals

once considered environmentally safe, such as PCBs
and CFCs, are now major environmental problems.

To address this issue some companies are trying to

identify chemicals that may be restricted in use over

the next 10 to 20 years, and to assure that their new
products and processes will not depend on these

chemicals.

Increased Productivity of Companies

Pollution prevention should ultimately provide greater

environmental protection than the present regulatory

approach, while facilitating increased indusuial

efficiency and productivity. The bottom line of

pollution prevention is to efficiently turn raw

materials into products rather than wastes. Some
industrial facilities' pollution prevention efforts are

saving millions of dollars per year in waste disposal

and raw material costs. Increased production and

product quality benefits are additional products of a

pollution prevention approach.

Pollution Prevention Becomes Everyone's Job

While pollution control has traditionally been the

responsibihty of a company's environmental

department, the trend is to make it part of each

employee's job. In part this will happen when the

true cost of waste is calculated, and charged back to

the production or service unit within the facility that

generated the waste. It will also begin to happen

when each employee is held accountable for the

waste generated as part of the employee's job.

Move to Clean Processes and Products

Some companies such as 3M require that before any

new product is produced the waste implications of

making and using it are addressed. The trend is

toward taking a closer look at the waste implications

of new technologies and products. This trend

embodies the whole concept of sustainable

development. Only through such careful planning

and environmental concern can the next generation be

provided with the same resources and opportunities

that exist today.



OVERVIEW OF WASTE MANAGEMENT ISSUES AND TRENDS

INCREASED COST OF WASTE
MANAGEMENT

The cost of managing waste continues to rise. This is

due in part to the limited capacity of landfills and the

public's aversion to incineration. The increased

liability associated with possible remediation of

contaminated sites has influenced the price that

disposal companies charge. It has also encouraged

companies to manage more of their waste on-site to

reduce both the cost and potential liability of sending

wastes off-site. Increasing waste management costs

have driven many companies to examine prevention

alternatives, in addition to ways of reusing or

recycling waste, as a means of reducing their costs.

Increased state fees and multiple layers of

government involved in regulating a facility have also

increased the cost to industry of their waste.

SITING OF LANDFILLS AND WASTE
TREATMENT FACILITIES

The siting of these facilities has remained difficult

despite the fact that technologies for treating waste

and safely containing waste in landfills is much

improved. Despite technological improvements there

are fewer facilities, particularly municipal landfills.

However, they are becoming larger and more

regionalized. Many facilities in Illinois that already

have permits are expanding, but relatively few new

facilities are being built. In the future, waste may be

shipped much greater distances to large facilities for

treatment and disposal. This regionalization may

make the Illinois siting process, SB172, which relies

on local approval before permits are submitted to the

lEPA, less workable if communities are more inclined

to reject regional facilities.

LESS PUBLIC ACCEPTANCE OF RISK

The public concern about contaminants in the

environment and work place has increased

dramatically in recent years. This is due to a number

of factors including improved knowledge, better

characterization of wastes, improved understanding of

the movement of waste through the environment, the

ability to detect waste at lower and lower

concentrations and the recent studies on the potential

adverse health effects of low levels of certain

chemicals. This concern has translated at times to

an even lower level of risk being considered

acceptable by the public. However, the clean up of

contaminated sites to acceptable levels (low or

negligible risk) may become prohibitively expensive.

Because of uncertainties in some of the data on the

degree of risk posed by many chemicals, and the

large cost associated with any remediation efforts,

many potential cleanup programs are held up in the

courts for years.

THE NUMBER OF WASTE STREAMS
BEING REGULATED IS INCREASING

The number of regulated waste streams is increasing

with the result that there is an increase in reported

waste. This is illustrated in the significant increase of

hazardous waste generated in Illinois in 1990 versus

1991 (lEPA, 1992). Several major waste streams,

such as those generated by mining and oil and gas

extraction, will apparently be coming under increased

regulation. This will greatly increase the volume of

waste reported for the state. These new waste

streams could have a major impact on present waste

management systems in the state.

Some past waste management practices are generating

increasing regulatory concern, and waste from these

practices will have to be dealt with. For example, old

coal gasification sites have been identified as

potential problems and some are currently undergoing

clean-up activities. There are over 100 of these sites

in the state, some of which may have contaminated

extensive areas.

Over 1,200 agricultural chemical distribution sites

exist throughout the state. Activities at some have

resulted in contamination of the soils and occasionally

groundwater. If contaminated soils from many of

these sites were to be disposed in landfills, it could

tax the state's capacity to handle its other waste.

Leaking underground storage tanks have contaminated

soils in most counties, and new sites are discovered

frequently. What to do with these soils, and how to

clean them to acceptable levels at reasonable costs is

another major concern. The clean-up of these soils

will continue to be a financial burden to the owners

of sites and to the state for many years to come,

although legislation proposed in the state legislature

in the Spring 1993 is meant to reduce the financial

and regulatory burdens on owners.

Industrial solid waste (nonhazardous) is a topic that is

receiving considerable attention on the national level.

USEPA is conducting a number of studies nationally
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to better define these wastes. A significant amount of

materials going into Illinois municipal and special

waste landfills is coming from commercial facilities

and industry. Based on the Solid Waste Management

Plans for 29 Illinois counties, 38% of waste going to

landfills is residential, 32% from commercial or

institutional sources, 20% is industrial and 9% is

considered construction and demolition debris. Some

of these wastes may pose a potential hazard that is as

great as many highly regulated hazardous wastes

(Plewa et al., 1986). There is no doubt that there will

be more stringent requirements on how these wastes

are managed in the future. At the very least there

will be pressure on industry to reduce or recycle

more of them.

CERTAIN CHEMICALS WILL BE PHASED
OUT OF USE

Batteries may end up being totally restricted from

municipal landfills. More recycling of these metals

in the future is likely.

Polychlorinated biphenals (PCBs) were widely used

for insulation in transformers. Their persistence in

the environment, their ability to bioaccumulate and

their potential for causing adverse environmental and

health effects, including cancer, has caused their use

to be banned. Because PCBs were so widely used

they are a common contaminant at numerous

Superfund sites in Illinois (Crab Orchard, LaSalle-

Peru and Waukegan Harbor), and their levels in fish

have caused bans on eating or selling many fish in

the Great Lakes region. Cleaning up sites of PCB
contamination and destroying PCBs that still remain

in insulators, motors, etc. will continue to be a major

environmental challenge.

The use of certain chemicals has been banned or

greatly restricted, and these will play an ever

decreasing role as environmental contaminants in the

future. DDT and PCBs have been banned for years,

and although they persist as environmental

contaminants, their levels are decreasing. Lead levels

in the air in Illinois have shown a steady decrease as

leaded gasoline has been phased out (Sweet, et. al.,

1990). Chlorofluorocarbons (CFCs), a major depleter

of the ozone layer, are being phased out worldwide.

Other chlorinated solvents are being targeted for

substitution or reduced use at industrial facilities.

Some printers in Illinois have switched from solvent

based to water based inks. This type of switch will

usually result in decreased air emissions but could

increase releases to the water. A number of printers

have started using soy oil (versus petroleum oil)

based inks because the soy oil usually results in less

air emissions and comes from a renewable resoiu"ce.

The total environmental tradeoff of some of these

substitutions is unclear at this time but is being

addressed by some scientists through life cycle

analyses.

Asbestos use has been greatly restricted and it has

been removed from buildings in large quantities. The

contribution to landfills resulting from asbestos

abatement has not been well documented but is

probably significant. Likewise, use of a number of

heavy metals has been restricted, including merciu^

and hexavalentchrome. Both contaminants are toxic

and persistent in the environment. Batteries that

contain these metals are being phased out as are other

products and processes that use these metals.

INCREASED FOCUS ON CONTAMINANTS
GOING TO THE AIR

Like TRI, the new Clean Air Act Amendments have

increased the attention and focus on atmospheric

contaminants. For some cities this will result in

restricted travel by automobile and major limitations

on releases by new and old industrial facilities. The

use of ozone depleters and smog forming chemicals

will be greatly restricted in these areas. Improved

and technically advanced monitoring equipment has

allowed more accurate detection of various

atmospheric contaminants and has brought greater

attention to the types and amounts of chemicals

released to the air. This public attention has

prompted many companies to reduce releases to the

air. In areas of high atmospheric contamination, such

as the Los Angeles basin, there has been a move to

regulate individual behavior, such as the use of cars,

paints and even charcoal lighter fluid.

GREATER EMPHASIS ON RECYCLING
AND MARKET DEVELOPMENT

Especially in the area of post consumer goods there

will be an increased emphasis on the reuse and

recycling of materials. From papers, cans, and

bottles, to batteries and used oil, the state and nation

will continue to find better ways to recycle and to

develop more stable markets for recycled goods. But

in many cases either the infrastructure for recycling

does not exist or the market for the materials is more

limited than the supply. Government requirements to
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buy recycled goods and funds to help develop

markets for recycled goods may help in this regard.

Industrial solid waste is another area that will also

experience a significant increase in recycling

activities. Companies throughout the state are not

only recycling papers and cans, but have found

markets for scrap metal, plastic, wood, oil, tires and

other materials. As part of their overall pollution

prevention programs companies are also finding ways

to return a variety of raw materials back into their

process, such as solvents and lubricating oils.

TREND TO TAX AND REGULATE RAW
MATERIAL USE

Pollution prevention approaches require a company to

consider the raw materials they are using. In some

cases, companies are substituting a more toxic raw

material with a less toxic one. The states of New
Jersey and Massachusetts are asking companies to

report throughput data (raw materials used, the

amount that goes to product and the amount that goes

out of the facility as waste). The Toxic Substance

Control Act (TSCA) regulates new chemicals that are

coming on the market. Some materials are being

taxed such as gasoline to support the Leaking

Underground Storage Tank (LUST) program, or

chemical feedstocks to support the federal Superfund

program for cleaning up past sites of contamination.

The present trend in the country is to look more at

the basic raw materials used by industry, not just the

waste that is ultimately produced by various industrial

processes. This trend is related to the trend to utilize

more pollution prevention approaches to our current

waste problems.

RAPID GROWTH IN VOLUME AND
COMPLEXITY OF LAWS AND
REGULATIONS

As environmental regulations have increased in

number and complexity, indusuies have had increased

difficulty in keeping up with the regulations. In

addition, the expense in U7ing to comply with a

"moving target" of changing environmental

regulations has also created a burden on industry.

Figure 2.1 shows the increasing rate at which federal

environmental laws are proliferating. While increased

reporting requirements and more complex

measurements needed to meet these requirements may

help a company better manage their waste, they have

also created a burden on staff and increased cost to a

company. Legislation has been introduced at both the

state and federal level to help businesses, particularly

small business. The new Clean Air Act calls for

states to establish a Small Business Assistance

Program. Such programs may lead to greater

coordination between existing regulatory and non-

regulatory programs. In Illinois, the legislature

passed in June 1993 a "One stop shopping bill" aimed

at assisting companies in their efforts to comply with

various regulations and to expedite and speed the

jjermitting process. The bill includes pollution

prevention assistance. Pollution prevention programs,

both statewide and nationally, are geared to provide a

more cooperative environment in which government

and industry can begin to economically solve some of

our past waste management problems.

Number of New Environmental Laws Adopted

Over Time
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Figure 2.1

RISK BASED ENVIRONMENTAL
PROTECTION STRATEGIES

Recent reports by the USEPA Science Advisory

Board has called on USEPA to take a more risk

based approach to environmental protection. One

question that has been raised concerns whether we

have adequately used our resources to address the

environmental concerns of greatest importance. In
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some cases it appears agencies have allocated large

amounts of resources to address environmental

problems that may pose less risk than other more

severe problems that have received relatively little

attention. In fact, one of the drivers behind the

CTAP project was to look at this very issue in lUinois

and to provide the basis for recommendations for

future environmental data gathering and protection

strategies.

USEPA has explored various risk-based approaches

in the past, but has often abandoned them because of

a lack of adequate data. The difficulty of

determining cause and effect between environmental

contaminants and human and environmental health

effects has lead in most cased to inconclusive results.

It is our opinion that the risks of not asking the

questions or trying to gather the appropriate data are

too great to ignore. Ultimately we need to look at

risk, and the potential impacts of our activities on

human health and the natural environment. We need

to identify data gaps and conduct the research needed

to address these problems in a timely fashion. The

preventive approach is the best and by far the least

costly. This is apparent as the nation faces the

almost overwhelming cost of cleaning up past

contamination at industrial and municipal sites, and at

federal facilities. In the long run, preventing future

environmental problems is the only approach that will

insure a productive society at a reasonable cost.

10
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WASTE GENERATION
INTRODUCTION

As the number of environmental laws has grown over

time, wastes and discharges have been permitted and

controlled at the federal, state and local levels in a

piecemeal fashion. Each regulatory program provides

a piece of an overall regulatory puzzle which is

becoming increasingly complex. The various

environmental media have traditionally been treated

separately with air, land and water each having a

distinct set of rules and regulations.

This discussion of waste generation and management

focuses primarily on solid wastes. Waste generation

is discussed relative to the quantities of waste

generated, the components of these waste streams and

how these wastes are managed. Where possible, the

potential threats these wastes pose to the environment

are addressed.

The Resource Conservation and Recovery Act

(RCRA), passed in 1976 is the major federal statute

regarding solid wastes. The act defines solid waste

broadly to include almost every material resulting

from industrial, commercial, mining and agricultural

operations and community activity. Subtitle C of

RCRA identifies some soUd wastes as "hazardous"

and details specific hazardous waste regulations. The

permitting and reporting requirements for generation

and management of RCRA hazardous wastes must be

minimally adopted by each state's environmental

program. Illinois' hazardous waste regulatory

program is identical in substance to RCRA
regulations. Most of the available information about

hazardous waste generated and managed in the state

is produced to fulfill federal RCRA subtitle C
requirements.

All other solid wastes not identified as "hazardous"

under subtitle C of RCRA are included in subtitle D
of the act. These subtitle D wastes may include

municipal, industrial, construction and demolition,

agricultural, oil and gas exploration and production,

coal combustion, municipal combustion ash, cement

kiln dust and pollution control sludges. Nationwide,

it has been estimated that over 13.2 billion tons of

solid wastes are produced annually. This total

includes both subtitle C and subtitle D waste among

others. Figure 3.1 displays the relative size of major

waste streams as estimated by USEPA (USEPA,

United States Solid Waste Universe

Approximately 13.2 Billion Tons Per Year

39.3%

57 5%

DOther Wastes Sindustrial Solid Waste

^Industrial Hazardous Waste HMunicipal Solid Waste

Other Wastes Include Mining, Oil and Gas,
Utility, Cement Kiln Dust.

Source: Personal Communication, USEPA
Jim Loundsbury, 1993

Figure 3.1

personal communication, Jim Loundsbury, 1993).

Federally recognized hazardous wastes and municipal

solid wastes, the two waste streams that receive the

most public attention, together contribute only 3% of

the entire solid waste universe. These wastes are

relatively tightly controlled, compared to much of the

remaining 97% of solid waste.

Subtitle D waste regulation is a topic increasingly

being discussed at the federal level. States are

currently responsible for developing their own
programs for the regulation of subtitle D wastes.

Illinois "special waste" regulations were adopted by

the Pollution Control Board in 1979 and address

RCRA subtitle C "haz^ardous" wastes, industrial

process wastes and pollution control wastes. Figure

3.2 outlines solid waste characterization in Illinois,

emphasizing the distinction between special and non-

special wastes.

Illinois special wastes arc subject to manifest

requirements on the part of generators, transporters

and management facilities. Those special wastes

classified as RCRA hazardous arc subject to federal

reporting requirements. Nonhazardous special wastes

13
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were not subject to annual reporting requirements

until 1991.

This discussion of waste generation includes sections

about most types of solid waste and the Toxic

Release Inventory. A recent trend is toward a multi-

media approach to waste regulation, addressing waste

released to all media collectively. This trend is

reflected in the adoption of the Toxic Release

Inventory (TRI) reporting requirements as part of the

Superfund Amendments Reauthorization Act of 1986

(SARA).

SARA expanded and revised CERCLA to provide an

emphasis on toxic chemicals currently present in the

environment. SARA established the Emergency

Planning and Community Right-to-Know Act

(EPCRA) containing major sections related to

emergency planning and public awareness. One of

the major parts of EPCRA was the establishment of

the annual toxic chemical release inventory.

TRI is not a regulatory program; it is a multimedia

reporting requirement. Manufacturing facilities which

produce and/or use any of a list of over 300

chemicals are required to report annually what has

been released to all environmental media. TRI

releases are estimated based on engineering or mass-

balance calculations rather than manifested shipments

of waste on which RCRA reporting is based. TRI

reports the release of specific chemicals rather than

wastestreams potentially composed of multiple

components.

14
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MUNICIPAL SOLID WASTE

Lisa A. Damon
Hazardous Waste Research and Information

Center

DEFINITION/BACKGROUND

As defined in USEPA's report "Characterization of

Municipal Solid Waste in the United States: 1992

Update", municipal solid waste (MSW) includes:

"wastes such as durable goods, non-durable

goods, containers and packaging, food

scraps, yard trimmings, and miscellaneous

inorganic wastes from residential,

commercial, institutional and industrial

sources." (EPA/530-R-92-019, 1992).

The definition of MSW does not include such wastes

as municipal sludges, combustion ash, industrial

nonhazardous process wastes and

construction/demolition wastes although they may be

disposed with MSW in landfills or incinerators. Most

MSW is disposed in landfills. As the number of

permitted landfills decreases and the costs of landfill

disposal increase, landfill capacity has become a

serious problem in some parts of the country.

The USEPA Municipal Solid Waste Task Force

published a recommended national strategy in 1989

for improving the management of MSW. Their

report, "The Solid Waste Dilemma: An Agenda For

Action", provided goals and recommendations for

USEPA, state and local governments, industry and

private citizens to address MSW management issues.

The task force suggested an "integrated waste

management" framework consisting of source

reduction, recycling, waste combustion and landfill

disposal. The report emphasized the need for a shift

to source reduction and recycling and repeated

USEPA's stated goal of reducing by 25% the amount

of waste sent to landfills and incinerators by 1992

(USEPA. 1989, p. 10).

NATIONAL MSW TRENDS

In conjunction with Franklin Associates, USEPA has

produced a series of reports characterizing MSW in

the United States. The most recent report includes

MSW data from 1960 to 1990 and discusses the

generation, recovery for recycling, composting,

combustion amounts discarded or disposed, and a

characterization of MSW.

The authors used a material flows methodology to

estimate quantities of MSW generated in the nation.

The methodology is based on production data for

materials and products in the waste stream.

Nationwide, the generation of MSW has increased

steadily since 1960, amounting to 195.7 million tons

in 1990. Figure 4.1 displays this upward national

trend as estimated by USEPA and Franklin

Associates. The per capita daily MSW generation

rate (before recovery or composting) has also been

increasing steadily. This rate was estimated to be 4.3

pounds/person/day, up from 2.66 pounds/person/day

in 1960 (see Figure 4.2).

Estimated MSW Generation in the

United States

250

195.7

1960 1965 1970 1975 1980 1985 1990

Year

Source: Characterization ofMunicipal Solid

Waste in the United States 1992 Update

Figure 4.1

Franklin Associates also projected that with no

additional efforts in source reduction, the amounts of

MSW generated in 1995 and 2000 are expected to

reach 208 and 222 million tons respectively. The

projected increases in waste generation underscore the

importance of the source reduction component of the

integrated approach suggested by USEPA's "Agenda

15
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U.S. Per Capita Daily MSW Generation Rate
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Figure 4.2

1990

Source: Characterization ofMunicipal Solid Waste

in the U.S.; 1992 Update EPA/530-R-92-019

Figure 4.3
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for Action".

Paper and paperboard products constituted the largest

portion of materials in the national MSW stream in

1990 (37.5% of the total weight). Yard trimmings

comprised 17.9% of the total MSW. Figure 4.3

displays the breakdown of materials generated in

MSW by weight in 1990. Since 1960, the amount of

paper and plastics products generated in MSW has

increased while the glass, metals, food wastes, and

yard trimmings categories have shown a decline

(Figure 4.4). Table 4.1 provides a comparison of the

components between 1960 and 1990.

Table 4.1. Component Materials Generated in U.S. MSW,
1960 and 1990 (Estimated Percentage of Total MSW by

Weight)

of the MSW disposed in landfills, by volume than by

weight.

Landfill Volume of Materials in U.S. MSW. 1990

Material
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Materials Recovery, Combustion and Discards of U.S. MSW
1960-1990
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Figure 4.7
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ILLINOIS MSW TRENDS

The increasing public concern over MSW and all

other solid waste in Illinois lead to adoption of the

Illinois Solid Waste Management Act (SWMA) in

1986. The SWMA's purpose is to help reduce the

State's dependence on land disposal and help in

establishing a state-wide approach to solid waste

management. The approach outlined by the SWMA
is similar in content to USEPA's agenda and

established the following hierarchy for the

management of solid wastes (in descending order of

preference):

Volume Reduction

Recycling and Reuse

Combustion with Energy Recovery

Combustion for Volume Reduction

Disposal in Landfills

The SWMA empowered lEPA to collect a tipping fee

for each cubic yard or ton of solid waste landfilled.

The fee is collected from the landfill owner or

operator based of the volume or weight of wastes

accepted during the course of a year and is deposited

in the Solid Waste Management Fund. The monies

collected in this fund are used to provide financial

assistance to local governments for solid waste

planning purposes, to support the operation of the

industrial materials exchange service (IMES) and

other soUd waste research needs. The Act also

requires lEPA to publish an annual report regarding

the disposal capacity available for soUd waste in

lUinois sanitary landfills. These reports have been

published since 1987 and provide a source of

information about the volume of solid waste managed

at lUinois landfills.

Some nonhazardous industrial process wastes are

included within the scope of the SWMA in addition

to municipal waste, defined in Illinois as: "garbage,

general household and commercial waste, indusuial

lunchroom or office waste, landscape waste,

construction or demolition debris." Beginning in

1989, the fee, tax or surcharges under subsections (b)

and (j) of the SWMA shall not apply to:

1) waste which is hazardous waste;

2) waste which is pollution control waste;

3) waste from recycling, reclamation or reuse

processes approved by the agency as meeting

specific criteria;

4) nonhazardous sobd waste received at a

sanitary landfill and composted or recycled

through a process permitted at the agency;

5) any landfill permitted by the agency to

received only demolition or construction

debris or landscape waste.

lEPA estimated the generated amount of solid wastes

for the required reports based on generation factors

provided by local governments participating in the

state planning grant program. Figure 4.7 displays the

Ilhnois solid waste generation estimate for 1987

through 1992. These totals represent industrial as

well as residential, commercial and institutional solid

wastes.

As expected, the total volume of solid waste

generated by county is highest in areas of greater

population and higher industrial concentration.

Figure 4.8 is a statewide map showing the volume of

solid waste generated by county.

In 1989 DENR used an approach similar to the

USEPA/Franklin Associates method to estimate the

composition of MSW in Illinois for 1980 and 1986.

Yard wastes and food wastes were not included in

these estimates, but similar trends were found. The

listing in Table 4.2 is the overall findings of this

DENR analysis.

Table 4.2 Composition of MSW in lUinois

Waste Type
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Figure 4.8.

Illinois Solid Waste Generation-1992
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The amount of paper and plastics in the waste stream

increased between 1980 and 1988 while the

proportion of glass and metals decreased.

Like many states, Illinois is very dependent on

landfill disposal of solid wastes. The lEPA reported

that over 12 million tons of waste was landfilled

between April 1, 1991 and March 31, 1992. In

contrast, about 225,000 tons were incinerated at the

Chicago Northwest Incinerator, the only

nonhazardous solid waste incinerator in operation in

Illinois.

On July 1, 1990, landscape waste was banned from

IlUnois landfills. Many communities have established

landscape waste composting sites. Approximately

418,300 tons of landscape waste were accepted at 83

of the 109 permitted composting sites between April

1, 1991, and April 1, 1992. This amount represents

an 89% increase from the prior year's reported

amount

Recycling of solid wastes is another means of

diverting waste from landfills. For 1992, 41% of

Illinois recycling faciUties responded to a survey and

reported managing 1,182,225 tons. Information about

the remaining 59% of Illinois recycling faciUties is

not available.
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Hazardous waste is defined by the Illinois

Environmental Protection Act (111. Comp. Stat 1992

415 ILCS 5/3.20) as foUows:

"Hazardous Waste" means a waste, or

combination of wastes, which because of its

quantity, concentration, or physical,

chemical, or infectious characteristics may
cause or significantly contribute to an

increase in mortality or an increase in

serious, irreversible, or incapacitating

reversible, illness; or pose a substantial

present or potential hazard to human health

and the environment when improperly

treated, stored, transported or disposed of, or

otherwise managed, and which has been

identified, by characteristics or listing, as

hazardous pursuant to Section 3001 of the

Resource Conservation and Recovery Act

(RCRA) of 1976, P.L. 94-580, or pursuant to

Board regulations.

The Federal Resource Conservation and Recovery Act

of 1976 (RCRA) directed the United States

Environmental Protection Agency (USEPA) to set

national standards for state hazardous waste

programs. RCRA gave USEPA the authority to

identify hazardous wastes, create a waste tracking

system, and set operating standards and issue permits

for treatment, storage and disposal facilities. A state

hazardous waste program must adopt USEPA's
standards as a minimum. lUinois' program for

hazardous waste management meets the federal

standards but requires more frequent reporting.

Based on USEPA's regulations, hazardous wastes are

identified by two broad categories: characteristic

hazardous wastes and listed hazardous wastes.

Characteristic hazardous wastes exhibit one or more

of the properties:

1) Ignitability: Waste posing fire hazard during

routine handling;

2) Corrosivity: Wastes that could corrode their

containers or leach out other waste

constituents;

3) Reactivity: Unstable wastes that could react

violently, explode, or generate dangerous

gases;

4) Toxicity: Wastes that when tested using the

Toxicity Characteristic Leaching Procedure

(TCLP) demonstrate greater than specified

levels of certain metals or pesticides. In

1990, TCLP replaced the extraction

procedure (EP) as the method for identifying

characteristically toxic hazardous wastes.

Listed hazardous wastes are identified by the fact that

they are specifically named in the USEPA
regulations. Several hundred chemicals and waste

streams are known as listed hazardous wastes. They
may come from non-specific sources, specific sources

or from discarded commercial chemicals, off-

specification products, and their spills and spill

residues. Changes are made to the lists as additional

information becomes available on wastes and their

characteristics. New wastes were added to the list in

1986, 1988 and 1989 (IEPA/LPC/92-052, 1992).

While the regulatory definition of hazardous wastes is

detailed, it does not include all wastes produced by

industry that have potentially toxic effects. Some
types of waste are exempt from hazardous waste

regulation including: materials in domestic sewage,

industrial discharges regulated under the Clean Water

Act, gas and oil drilling production wastes, fly ash

and bottom ash from burning of fossil fuels, cement

kiln dust, household hazardous wastes, and agriculture

wastes used as fertilizers. Other wastes are regulated

under acts different from RCRA but may be subject

to RCRA regulations if mixed with RCRA wastes.

For example, spent nuclear materials and PCBs are

regulated by acts other than RCRA but are reflected

in hazardous waste reporting when combined with

hazardous wastes. Additionally, the CAAA of 1990

listed approximately 200 specific chemicals as

Hazardous Air PollutanLs and the Illinois Pollution

Control Board listed over 2(X) chemicals as Illinois

Air Toxic Contaminants. These chemicals may not

fall into the specific definition of "hazardous waste"

but have the potential to be harmful to human health

and the environment.

An estimation of the volume of hazardous wastes

generated and managed is possible as the result of

USEPA reporting requirements. RCRA and Illinois
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hazardous waste regulations require generators and

permitted treatment, stca-age, disposal and recovery

(TSDR) facilities to submit reports summarizing

hazardous waste activities. The reports, submitted by

March 1 , contain information about the previous

calendar year. The annual reports identify the type of

wastes received or shipped, quantity of wastes, and

the method of management for each waste. USEPA
requires biennial reporting while lEPA maintains a

stricter requirement of annual reporting. The annual

report requirement became effective in 1983,

summarizing activities for the 1982 calendar year.

Hazardous waste from "conditionally exempt" and

"small quantity generators" (SQGs)are regulated in

much the same fashion as large quantity generators

but are not subject to the same reporting

requirements. Conditionally exempt generators are

those who generate less than 100 kg per month of

hazardous waste or less than 1 kg per month of

acutely hazardous waste. SQGs are those generators

who generate between 100 kg and 1000 kg per month

of hazardous wastes. These two types of generators

are not required to submit annual hazardous waste

reports. SQG wastes are reflected in Illinois TSDR
facility reporting.

The hazardous waste annual reports are a significant

component of Illinois' hazardous waste regulatory

program (IEPA/LPC/92-052, 1992). Information

gathered through the annual reporting requirement is

used to identify trends, project capacity needs and for

planning regulatory programs. This discussion of

hazardous wastes in Illinois, will consider only those

wastes defined as hazardous and reflected in Illinois

reporting.

HAZARDOUS WASTE GENERATED IN

ILLINOIS

lEPA has estimated the volume of hazardous waste

generated in the state using the annual hazardous

waste reports. The reported volume of imports to

Illinois is subtracted from the total reported volume

of hazardous waste managed in the state; the result is

added to the reported volume of waste exported to

other states to obtain an accurate estimate of the

volume of hazardous wastes generated by Illinois*

industry. Waste that was managed in long-term

storage facilities or transfer sites is not included to

avoid double counting (IEPAA.PC/92-052, 1992).

In 1990, the total reported quantity of hazardous

waste generated in Illinois was 6.23 million tons.

This represented a dramatic increase from the volume

generated in 1989. This huge increase in gen^ation

(1.74 million tons to 6.23 million tons) was the result

of the regulatory change in 1990 requiring the TCLP
toxicity test for identifying characteristically

hazardous waste. A waste generated by two refineries

accounted for 85% of the total volume generated

(IEPA/LPC/92-052, 1992). This waste stream had

been generated for years at these oil refineries but

was not defined as hazardous until TCLP was the

required test for toxicity. If this one waste is not

included, the adjusted generation volume would be

1.93 million tons, representing a 10.7% increase from

the 1989 reported volume. This large flucuiation in

reported volume demonstrates the fact that regulatory

changes and revisions of the definition of hazardous

waste can have a large impact on the state's estimates

of hazardous waste generation and management.

Figure 5.1 displays the amount of hazardous waste (in

gallons) generated in Illinois since 1982 as reported

by lEPA (gallons rather than tons were used to keep

priOT years comparable).
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Number of Hazardous Waste Generators in

Illinois

Generators of hazardous waste are those companies

or entities that produce regulatorily-defined hazardous

wastes. Not all Illinois companies are hazardous

waste generators. Smaller companies may be

considered SQG's. Other firms produce wastes

which are not considered hazardous and are thus not

subject to RCRA regulations. A generator may
manage it's hazardous waste on-site or ship it off-site

for commercial management in Illinois or out-of-state.

Generator annual reports are submitted only by

companies that produce hazardous wastes and then

ship them off-site for management. Generators who
manage their wastes on-site are considered to be

regulated TSDR facilities and must report the types

and quantities of hazardous waste managed. During

1990, lEPA received 2329 generator reports of which

1477 were from fully regulated generators. The

remaining 852 were submitted by companies which

indicated that no hazardous wastes were generated

during the year, were classified as SQG's, or were

not subject to reporting due to closure or other

means. Figure 5.2 shows the number of fully

regulated generators submitting generator reports to

lEPA since 1982. EEPA attributes the 1985 increase

to regulatory changes which expanded the reporting

universe to include generators that shipped solvents to

reclamation facilities.

In 1990, lEPA reported only 5 generators which

manage all of their wastes on-site, down from a high

of 111 generators in 1982.

While the hazardous waste regulations and reporting

system are applicable to over 1000 companies in

lUinois, not every Illinois company or manufacturing

facility is subject to hazardous waste regulations

because of the quantities or types of waste produced.

The 1992 Harris Illinois Industrial Directory,

published in cooperation with the Illinois State

Chamber of Commerce listed 21,769 manufacturing

facilities in Illinois. Many manufacturers may not be

subject to RCRA regulations but other kinds of

environmental regulations may apply.

Largest Hazardous Waste Generators in

Illinois

Generators Who Ship Waste Off-Site

During 1990, there were 18 generators that reported

shipments of more than 5,000 tons of hazardous

waste to off-site management facilities. These 18

Number of Fully Regulated Generators Submitting

Annual Hazardous Waste Reports, 1982-1990

1,500

I
1,000

Q.
E
oo

500

^^^

JL _L. -L

1982 '83 '84 '85 '86 '87 '88 '89 '90

Year

Source: Summary ofAnnual Reports on Hazardous

Waste; lEPA/LPC/92-052

Figure 5.2

facilities are located in only 7 different counties:

Cook, Grundy, Kankakee, Madison, Peoria, St. Clair

and Will. Together, these facilities generate 49.9% of

all hazardous wastes shipped off-site in 1990. Table

5.1 lists the 1990 generators who shipped more than

5,000 tons of waste off-site.

Generators Who Manage Waste On-Site

The lEPA has identified the on-site facilities that

manage more than 5,000 tons of wastes. These are

dominated by two facihties (oil refineries) that

manage over 4 million tons of hazardous wastes on-

site. The volume of wastes generated and managed

at on-site facilities far outweighs the volume of

wastes generated at Illinois facilities and then shipped

to off-site management facilities. Of the 6.23 million

tons of waste generated in Illinois during 1990,

89.9% was generated by companies that are able to

manage these wastes on-site. Table 5.2 lists the 13

generators identified by lEPA managing more than

5,000 tons of hazardous wastes on-site (comparable

to 1 million gallons waste with average density of 10

lbs per gallon). The waste generated at these 13

facilities accounts for 95.6% of all waste generated

and managed on-site, and 88% of all total waste

generated in Illinois.
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Table 5.1. 1990 Hazardous Waste Generators Shipping More Than I Million

Gallons Off-Site

Company
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Figure 5.3

Number of Hazardous Waste
Generators by County, 1990
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Table 5.2. 1990 Hazardous Waste Generators Managing More Than

5,000 Tons Waste On-Site

Company
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Table 5.3. Illinois Counties with Hazardous Wastes Managed On-Site

County
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Figure 5.4.

Total Tons Hazardous Waste
Generated By County in 1990
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Figure 5.5.

Total Tons of Hazardous
Waste Managed by County in 1990
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Hazardous Waste Generation by Industry Group

1986

Nunnber of Hazardous Waste Generators by

Industry Group 1986

29.3%

19.4%

8.8%

28.7%

6.9%

DSteel Works HSm Arms Ammunition ^Hardware, nee

Construction Machinery QPIating/Polishing E3AII Other Industries

Source: Generation and Management ofHazardous

Waste in Illinois During 1986, RTI

Figure 5.6

The HWRIC analysis found the petroleum refining

industry to contribute the largest volume of hazardous

wastes in the state, over 4.4 million tons; this is not

surprising considering the regulatory change to TCLP
data. The industrial inorganic chemical industry,

SIC 2819, was found to be the second largest

generating industry with 0.83 million tons of waste.

Table 5.4 lists the ten industries generating the largest

volumes of hazardous waste based on the HWRIC
analysis.

Large volumes of hazardous wastes are generated by

SIC 4953, Refuse Systems, and SIC 7389, Business

Services, nee, includes solvent recovery services. The

wastes produced by these industry groups are likely

to be secondary wastes produced as a result of a

treatment or recovery process or from the cleanup of

contaminated sites. For the purposes of this analysis,

primary hazardous waste generation was assumed to

approximate total generation less the volume

produced by refuse systems and business services.

The oil reHning industry dominates the industrial

profile of primary wastes generated in Illinois

Plating/Polishing D Paints/Allied Products

QAII Other Industries

Source: Generation and Management ofHazardous

Waste in Illinois During 1986, RTI

Figure 5.7

contributing over 80% of the total (see Figure 5.8).

Subtracting the two largest oil refineries, for the sake

of comparison, industrial inorganic chemicals, steel

works and other petroleum refining are shown to be

the largest contributors to Illinois hazardous waste

generation (see Figure 5.9). The steel works and

small arms ammunition industries appear as

significant contributors in both the RTI and HWRIC
analyses.

The effect of regulatory changes on reported volumes

of waste generated have been discussed above. These

same changes also affect the industries subject to

regulation. A comparison of the RTI (1986) and

HWRIC (1990) industry profiles demonstrates how
significant changes in regulation can be.
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Table 5.4. Top 10 Hazardous Waste Generating Industries 1990

SIC
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Types of Hazardous Waste Generated in

Illinois

The 1990 annual hazardous waste report provided

information about generation classified into 17 waste

types. These waste types are different from

traditional RCRA waste types and are based on the

physical and chemical properties of the waste. These

waste type categories are also used in production of

the State Capacity Assurance Plan (CAP), are simpler

to use and easier to understand than the customary

RCRA codes. Table 5.5 lists the waste types now

used to characterize Illinois hazardous wastes (a more

detailed definition of each is found in Appendix 5.1).

Most of the waste generated in 1990 was of the type,

"Inorganic Liquids with Organics," accounting for 4.5

million of the 6.2 million tons of hazardous waste

generated as reported by lEPA. Virtually all of this

inorganic liquids with organics waste consists of the

oil refinery waste added to the regulatory system in

1990 (4.3 of 4.5 million tons). Table 5.6 lists the 17

waste types, tons of each type generated in 1990, and

the net change since 1987 (1987 data obtained from

Capacity Assurance Plan, 1989). Inorganic liquids

with metals and inorganic liquids (nee) account for

large portions of the Illinois hazardous waste

generation with over 1.5 milUon tons.

A comparison of 1987 data with the 1990 information

revealed the largest increases in volume were found

in the inorganic liquids, inorganic sludges and solids

with metals, and contaminated soils categories. There

are many possible explanation for these increases.

Changes in regulation involving underground storage

tanks and the cleanup of leaking sites are likely to

have contributed to the increase in the contaminated

soil category.

HAZARDOUS WASTE MANAGED IN

ILLINOIS

In 1990, lEPA reported that the total quantity of

RCRA hazardous wastes managed in the state to be

6.4 milhon tons. Figure 5.10 shows the quantity of

waste reported to be managed in the state since 1982.

Quantity is provided in gallons to allow for

comparison with prior years. Not surprisingly, the

addition of the TCLP requirement created a

substantial increase in the amount of hazardous

wastes reported to be managed in Illinois. Without

the large oil refining waste streams, the quantity

managed in the state, at on-site facilities and

commercial sites has remained fairly constant.

Of the 6.4 million tons managed in 1990, 5.7 million

tons were managed on the site of generation. Much
of this is managed at two large oil refineries but even

prior to 1990, a substantial portion of hazardous

wastes managed in the state was managed on-site

(Table 5.7).

The management of hazardous waste on-site is not a

new phenomenon. It is believed that prior to

environmental regulations, most, if not all, hazardous

wastes were disposed at the site of generation. On-

site management volumes of industrial wastes

(hazardous and nonhazardous) have surpassed

commercial management volumes ever since such

information has been gathered for the state.

Number of Hazardous Waste Management
Facilities

The number of facilities permitted to manage RCRA
hazardous wastes has dropped significandy since the

advent of regulation. In 1982 there were over 300

faciUties managing hazardous wastes; in 1990 only

152 were permitted (see Figure 5.11). This decrease

in the number of permitted facihties occurred during

a time when management volumes remained fairly

constant, suggesting an increasing management

volume per facility.

Only five of the 152 active facilities in 1990 are

regulated generators managing all wastes on-site. As

requirements for RCRA facilities have been

implemented, the number of generators disposing all

wastes on-site has declined, but the volumes of

wastes managed on-site remain significant.

Management Methods Used in Illinois

Hazardous wastes can be managed using a variety of

different methods. Each method has a unique set of

operating procedures, permit requirements and

applicable waste types. Management methods for

hazardous wastes have been classified into the

following types: treatment and recycling, injection

wells, surface impoundments, landfills, storage,

incineration and land treatment.

Diuing 1990, the majority of the hazardous wastes

managed in Illinois were oil refining wastes. A
treaunent process is used to manage these wastes. A
profile of management methods used in Illinois will
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Table 5.5. 17 Waste Types Used to Categorize Hazardous Waste

Contaminated Sand Soil and Qay
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Table 5.7. Management of Hazardous Waste in Illinois 1988-1990
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be skewed by the method used for oil refining wastes.

Figure 5.12 demonstrates this effect as oil refinery

treatment accounts for 67.2% of wastes managed.

Other than oil refining treatment, Illinois was

dependent on the use of injection wells, landfills and

treatment/recovery methods for the management of

hazardous wastes in 1990.

There was little change in the relative use of different

methods for managing hazardous waste in Dlinois

from 1982 - 1990. Figures 5.13 and 5.14 breakdown

the volume of hazardous waste managed in the state

by management method for every year since 1982.

Figure 5.13 displays information for years 1982-1988

on a gallon basis. Figure 5.14 includes years 1988-

1990 based on total tons. For each year, treatment

and recychng, injection wells, and landfills are used

often. Surface impoundment use has fluctuated more

than the other management methods, likely due to

changes in regulation.

Hazardous Waste Management Methods 1 990

Based on Total Tons Managed

12 2%
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1 1 .0%
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67.2%
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Source: Summary ofAnnual Reports on Hazardous

Waste 1990: lEPA/LPC/92-052.

Figure 5.12
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Table 5.8 Projected Capacity For Commercial Hazardous Waste Management in Illinois

Management Category
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imports. Hazardous waste imports from other States

contribute a significant portion of the wastes managed

in Illinois; they constitute approximately half of the

waste managed at Illinois commercial facilities.

These wastes are generally primary wastes (imported

for destruction, recovery, and/or treatment), secondary

wastes produced from the treatment of primary

wastes, non-recurring wastes from remedial action

sites, and nonhazardous solid wastes that may go to

hazardous waste landfill in Illinois. Future imports

and exports may affect Illinois capacity significantly,

changing the conclusions drawn in the 1989 CAP.

The projections for capacity made in the 1989 CAP
will also be influenced by factors other than imports

to the state. Nonhazardous waste consumes

hazardous waste capacity in Illinois. In 1989, the

volume of such waste was projected to be 1.5 million

tons. lEPA projects that nonhazardous waste

consuming hazardous waste capacity will decrease

50% by the year 1995, but any changes to that

prediction may change the state's capacity needs.

Applications for new hazardous waste facilities and

proposed changes to existing facilities

(expansions/closures) will also change the state's

projections for its hazardous waste capacity needs.

lEPA is producing the second edition of the state's

hazardous waste capacity demonstration. Nationwide,

very little new hazardous waste TSDR capacity has

been added in recent years. Illinois does not seem to

have an immediate hazardous waste capacity problem

today, but one could arise in the future. (The shut-

down of the Chem Waste Incinerator in Chicago will

certainly have an impact on the state's ability to

manage hazardous wastes). The new capacity

demonstration, will provide a better, more up-to-date

look at the state's abiUty to manage wastes and help

identify the issues related to capacity deserving the

most aaention in the future.

wastes. This has generally been the case. A few

notable exceptions exist where waste is managed at

on-site facilities and where unique management

techniques (like underground injection) are available.

Because Illinois has a number of hazardous waste

landfills, incinerators and other treatment and

reclamation facilities, the state attracts shipments of

waste from other areas of the country. Illinois'

commercial hazardous waste management business is

dependent on imports from other states. The CAP
demonstrated to lEPA the need to account for the

effects of secondary waste, with respect to imports.

In some cases, management practices result in larger

volumes but decreased hazard of a particular waste.

The reported volume of wastes imported to Illinois

does not take into account the volume effect some

treatment processes may have. Since the effects of

these secondary wastes have not been included, the

significance of imported waste on the state's capacity

is believed to be understated.

Since 1982, a steady upward trend in the amount of

waste imported and exported has occurred. During

this same period of time, waste transported within the

state has declined. Most of the waste import/export

activity occurs with the states adjacent to Illinois.

IlUnois is a net importer of waste from over 37

different states including Iowa, Michigan and

Wisconsin. Tables 5.9 and 5.10 Ust the top 10 states

importing hazardous wastes to Illinois in 1990 and

the top 10 states to which Illinois generators sent

wastes. If Illinois continues to be a net importer of

hazardous wastes, Illinois' capacity issues may need

to be addressed sooner than in-state generation rates

would dictate.

Management of Waste By County

In Illinois, the management of hazardous wastes does

not occur uniformly throughout the state. Fewer

counties manage hazardous wastes than generate such

wastes. The location of those generators who manage

wastes on site greaUy influences the distribution of

waste management in the State. Figure 5.5 displays

the total volume of hazardous waste managed by

county in 1990.

One would expect that the more industrial areas of

the state would be managing the most hazardous
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Table 5.9. Top 10 States Importing

Hazardous Waste To Illinois

State
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Appendix 5.1: Hazardous Waste Types and

Definitions

Contaminated Sand Soil and Clay (excluding spent

filter media): Waste primarily composed of soil

contaminated by hazardous wastes.

Halogenaied Solvents: Any liquid waste that contains

an organic constituent classified F001-F005 (RCRA
coding), has a greater than 90 percent organic

contents and greater than 0.1 percent organic halogen

content. If halogen content has not been determined

as organic or inorganic, the solvent is included in this

category.

Nonhalogenated Solvents: Any liquid waste that

contains an organic constituent classified F001-F005,

and has greater than 90 percent organic content and

less than 0. 1 percent halogen content. The category

includes solvents, for example, that contain inorganic

halogen salts such as sodium chloride.

Halogenated Organic Liquids: Any liquid waste that

does not contain a constituent classified F001-F005,

has greater than 90 percent organic contents and

greater than 0. 1 percent organic halogen content.

Nonhalogenated Organic Liquids: Any liquid waste

that does not contain an organic constituent classified

F001-F005, an has greater than 90 percent organic

content and less than 0. 1 percent halogen content.

Organic Liquids, Unspecified: Any organic liquid

about which nothing is known except that it's organic

content may be greater than 90 percent.

Mixed Organic and Inorganic Liquids: Any liquid

waste that contains an organic content of 1 percent to

90 percent, regardless of halogen or solvent content.

Inorganic Liquids with Organics: Any liquid waste

that contains an organic concentration of up to 1

percent but no metals exceeding 1 part per million

(ppm).

Inorganic liquids with Metals: Any liquid waste that

contains an organic concentration of up to 1 percent

but no metals exceeding 1 ppm.

Inorganic Liquids, Not Elsewhere Classified (nee):

Acids, alkalies and any inorganic liquid with either

unknown constituents; or reactive constituents such as

cyanide or sulfide; or both metals in excess of 1 ppm

and organics up to 1 percent.

Halogenated Organic Sludges and Solids: Any waste

that contains greater than 3 percent total suspended

solids, with greater than 90 percent organic content

and greater than 0. 1 percent halogen content

Nonhalogenated Organic Sludges and Solids: Any

waste that has greater than 3 percent total suspended

solids, and greater than 90 percent organic content,

but less than 0.1 percent halogen content.

Organic Sludges and Solids, Unspecified: Any waste

about which nothing is known except that it is

believed to contain more than 3 percent total

suspended sohds and have 90 percent or more organic

content.

Mixed Organic and Inorganic Sludges and Solids:

Any waste with more than 3 percent total suspended

solids and an organic content of 1 percent to 90

percent.

Inorganic Sludges and Solids With Metals: Any

waste that contains at least 3 percent total suspended

solids, at least 10 ppm of RCRA regulated metals,

not thought to contain organics beyond trace levels.

Inorganic Sludges and Solids nee: Any waste that

contains 3 percent or more total suspended sohds

with other characteristics unknown, or that is reactive

due to cyanide or sulfide, or contains both metals in

excess of 10 ppm and organics of up to 1 percent.

Otiier Wastes: Any waste that is explosive, highly

reactive, contaminated by dioxins, hazardous and

mixed PCB's or radioactive waste, laboratory packs,

or contaminated gases.
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The vast majwity of solid waste generated in this

country is classified as nonhazardous industrial waste.

These wastes are regulated under Subtitle D of the

Resource Conservation and Recovery Act of 1976

(RCRA), along with several other types of waste

including, municipal waste, infectious waste,

agricultural waste, mining waste, and oil and gas

waste. Because these wastes pose a threat to human

health and the environment, as evidenced by the soil

and groundwater contamination that has occurred at

disposal facilities, EPA was directed to assess the

adequacy of these criteria for preventing

contamination as part of the 1984 Hazardous and

Solid Waste Amendments.

In 1979, the Illinois Pollution Control Board adopted

regulations governing special waste to eliminate the

unregulated disposal of certain industrial wastes and

to provide a practical alternative to sole reliance on

the then-existing RCRA hazardous waste guidelines.

In Illinois, all solid wastes generated through

industrial or pollution control processes, or those

considered hazardous under RCRA, are termed

"special wastes." Specifically excluded from special

wastes are general household wastes, construction and

demolition debris, landscape waste, uncontaminated

packaging, and uncontaminated machinery

components. Special wastes are regulated by the

Illinois Environmental Protection Agency (EEPA) and

similar data reporting is required regardless of

whether the special waste is hazardous or

nonhazardous. Regulatory requirements for special

wastes depend on the quantity generated, whether the

waste is classified as hazardous under RCRA, and the

methods used to manage the waste. All special waste

treatment, storage, disposal, and recovery (TSDR)

facilities in Illinois must be permitted by lEPA to

accept special wastes.

The lEPA Uniform Hazardous Waste Manifest form

is used to track transfers of all special waste in

Illinois. A manifest must accompany each shipment

of special waste generated in quantities over 100

kg/month. Manifests include only data on special

wastes shipped off-site, not those managed at the

generating facility. Small quantity generators (less

than 100 kg/month) can ship their own waste, but the

receiving faciUty still requires permitting and

manifesting of the wastes they receive.

All TSDR facilities are required to manifest

shipments of nonhazardous special wastes. However,

as of 1990, facihties are no longer required to submit

the information to lEPA. Beginning in 1991,

nonhazardous wastes shipped to off-site management

facilities became subject to annual reporting rather

than manifest reporting. The information required is

similar to that provided on the manifest, e.g.,

identifying the TSDR facility, the generator, the

quantities of waste, and management methods for the

wastes received. The first Nonhazardous Special

Waste Annual Report, which includes wastes reported

for the 1991 calendar year, became available from

lEPA in August 1993.

In 1988 lEPA began collecting data on special wastes

that are managed at the facility where they were

generated (on-site). Facihties report data on special

wastes treated in surface impoundments or on land,

and on nonhazardous wastes landfiUed or stored in a

wastepile longer than one year.

Nonhazardous wastes, as a group, are diverse and

complex in nature and they vary in the risk posed to

human health and the environment (GAO 1990).

Under Illinois' regulatory system the permitting

requirements for transportation and disposal are the

same for all the nonhazardous industrial wastes

generated in the state. To make sound decisions

regarding the regulation and management of these

waste streams it is important to have a system for

classifying them according to the degree of hazard

they pose to human health and the environment. To

this end, a system for incorporating hazard

considerations into the management of nonhazardous

industrial waste streams was developed by the IlUnois

Department of Energy and Nattiral Resources

(IDENR). This system, the Degree of Hazard

system, was adopted into the regulations by the

IlUnois Pollution Control Board in 1990 and is used

as one criteria for lEPA to consider in reviewing an

industry's request to deregulate a nonhazardous

special waste.
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Municipal Solid Waste in the Universe

of Subtitle D Wastes

Subtitle D Wastes

Municipal Solid Waste

Municipal Sludge

Industrial Nonhazardous Waste

Small Quantity Generator Waste

Construction & Demolition Waste

Agricultural Waste

Oil & Gas Waste

Mining Waste

Source: Characterization ofMunicipal Solid

Waste in the United States: 1992 Update

USEPA 1992. EPAI530-R-92-019

Figure 6.1

CHARACTERISTICS AND COMPOSITION
OF NONHAZARDOUS SPECIAL WASTE

Subtitle D wastes, wastes not covered under Subtitle

C of the RCRA, are comprised of a wide variety of

wastes, including industrial nonhazardous waste

(Figure 6.1) (USEPA, 1992). The most recent

estimate of the quantity and types of nonhazardous

industrial waste generated annually in the United

States comes from a telephone survey conducted by

the USEPA (GAG, 1990). According to that survey,

over 7.6 billion tons of nonhazardous industrial waste

were generated in 1985 (Table 6.1). Seventeen types

of industries account for 99% of all the industrial

waste reported. In addition, approximately 31 million

tons of construction/demohtion debris wastes are

generated annually (based on 1970 data) (GAO,

1990).

It was not until 1980 that standards for generators and

transporters of hazardous waste were promulgated by

USEPA and that permit procedures for hazardous

waste programs were in place. A study was initiated

by lEPA in 1979 to survey quantities, types, and fates

of industrial process wastes generated in Illinois

(Chillingworth et al. 1980). Approximately 20.3

million tons of industrial (special) wastes were

Durable Goods

Nondurable Goods

Containers & Packaging

Food Wastes

Yard Trimmings

generated in Illinois at that time (Table 6.2). The

distinction had not been made Ijetween hazardous

(RCRA regulated) and nonhazardous wastes at that

time. Of the 20.3 million tons of industrial waste

generated, 8.1 million tons were coal mining wastes

(sludge and refuse) (lEPA, 1980). Of the 12.2

million tons of waste remaining, 58% (or 7.1 million

tons) were managed on-site. Under current

regulations, the wastes managed on-site would not

have been subject to permit and manifesting

regulations, as would the 4.5 million tons managed

off-site. Nearly half (45%) of the wastes managed

on-site were landfilled, 27% were managed through

deep well injection, and 14% through long-term

storage (lEPA, 1980).

Data on nonhazardous industrial wastes manifested in

1986 were analyzed by the Hazardous Waste

Research and Information Center (HWRIC) (Perry,

1989). The total quantity of special waste treated,

stored, or disposed in lUinois in 1986 was 4.77

million cubic yards. Of that, 79% was nonhazardous.

These data were further analyzed using Standard

Industrial Classification (SIC) Codes. Quantities of

nonhazardous waste generated by Illinois

manufacturers in 1986 and 1990 were compared for

industries within each of the two digit SIC code

groups (Tables 6.3 and 6.4). The 1990 data are those
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Table 6.1. Seventeen Industries That Produce 99 Percent of

All Industrial Waste in the United States in 1985

(in 1,000 tons)

Table 6.2. IlUnois EPA Industrial Waste Survey Summary of

Wastes Generated Annually by Waste Type for the State

Industry
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Table 6.3. Estimated quantity (cubic yards) of nonhazardous special waste generated by

Illinois manufacturers and TSD'ed in Illinois in 1986 (Perry 1989). SIC major groups

and number of manufacturers repwrting in each are given. Major groups are listed in

order of decreasing quantity.

SIC Major

Group
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Table 6.4. Estiinated Quantity (tons) of nonhazardous special waste generated

by Illinois manufacturers in 1990 and shipped off-site. These data represent a

subset of those retrieved fi-om electronic files released by lEPA.

SIC Major

Group
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Table 6.5. Quantity (tons) of special waste (hazardous and nonhazardous)

generated by Illinois manufacturers in 1979.

SIC Major

Group
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Table 6.6. Summary of Nonhazardous Wastes Generated in Illinois in 1991

Waste

Code
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waste management and health care worker safety.

USEPA defines infectious waste as waste that is

capable of producing an infectious disease. The

following factors must be considered in conjunction

with this particular definition: presence of a pathogen

of sufficient virulence, dose, portal of entry, and

resistance of the host.

BACKGROUND

Medical waste includes all waste produced by

hospitals, clinics, physicians offices, veterinaries,

nursing homes and other medical or medical research

facilities. Included in this defmition are the following

commonly categorized waste types: general solid

waste, red bag - generated in the research, diagnosis,

treatment or immunization of human beings or

animals, and pathological - human and animal

remains, body fluids and cultures.

Definition

The definition of a waste determines the selection of

the management method and therefore the cost borne

by the generator. Consequently, definitional

differences are very critical. The infectious

component of the medical waste stream has never

been uniformly defined. Due to the disparate

concerns and perspectives of regulatory organizations,

research, industry and medical providers, there is no

universal definition applicable to suit their respective

needs.

Development of a definition for infectious wastes is

difficult. There are no tests available to objectively

identify infectious wastes, unlike chemical or

radiological (cancer treatment) wastes. Therefore,

state and federal agencies rely on identification of

infectious wastes based upon waste category and

composition. The Illinois statutory definition of

potentially infectious medical waste is included at the

end of this chapter.

There are two sets of federal guidelines for generators

of medical waste. These dissimilar guidehnes were

developed by the United States Environmental

Protection Agency (USEPA) and the Center for

Disease Control (CDC), respectively. Each set was

written with a different objective in mind. For

example, the CDC guidelines were developed for

health care worker safety. USEPA's definition was

meant to apply to waste management. The result is

that neither guideline is totally appropriate for both

Therefore, for a waste to be infectious, it must

contain pathogens with sufficient virulence and

quantity so that exposure to the waste by a

susceptible host could result in an infectious disease.

While this particular analysis appears to be

straightforward, its application may be difficult

While a waste generated by a single individual may

be easy to categorize under this test, wastes produced

by multiple individuals in multiple locations within a

generator site may not be.

The CDC guidelines adopted in 1987, are commonly

referred to as universal precaution procedures. These

guidehnes provide that blood and body fluids from all

patients be considered potentially infected with HIV
and/or other blood-borne pathogens and that health

care workers adhere rigorously to infection control

precautions. These very broad guidelines lead to

some interpretative problems. Consequently, in 1988

CDC issued clarified guidelines. The universal

precaution procedures are now limited to blood and

other body fluids containing visible blood, semen and

vaginal secretions, and to other specified fluids.

Notwithstanding the definitional differences, the EPA
and CDC guidelines both designate pathological

waste, blood and blood products, contaminated sharps

and microbiological wastes as infectious.

Regulatory History

Historically, infectious wastes received little federal

regulatory attention. However, in response to the

infamous east coast beach wash-ups of 1988,

Congress passed the Medical Waste Tracking Act of

1988. This law merely authorizes USEPA to conduct

a national medical waste backing and research study.

It will focus on issues relative to medical waste

management and generation that may form the basis

of national pohcy and regulation.

The USEPA, under the Resource Conservation and

Recovery Act (RCRA), and the Clean Air Act (CAA)

and the Occupational Safety and Health

Adminisu-ation under the Occupational Safety and
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Health Act (OSHA) have the authority to regulate

different aspects of infectious waste management.

OSHA's authority extends to areas concerning

worker safety. EPA on the other hand, may regulate

transportation, disposal, labehng, packaging, disposal

and treatment. Medical radiological wastes are

cunently regulated by the Nuclear Regulatory

Commission standards.

RCRA's statutory definition of hazardous waste

includes infectious as a defining characteristic.

However, when the waste management regulations

were developed in the late 1970's, USEPA elected to

classify infectious wastes as neither hazardous nor

solid waste. The final USEPA rules, issued in 1980,

stated that infectious waste regulations would be

proposed at a later date. USEPA stated that not

enough information on the subject was available at

the time to support the promulgation of federal

regulations. To this date, no federal solid waste

management regulations have been proposed.

Over the last five years there has been an increase in

public concern regarding infectious waste

management practices. Due to the lack of federal

regulations, many states and local governments have

enacted laws and ordinances to control the

management and transportation of infectious wastes;

44 states had such laws. This reflects public support

for regulation of medical waste. There currently

exists a large variation in the laws governing

infectious waste across the country. As the

patchwork of regulations has developed, so has

concern that stricter regulations in one state or

locality may encourage the shipment of wastes to

other places that do not have infectious waste laws.

The understanding and interpretation of a myriad of

environmental laws make compliance difficult for

both generators and management facilities.

Illinois Regulations

Like many other states around the country, Illinois

has undertaken the regulation of medical wastes. The

Illinois EPA (lEPA) has effectively administered

regulations pertaining to disposal, transport and

treatment of medical wastes for several years.

Beginning in 1985, the Illinois Environmental

Protection Act (111. Rev. Stat. 1991, ch. UIV^, par.

1001 et seq.) . designated medical wastes as "special"

wastes. Additionally, solid waste regulations at 35

111. Adm. Subtitle G, Subpart F, Sections 700.601-

700.605 were promulgated to further regulate hospital

medical waste management. These regulations,

require that infectious hospital waste be rendered

innocuous by sterilization or incineration prior to

disposal and that it be manifested for transportation to

a treatment or disposal facihty.

In response to pubUc pressure, the 1991 legislative

session saw the adoption of amendments to the

Illinois Environmental Protection Act. To implement

the changes, regulations at 111. Adm. Code Title 35:

Subtitle M, Chapter I, Part 1420-1422 were written.

These regulations put forth a state definition of

infectious waste (Potentially Infectious Medical

Waste, PIMW). PIMW is defined as a "special"

waste generated in connection with the diagnosis,

treatment, or immunization of human beings or

animals; research pertaining to provision of medical

services; or production and testing of biological

items. (This definition is consistent with the USEPA
guideUnes.)

The Illinois PIMW regulations affect transportation,

storage, treatment and disposal of PIMW such that:

• Effective January 1, 1992, PIMW was

banned fi-om landfill disposal except for

sharps where (1) the infectious potential

has been eliminated by treatment, and (2)

the sharps are packaged in accordance

with the Act and effective regulations.

Starting January 1, 1992, PIMW must be

transported by a permitted PIMW hauler

with a completed manifest.

The imposition of a 1.5 cent per pound

transportation fee is also effective July 1,

1992.

• PIMW may only be transported to a

storage, treatment or transfer facility that

has been permitted by the lEPA.

On June 17, 1993, The lUinois Pollution Control

Board adopted final regulations for the treatment,

storage and transfer of PIMW and Standards for the

transportation, packaging and labeling of PIMW. The

adopted rules amend 35 111. Adm. Code 1420 and add

new Parts 1421 and 1422 to the Board's regulations.

Many states, including Illinois have regulations that

set emission limits for medical waste incinerators.

lUinois regulations prescribe particulate and carbon

monoxide emission limitations for incineration (111.

Adm. Code Title 35: SubtiUe B, Chapter I, Subpart

D, Sections 216.141 and 212.181-212.185).

Under the Clean Air Act Amendments of 1990, there
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are requirements for EPA to regulate medical waste

incinerators. The development of Illinois regulations

to implement the CAA allows the stale an opportunity

to adopt specific emission limitations applicable to a

broader range of pollutants and incinerator units.

Reduction of toxic emissions from incinerators,

beyond those required by the USEPA, is therefore

possible. USEPA has yet to develop testing

guidelines regulating biological emissions from

medical waste incinerators. A proposal of medical

incineration regulations under the Clean Air Act is

expected in March 1994 and promulgation in August

1995. lEPA will have one year to promulgate

regulations in accord with federal guidelines for

existing medical waste incinerators. Medical

incinerators will have 3 years to comply.

History of Medical Waste Generation and
Management

The actual amount and composition of medical waste

generated presently and in the past are not known.

Estimates exist, but these are not based on hard data.

General hospital solid waste has always been

considered part of the municipal soUd waste sueam.

For this reason, no specialized tracking or reporting

systems were implemented nationally to collect

accurate data. Even though Ilhnois has regulated

hospital hazardous waste as special waste since 1985,

data is not available specific to waste volumes and

composition. Without reliable data on generators,

treatment facilities, waste volumes and composition, it

is difficult to write new regulations and to estimate

their impact.

MEDICAL WASTE GENERATION

Categorization of Waste Generators

Medical wastes are generated by a wide variety of

both private and public organizations. According to

the Illinois Department of Public Health in 1990,

there are 69 ambulatory surgical health centers, 242

rural health clinics, 1245 nursing homes, 4258 labs,

and 99 renal disease centers in Illinois. The 1990

American Hospital Association, Guide to the Health

Care Field, lists Illinois with 249 licensed hospitals.

The Illinois Department of Professional Regulation

has 8,080 dentists registered to practice in this state.

Combined there are at least 14,200 potential

generators of medical waste in Illinois. This figure

does not account for the blood banks and

veterinarians.

It is generally accepted that hospitals produce the

largest volume of medical waste per patient (as

opposed to physician's offices, blood banks, etc.). It

is therefore important to note trends that may affect

their rate of waste production. For example, more

surgeries produce more waste per patient.

Information from the U.S. and Illinois Statistical

Abstracts show that Illinois is consistent with national

trends in health care services. From 1972 to 1989 the

number of hospitals declined by 36 percent; the total

number of beds decreased by 46 percent (Figures 7.1

and 7.2). Although national occupancy rates for

hospitals declined from 84 to 68 (average daily

census to every 1(X) beds), the number of surgical

operations increased by almost 21 percent (Figures

7.3 and 7.4). Illinois on the other hand seems to

have maintained the status quo with respect to

number of surgical procedures. No factors are

identified which would alter this trend in the near

future.

Characterization of the Waste Stream

Little reliable information exists on the composition

of medical wastes. It is appropriate to say that

medical waste is heterogeneous in nature and is

generally composed of refuse (office paper, food

waste, and non-infectious patient waste), infectious

waste (pathological wastes, human blood and blood

products, contaminated sharps, anatomical wastes and

isolation wastes), hazardous wastes (waste

pharmaceuticals, cytotoxic agents used in

chemotherapy, mercury or other heavy metals) and

radioactive wastes. However, even the above

composition varies depending on the type of services

offered by the generator facility and the daily

activities and procedures performed. It is therefore

difficult for both generators and the regulatory

agencies to predict the volume and characterization of

waste produced on a regular basis.

In order to understand the waste generation and

management issues of medical waste it is important

to analyze the composition of the waste stream. The

following characterization of hospital waste was taken

from USEPA 's Hospital Waste Combustion Study:

Data Gathering Phase. (This research was originally

presented by A.C. Jenkins. Evaluation Test on a

Hospital Refuse Incinerator at Saint Agnes Medical

Center. Fresno, CA. (California Air Resource Board,

Stationary Source Division, January 1987)). The

Jenkins data illustrates that on a per weight basis,

hospital waste is composed of approximately 65%

55



MEDICAL WASTE

Number of Illinois Hospitals 1972-1989 Number of Illinois Hospital Beds 1972-1989

400

300

200 -

100 -

1972 iy/y laob

Year

Source: US. Statistical Abstract,

Illinois Statistical Abstract

Figure 7.1

1dd2

400

300

200 -

100 -

1972 1979 1986

Year

Source: U.S. Statistical Abstract,

Illinois Statistical Abstract

Figure 7.2

1992

Illinois Hospital Occupancy Rate* 1960-1989

77 7%

1960 1970 1980

Year

'Ratio of average daily census to every 100 beds

Source: U.S. Statistical Abstract,

Illinois Statistical Abstract

Figure 7.3

67.2%

1989

Number of Surgical Procedures in Illinois

Per 1000 People

100

80

V)

8
^^l-

O
Q.

* 40 h
E
3

20 -

87

63

^

82

65

1988 1989

Year

Hin-Palient QOut-Patient

Source: U.S. Statistical Abstract,

Illinois Statistical Abstract

Figure 7.4

1990

56



MEDICAL WASTE

paper, 30% plastic, 5% other and 10% moisture

(percentages do not add to 100 since they are

approximations).

This study shows that a large portion of the waste

stream is combustible. Paper products and plastics

constitute 95 percent by weight of the waste stream.

These materials have high Btu values and may
produce toxic emissions when burned.

The volume of infectious waste produced by a facility

can vary widely, depending on infectious material

guidelines or practices employed. For example, using

CDC guidelines for infectious wastes approximately 3

to 5 percent of a hospital's total waste stream would

be classified as infectious. Using USEPA guidelines,

10 percent would be classified as infectious. Using

the Universal Isolation Precaution Guidelines of

August 1987, the volume could be at least 80 percent

of the total. Additionally, if infectious waste is

mixed with a non-infectious waste, the entire quantity

is considered infectious. For purposes of cost

containment and infectious control management, most

hospitals have some type of waste segregation

practice in place.

A 1984 study of Illinois hospitals revealed that 85

percent of a hospital's waste stream can be

categorized as general refuse. The remaining 15

percent is contaminated with infectious agents. This

is close to the 10 percent estimated using the USEPA
guidelines.

Volume of Medical Waste Generated Over

Time

Several limited studies attempted to determine the

current volume of medical waste generated nationally.

These studies have relied upon small samples, best

estimates and statistical manipulation to produce

results.

The Office of Technology Assessment's Issues in

Medical Waste Management, Background Paper,

includes national estimates of medical waste

generation. According to this report, the USEPA
estimates that approximately 3.2 million tons of

medical waste from hospitals are generated each year,

which is about 2 percent of the total municipal solid

waste stream. Other estimates range from 2.1 to 4.8

million tons. USEPA believes that most generators

of medical waste designate between 10 and 15

percent infectious. This means that using the 15

percent figure, 210,000 to 720,000 tons per year are

infectious waste. These figures do not include

medical wastes from sources other than hospitals.

In 1987, USEPA reported that hospitals generated

approximately 13 pounds per bed per day of medical

waste. Other studies dispute this number and propose

a range of between 8 to 45 pounds per bed per day.

A Florida study of seventeen hospitals show an

average of 23 pounds per bed per day generated.

Comparing the results of an 1980 survey in North

Carolina, showing an average generation figure of 10

pounds per bed per day, to either the USEPA figure

of 1 3 pounds or the Florida study of 23 pounds, a

significant increase appears to have occurred over the

past ten years.

Hospitals indicate that the amount of disposable

materials, including plastics, has increased

dramatically in recent years. This would support the

studies that show there has been a per bed increase in

waste generation over the past decade.

MEDICAL WASTE MANAGEMENT

There are several treatment methods used for medical

waste including the following: thermal inactivation,

irradiation, incineration, microwave treatment, steam

sterilization, grinding and shredding, gas sterilization,

compaction, and chemical disinfection with grinding.

Of these, incineration and autoclaving (stream

sterilization), are predominantly used by generators

prior to off-site disposal.

There are few commercial medical waste incinerators

in the counuy. Illinois has one commercial

incinerator and no commercial autoclaving facilities

in operation today. Therefore, in this state a majority

of incineration and all sterilization occur on-site

where the waste is generated. Users of commercial

treatment facilities include small generators, e.g.,

dentists, doctor's offices, etc.

Unlike municipal refuse incinerators that only bum
wastes received from off-site, non commercial

medical waste incinerators only bum waste that is

generated on-site. Consequently, they are small units

usually located in well-populated areas. On-site

medical waste incinerators are relatively inexpensive

to operate, require a minimum amount of operator

training and are generally not subject to extensive

regulatory review, testing and oversight. Incineration

reduces the volume of material going to landfill,

thereby reducing the cost of disposal to the generator.
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The mixing of waste types is a problem that effects

proper disposal and treatment. If on-site incineration

occurs, it is likely that some of the facility's waste is

mixed, i.e., general refuse mixed with pathological

waste. If the waste is shipped off-site it is likely that

proper segregation occurs due to the costs involved

with treaunent and disposal of different waste types.

Federal laws do not require hospitals to report the

type and quantity of medical waste incinerated or

sterilized on-site. For this reason, most estimates are

based upon small studies of on-site hospital waste

management practices. From a 1983 American

Hospital Association survey, 67 percent of U.S.

hospitals use on-site incinerators; 16 percent use only

autoclave systems and then landfill; and

approximately 15 percent use off-site treatment

exclusively. While these numbers probably still hold

true in 1993, there appears to be a trend toward off-

site treatment due to the changing regulatory climate

and pressure from the public to remove treatment

from the hospital premises.

Beginning in 1993, Illinois PIMW facilities are

required to report volumes of waste managed on-site.

Autoclaving

Autoclaving, or steam sterilization, is a process to

sterilize medical waste prior to disposal in an off-site

landfill. Since the mid-1970's it has been a preferred

treaunent method for micro biological laboratory

cultures. Other wastes (e.g., pathological tissue,

chemotherapy waste, and sharps) may not be

adequately treated by some sterilization operations,

however, and therefore is incinerated. No data exists

on national autoclaving quantities.

Incineration

The typical medical incinerator is located in an urban

area close to buildings. This is true for all types of

generators, e.g., hospitals, chnics, crematoriums and

veterinary clinics. Most incinerators have short

stacks that may allow emissions to enter the building

air. Many on-site incinerators are old and lack

control equipment. This results in relatively high

emission rates and production of quantities of

contaminants of high risk. It is likely that waste

streams may be mixed, and the potential for complete

destruction of pathogens is questionable. (Mixed

waste streams consist of wastes with heterogeneous

composition, e.g., chemicals, moisture, organic

material and plastic content.) Hospital waste is

seldom pre-processed; it is burned in bulk on a mass

feed basis. Incinerator operators have minimum
operator training. Most medical incinerators are

operated on an intermittent basis. Frequent startups

and shutdowns may lead to incomplete combustion

and the formation of dioxins and furans. Individually

and collectively, hospital incinerators bum much less

waste than do municipal incinerators. Hospital

incinerators usually have a capacity to bum from 50

to 1500 pounds per hour. Most units fall toward the

low end of this range.

The objective of incineration is to reduce the size and

mass of the waste and to render it innocuous (no

longer infectious). Specific problems related to

medical waste composition include variable ash

content, low heating (Btu) value and corrosive

materials. Factors that can influence combustion

performance are fuel feeding patterns, air supply and

distribution, heat transfer, and ash disposal.

The autoclaving process includes the containment of

bags of waste in a pressurized chamber for roughly

15 to 30 minutes. Temperatures are usually

maintained at 250°F to 270°F. Various factors

(moisture content, volume and density of material)

have an important influence on the effectiveness of

the autoclaving sterilization process. Autoclaving

parameters of temperature and residence time (how

long the waste stays in the autoclave at the optimum

temperature) determine the extent of the sterilization.

Many hospitals have switched from autoclaving to

other forms of waste management due to various

factors. Problematic operating conditions can easily

lead to incomplete sterilization of the waste.

Landfills frequently do not accept autoclaved waste as

it is not possible to verify sterilization.

Med X in Clinton, Illinois, is this state's only

commercial medical waste incinerator. It has two

fixed hearth units, each rated at 1500 pounds per

hoiu". Trade Waste Incineration, a hazardous waste

incinerator in Sauget, is permitted to accept medical

waste, but does so on a limited basis.

Classification of Incinerators

For many years incinerator purchasers have relied

upon a waste classification system developed by the

Incinerator Institute of America (Table 7.1). This

system primarily is used for small, non specialized

incinerators usually purchased by hospitals, stores and

small businesses for on-site waste disposal. The

incinerator manufacturers design, test and market

different models according to this classification
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Table 7.1. Incinerator Institute of America Solid Waste Classifications

TypeO
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downs may lead to the volatilization of certain waste

components, including pathogens. To reduce

formation of precursors, increased mixing time and

temperature are required. Sophisticated combustion

controls and monitors that regulate the level of

oxygen in the furnace can improve destruction of

precursors. Table 7.2 presents the results of a

comparative study completed by USEPA on

municipal and hospital incineration facilities.

Table 7.2. Dioxin and Furan Emission Concentrations (in

ng/Nm')

Table 7.3. Concentrations of Constituents in Emissions from

Hospital Incinerators Without Particulate Control Devices

Facilities
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Table 7.4. Fly Ash from Municipal and Hospital Incinerators

(ng/Nm', equivalent to parts per billion)

Incinerator Type
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If the above cost figures are applicable to this state,

the cost of on-site incineration is lower than is the

cost of commercial off-site incineration. This could

account for the increase in the number of on-site

incinerators built over the past several years.

ILLINOIS FACILITIES

A review of lEPA data on permitted medical waste

incineration facilities for the years 1983 through 1989

shows an increase in the number of incinerators

located in Illinois. See Figure 7.5.

Incinerators are located at a wide variety of both

public and private business and service entities.

Table 7.5 lists the Standard Classification Codes

(SIC) describing facilities where incinerators are

located.

Number of Illinois Incinerators That

Burn Medical Waste

Table 7.5. Incineration SIC's:

Hazardous Waste

Type 4, 7 and Hospital

Poultry production
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Source of Total Suspended Particulates from

Medical Waste Incinerator Facilities

64
72.0

36.0%
28.0%

1983 1985

75 0"'

80

25 0%
).0%

1987 1989

BMedical Facilities DNon-Medical Facilities

Sowce: DENR Review oflEPA Data, 1993

Figure 7.6

will the volume of medical waste produced. Better

understanding and application of infectious definitions

may also serve to increase the amount of waste

requiring infectious management practices.

Trends in Medical Waste Management.

The current popularity of on-site management may
change if regulations are enacted that force

compliance with more complex and expensive

pathogenic standards, emission controls and ash

disposal methods. Generators may be compelled by

the cost of control equipment, operator training, stack

testing and insurance to seek off-site waste

management It is likely that this will result in the

building of more commercial facilities. Existing

commercial facilities may find the market strong

enough to seek permits to accept medical wastes.
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Appendix 7.1: Illinois' Potentially Infectious Medical Waste Definition

"Potentially infectious medical waste" means the following types of waste generated in connection with the

diagnosis, treatment (i.e., provision of medical services), or immunization of human beings or animals; research

pertaining to the provision of medical services; or the production of testing of biologicals:

Cultures and stocks. This waste shall include but not be limited to cultures and stocks of agents

infectious to humans, and associated biologicals; cultures from medical or pathological laboratories;

cultures and stocks of infectious agents from research and industrial laboratories; wastes from the

production of biologicals; discarded live or attenuated vaccines; or culture dishes and devices used to

transfer, inoculate, or mix cultures.

Human pathological wastes. This waste shall include tissue, organs, and body parts (except teeth and

the contiguous structures of bone and gun); body fluids that are removed during surgery, autopsy, or

other medical procedures; or specimens of body fluids and their containers.

Human blood and blood products. This waste shall include discarded waste human blood, blood

components (e.g., serum and plasma), or saturated material containing free flowing blood or blood

components.

Used sharps. This waste shall include but not be Umited to discarded sharps used in animal or human
patient care, medical research, or clinical or pharmaceutical laboratories; hypodermic, intravenous, or

other medical needles; hypodermic or intravenous syringes; Pasteur pipettes; scalpel blades; or blood

vials. This waste shall also include but not be limited to other types of broken or unbroken glass

(including sUdes and cover slips) in contact with infectious agents.

Animal waste. Animal waste means discarded materials, including carcasses, body parts, body fluids,

blood, or bedding originating from animals inoculated during research, production of biologicals, or

pharmaceutical testing with agents infectious to humans.

Isolation waste. This waste shall include discarded waste materials contaminated with blood,

excretions, exudates, and secretions from humans that are isolated to protect other from highly

communicable diseases. "Highly communicable diseases" means those diseases identified by the Board

in rules adopted under subsection (e) of Section 56.2 of this Act.

Unused sharps. This waste shall include but not be limited to the following unused, discarded sharps:

hypodermic, intravenous, or other needles; hypodermic or intravenous syringes; or scalpel blades.

Potentially infectious medical waste does not include:

waste generated as general household waste;

waste (except for sharps) for which the infectious potential has been eliminated by treatment; or

sharps that meet both of the following conditions:

the infectious potential has been eliminated from the sharps by treatment; and

the sharps are rendered unrecognizable by treaunent.

64



MEDICAL WASTE

SOURCES

USEPA. 1990. Medical Waste Management in the

United States, First Interim Report to Congress, May
1990, EPA/530-SW-90-051A.

Moyer, C, Francis, M.A., Callaghan, C.B. 1992.

Clean Air Act Handbook, A Practical Guide to

Compliance, 1992.

1990 American Hospital Association Guide to the

Health Care Field.

USEPA. 1990. Medical Waste Management in the

United States, Second Interim Report to Congress,

December 1990, EPA/530-SW-90-087A.

OTA. Issues in Medical Waste Management,

Background Paper , Congress of the United Stales,

Office of Technology Assessment, Washington, D.C.

USEPA. 1986. EPA Guide for Infectious Waste

Management, USEPA, Office of Solid Waste and

Emergency Response. May 1986. EPA/530-SW-86-

014.

An Environmental Review of Incineration

Technologies , Institute for Local Self-Reliance,

October 1986.

"Bacterial Emissions From Incineration of Hospital

Waste", prepared by: University of Illinois at

Chicago, School of Pubhc Health, P.O. Box 6998,

Chicago, Illinois.

Illinois Environmental Protection Act

lEPA Progress.

USEPA. 1988. Hospital Waste Combustion Study:

Data Gathering Phase , USEPA, Office of Air

Quality, Planning and Standards, EPA^50/3-88-017,

December 1988.

Jenkins, A.C., "Evaluation Test on a Hospital Refuse

Incinerator at Saint Agnes Medical Center, Fresno,

CA. ' CaUfomia Air Resource Board, Stationary

Source Division, January 1987.

Ilhnois Statisucal Abstract 1972. 1973, 1980, 1981.

1992.

Statistical Abstract of the United States 1989.

Office of Management and Budget, Standard

Industrial Classification Manual 1972.

Office of Management and Budget, Standard

Industrial Classification Manual 1987.

65





LOW LEVEL RADIOACTIVE WASTE

LOW LEVEL RADIOACTIVE
WASTE

Dana Curtiss

DENR Office of Research and Planning

Low Level Waste (LLW) describes various

radioactive materials that are no longer usable and

materials that have been radioactively contaminated.

LLW is defined as "radioactive waste not classified

as transuranic waste, high level radioactive waste,

spent nuclear fuel, or byproduct material (mill

tailings)," as defined in Section lle.(2) of the Atomic

Energy Act of 1954 (42 U.S.C. 2014) LLW can be

gaseous, solid or liquid. Any time radioactive matter

is used as part of an activity, some LLW is

generated.

Radioactive materials, including LLWs, are regulated

by state and federal agencies. This discussion does

not include LLW owned or generated by the U.S.

Department of Energy, the U.S. Navy naval vessel

decommissioning, or LLW generated as a result of

atomic weapons programs.

There are several agencies involved in the regulation

of radioactive materials and disposal of LLW. The

primary federal regulators are the U.S. Nuclear

Regulatory Commission (NRC) and the U.S.

Environmental Protection Agency (USEPA). In

addition, the U.S. Department of Transportation

provides rules for the transport of radioactive

materials. State governments, including Illinois, also

have regulatory responsibilities. In Illinois that

responsibiUty lies with the Department of Nuclear

Safety (IDNS).

U.S. Nuclear Regulatory Commission

Under the Atomic Energy Act of 1954, the NRC is

responsible for licensing and regulating certain

nuclear facilities including commercially operated

nuclear power plants and the production, use,

ownership, distribution, importation and exportation

of special nuclear materials, source material and by-

product material. Amendments to the Atomic Energy

Act allow for the NRC to delegate authority to states

for regulatory control. Illinois was granted

Agreement State status in June of 1987. This

agreement has allowed Illinois to develop its own

regulations to protect the public health and safety.

Such state regulations must be as stringent as the

equivalent NRC regulations.

U.S. Environmental Protection Agency

The USEPA is authorized to regulate radioactive

materials in specific areas concerning environmental

radiation standards, radiation exposure Umits, air and

water pollution control, regulation of ocean dumping,

maintenance of drinking water purity and control of

hazardous substances.

Illinois Department of Nuclear Safety

In 1983, in response to the federal Low-Level

Radioactive Waste Policy Act of 1980, the State of

Illinois adopted the Low-Level Radioactive Waste

Management Act. The purpose of this act was to

establish a comprehensive program for the storage,

treatment, transportation and disposal of LLW in

Illinois. The IDNS is the agency charged with

carrying out the provisions of this Act.

The federal Low-Level Radioactive Waste Policy Act

of 1980, established the policy that each state should

be responsible for assuring disposal capacity for

much of the LLW generated within its own borders.

Under this legislation, states were encouraged to

establish their own disposal facility or to form

compacts with other states to develop regional

disposal capacity. In 1984, Illinois joined with the

state of Kentucky to form the Central Midwest

Interstate Low-Level Radioactive Waste Compact

(CMC). In 1987, the CMC designated Illinois as the

host state for the disposal faciUty since 95 percent of

the waste volume that will be disposed of in the

facility comes from Illinois. Operating under a

deadUne of January 1, 1993 for the continued

disposal of its waste out of state, IDNS has been

working to establish a site for the CMC facility. As

the January 1 dale has passed, disposal of LLW out

of state is still ongoing until June 30, 1994. A
regional disposal facility may not be ready until 1999.

LOW LEVEL WASTE GENERATION

In order to present treatment, disposal and generation

issues, it is important to understand the regulatory

classification of low level radioactive wastes. Such

classifications are an indicator of potential for

radiation hazards. LLW is measured by its volume,

consisting of the space occupied by the waste,

binding agents and containers used for transportation

and disposal. The radioactivity is measured in curies.

A curie is the quantity of radioactive material that

will produce 37 billion disintegrations per second.
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Half-life refers to the time required for a radionuclide

to lose one-half of its radioactivity by natural decay.

The longer lived the substance, the lower the

emission rate. To determine the degree of hazard,

therefore the classification, it is important to identify

the half-Ufe, the type of radiation and the energy

level.

The NRC established a classification system and a

corresponding waste acceptance criteria for regulation

of LLW. This system of classification was adopted

under IlUnois statutes. According to these

regulations, LLW suitable for land disposal is placed

in one of three categories: Class A, B or C. Class A
wastes have the lowest radiologic hazards and class C
have the highest. The greater the radiologic hazard,

the more disposal safeguards apply to the waste.

Wastes with a classification greater than Class C,

would generally not be suitable for disposal in a

LLW facility under federal law.

Number of LLW Generators in IL

The Illinois Low-Level Radioactive Waste

Management Act (111. Rev. Stat. 1984, Supp., ch. 11

1/2, par. 241-1 et seq.) specifies that generators of

low level radioactive waste in Illinois are required to

submit an annual survey report providing information

to the Illinois Department of Nuclear Safety (IDNS).

A generator of LLW refers to an entity producing or

possessing LLW in the course of manufacturing,

conducting research, providing medical services, or

pursuing other activities. Since 1985, generators of

LLW in Illinois have been required to provide

information about the types and volumes of LLW
they stored or shipped for disposal each year. IDNS
also requires information about waste treatment

procedures or technologies used to reduce the amount

of LLW. The survey information has been used by

IDNS to produce annual reports of LLW generators.

This information has provided a substantial basis for

planning and regulatory initiatives related to LLW
that have been undertaken in Illinois.

sludge, activated plant components and control rods,

contaminated paper, glass, tools, protective clothing,

wood and other trash. LLW typically generated by

fuel-cycle facilities includes sealed radioactive

materials used in gauges, product sterilization and

industrial radiography, depleted uranium slag,

contaminated piping, wiring and other hardware.

Industrial LLW generators include private

organizations that provide products or services to the

private and public sectors. Radiopharmaceutical

manufacturers and radiopharmacies are included in

this category of LLW generators. These generators

produce nearly all types of LLW. Medical facilities

consisting of hospitals, medical centers, clinics,

laboratories and private medical offices produce a

variety of LLW. Low level medical waste consists of

lab equipment, animal carcasses containing residual

radioactive tracers, sealed radioactive sources used in

cancer therapy and liquids. Academic LLW
generators include both public and private

universities. These facilities produce wastes similar

to those produced by the medical generators. The

governmental category includes LLW produced by

city, state and federal governmental entities. This

category also includes federal medical faciUties such

as Veterans Administration hospitals. These

faciUties generate nearly all waste types.

All operating reactor and fuel-cycle faciUties are

expected to ship LLW. A large percentage of

medical generators hold their waste for radioactive

decay, thus eUminating the need for LLW disposal.

Some types of waste are produced by many types of

generators. The most common types include: dry

active waste composed of discarded paper products,

cloth, plastic, wood, rubber and scrap metal; and air

filters and air filter media and cartridges. On the

other hand, some types of waste are characteristic of

certain categories of generators. Activated hardware,

for example, is a type of waste that is usuaUy

associated only with nuclear power reactors. This in

effect determines the management options available to

the generator.

The IDNS assigns generators to categories based

upon the activities that produce waste. The activities

are grouped into the following categories: reactor,

fuel-cycle, industrial, medical, academic and

industrial.

The reactor category consists of LLW produced by

thirteen reactors operating at seven nuclear power

stations locations. The LLW typically produced at

nuclear power plants includes spent resins and filters.

Figure 8.1 shows that the total number of generators

of LLW has increased from 245 to 347 since IDNS
began the annual survey report Most of these

generators are considered medical generators. This

increase in number of LLW generators is primarily

attributed to an increase in the medical category.

Figure 8.2 displays the distribution of LLW
generators across the state. The nuclear power

faciUties are specifically identified. Two reactor

facilities are located in the Chicago area
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Number of Low Level Waste Generators in Illinois

1984-1991

400

1984 "85 '86 '87 '88 '89 '90 '91

Year

BMedical Generators QNonmedical Generators

Sources: Illinois Department ofNuclear Safety

Annual Survey Reports 1984-1991

Central Midwest Interstate Low-Level Radioactive

Waste Commission Regional Management
Plan (1988)

Figure 8.1

Non-medical generators include those from the following

categories: fuel-cell, research, reactor, industrial, academic and

governmental, other.

In 1984 nuclear power plants were counted by the number of

utility companies and included in the fuel cycle category. In 1985

nuclear power plants were still counted by the number of

companies, but were given their own category separate from other

fuel cycle operations. The 1986 numbers reflect the number of

power plants instead of the number of companies operating them.

Prior to 1985, there was a "research" category. The generators

previously included in this category were regrouped under either

the medical, industrial or the newly formed academic category.

Beginning with the 1990 IDNS Survey "other" was no longer

included as a generator category.

(Commonwealth Edison: Zion and Braidwood). The

remainder of the nuclear power facilities are spread

throughout the northern and central parts of the state.

The non-reactor generators are not broken out by

category but the majority of them are medical and

academic. Of 269 total generators in 1990, 158 are

located in the Chicago area.

Volume of LLW Generated in Illinois

Because of its heavy utiUzation of nuclear power,

Illinois is one of the largest producers and shippers of

LLW in the country. According to data provided by

the U.S. Department of Energy (DOE), Illinois ranked

among the lop 10 stales with respect to the volume

and curies of LLW shipped for disposal between

1984 and 1991.

The annual survey conducied by IDNS has

historically collected information on the volumes of

waste generated and shipped by Illinois LLW
facilities. Eight years of data are presented in Figure

8.3. It is apparent that the largest volume generators

are from the reactor category. Volume fluctuations

can be attributed to potential site closures and

increases in fees.

Since data was first collected, initially by EG & G
Idaho (for the federal government) and later by

IDNS, it was evident that the nuclear power (reactor)

industry is the predominant volume and activity

generator category (Figure 8.3). In the early

reporting years a larger portion of the total LLW
stream could be attributed to the fuel cycle and

governmental categories. In 1984, 70 percent of the

volume was produced by the reactor category

generators. In 1991, 93 percent of the volume was

attributed to the reactor industry.

Since 1984, the total volume of LLW dispxjsed at

licensed facilities has decreased by 55%. The reactor

volume during this period has decreased by 34%
while adding seven reactors. While the volume being

shipped from reactor facilities has increased, the

overall disposal volume has decreased. The basjc

cost for final disposal has increased by more than

300% from 1984 to 1991, prompting utilities to find

more economic methods for achieving greater volume

reduction by sending LLW to processing facilities

before final disposal.

Figure 8.4 shows the total radioactivity shipped from

Illinois generators to LLW disposal sites during this

period. The annual volumes are considered to be

relatively stable except for non-routine circumstances.

The curies shipped have radical fluctuations. These

Huctuations are primarily due to maintenance and

disposal of equipment and the shipment of materials

previously kept in storage. Over 99% of the total

radioactivity shipped in IL is from reactors.
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LEGEND

I - 2 SITES

A 3-4 SITES

® 5-10 SITES

II + SITES

6

Figure 8.2

Cities with Low-Level Waste

Generators

FREQUENCY
2 ALTON
6 ARUNGTON HGKTS
3 AURORA
4 BELLEVILLE
2 BLUE ISLAND
2 CARBONDALE
62 CHICAGO
3 DECATUR
3 DES PLAINES
2 DOWNERS GROVE
2 EAST ST.LOUIS

2 ELGIN
3 ELX GROVE VIL
2 EVANSTON
2 GALESBURG
3 GREAT LAKES
2 HAZEL CREST
2 HIGHLAND PRK
2 HINSDALE
3 HOFFMAN EST.

4 JOLIET
3 KANKAKEE
2 MARION
2 MAYWOOD
2 MELROSE PARK
2 MOUNE
5 MORRIS
2 NAPERVILLE
2 NORMAL
2 OAK PARK
2 PALOS HGHTS
4 PEORIA
3 ROCK ISLAND
5 ROCKFORD
2 SKOKIE
B SPRINGFIELD
3 URBANA
2 WAUKEGAN
2 ZION

NUCLEAR
FACILITY
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Volume of Low Level Waste Shipped Off-Site in

Illinois 1984-1991

by Generator Category
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Figure 8.3

LOW LEVEL WASTE MANAGEMENT

Total Radioactivity of Low Level Waste

Sfiipped in Illinois 1984-1991

145,357

1984 '85 '86 '87 '88 '89 '90 "91

Year

Source: Illinois Department ofNuclear Safety

Annual Survey Reports 19841991

Figure 8.4

Treatment and Reduction of LLW

Disposal

There are three commercial disposal facilities which

have accepted Illinois low level wastes: Barnwell,

SC; Richland, WA; and Beatty, NV. These disposal

facilities receive shipments directly from generators

and from intermediary firms that may treat,

consolidate and repackage waste. No commercial

facihties are expected to be available to Illinois low

level waste generators after June 10, 1994.

Storage On-Site for Decay to Background

Levels

One of the alternatives to off-site disposal is storing

short-lived LLW on-site until the radionuchdes decay

to background levels. This generally means storing

the waste and re-evaluating it after ten half lives, to

ensure radiation levels are at background levels. All

or a portion of the stored waste may then be disposed

of as non-radioactive waste. This is a common
practice for medical, industrial, academic and

governmental generators.

Generators use various treatment techniques to reduce

the volume of waste being shipped or stored. The

motivation for on-site treatment and reduction is

usually one of cost. Due to the rising costs

associated with disposal and handling of LLW, it is

desirable for many generators to reduce the volume

and radioactivity of the waste prior to shipment.

In 1991, 347 generators reported using on-site

treatment and reduction technologies to reduce the

volume of waste being shipped or stored.

Dewatering, standard compaction and solidification of

wastes are the predominant on-site treauncnt methods

used by IlUnois generators for wastes shipped directly

for disposal. Wastes that will be shipped to an

intermediary may be processed using different

treatment and reduction methods since waste often

receives additional treauncnt prior to disposal.

According to the IDNS 1991 annual survey, common
waste reduction methods employed by LLW
generators relate to segregation and sorting of

materials. These methods are relatively inexpensive

to implement, but yield considerable savings to the

generator.
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The application of volume reduction techniques can

lead to significant reductions in the demand for low

level waste management capacity. For example,

IDNS reports that in 1989, final disposal of reactor

generated waste volumes decreased from 184,557

cubic feet to 1 14,122 cubic feet. For more

information relating to low level waste generation by

reactor generators, see the CTAP volume on Sources

of Environmental Stress.

Unnecessary contamination of tools and other articles

can be avoided by restricting the number of articles

allowed to enter contaminated areas. Similarly,

limiting the number of areas within a facility in

which radioactive materials can be used will also

minimize unnecessary contamination of materials.

Sorting of waste by radionuclide, half-hfe or activity

enables generators to segregate materials according to

the manner in which they must be handled and

disposed. Such sorting techniques may be as simple

as providing separately marked trash barrels for

wastes that can be stored for decay, those that can be

incinerated and those that must be shipped for

disposal. Other techniques for treatment and

reduction are listed in Table 8.1.

In 1991, ten Illinois generators from the medical,

academic and industrial categories employed on-site

LLW incineration. Incineration of radioactive

contaminated waste is allowed under state and federal

law. The resulting ash may or may not require

handling as a low level radioactive waste depending

upon the nuclides contained in the waste. Within

limits aUowed by law (32 111. Adm. Code 340.3050)

quantities of certain radionuclides may be vented

from the stack during incineration. Those

radionuclides that do not volitize will be found in the

incinerator ash. It is unusual for incinerator ash to be

sent for disposal since the ash is usually held for

decay to background levels.

generators tend to hold waste for shipment and

therefore may ship waste on an annual basis.

Table 8.1. LLW Treatment and Reduction Methods

abrasive cleaning
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MINERAL EXTRACTION
WASTE

Wastes from Coal Mining

Lisa R. Smith

Illinois State Geological Survey

Coal mining by surface and underground methods has

been practiced in Illinois (fig. 9.1) for more than 180

years. Although the economic benefits of mining have

been great, it has greatly modified the surface of

some areas of Illinois. Of all the earth materials dis-

turbed to recover coal, it is estimated that approxi-

mately 70% is potentially recoverable coal and 30%

is noncombustible waste (S.B. Bhagwat, ISGS, per-

sonal communication Bhagwat 1993). Previous

estimates of noncombustible waste were as high as

50% (Nawrot et al. 1977). In 1991 alone, more than

18 million tons of coal-related waste was generated in

Illinois. (Estimated are based on production statistics.)

In the past, disposal of this waste has been on-site,

conspicuous, and consequential. Regulations in effect

since the 1960s have significantly influenced the

disposal of wastes related to coal mining and made it

less conspicuous and less consequential.

Regulations

In 1962, Illinois' first mining reclamation law, the

Open Cut Land Reclamation Act, went into effect

(Klimstra and Jewell 1973). This act required a

permit to remove overburden in excess of 10 feet

thick and was the first to require reclamation and

bonding of disturbed lands. Reclamation laws specific

to mining wastes have become more demanding

through the years. In 1968, the Surface-Mined Land

Reclamation Act (SMLRA) was passed in Illinois; it

required that mine waste be covered with 4 feet of

material capable of sustaining vegetation and that a

cover be established (Illinois Department of Conser-

vation 1968). In 1972, in response to increased

awareness of health, safety and environmental

impacts of mining, the Illinois Pollution Control

Board Regulations, Chapter 4 - Mine Related

Pollution, implemented environmental controls for the

planning, location, operation, and abandonment of

refuse areas (Nawrot et al. 1982). By 1977, the

federal Surface Mining Control and Reclamation Act

(SMCRA) was passed, setting up a permitting system

with detailed mining and waste reclamation standards

for coal operators. This legislation led Illinois to pass

the 1980 Surface Coal Mining Land Conservation and

Reclamation Act (SCMLCRA), which enabled the

state to enforce the federal laws (SMCRA) and to

fund the Illinois Abandoned Mined Lands

Reclamation Council (AMLRC). The AMLRC is

charged with acquiring and reclaiming abandoned

mine waste sites.

Acreage Affected by Mining

More than 250,000 acres have been affected by sur-

face and underground mining of coal throughout the

state (Illinois Coal Association 1993). Of these,

approximately 103,000 acres were disturbed before

the 1962 mining legislation; wastes deposited and

abandoned during this time were not subject to recla-

mation treatment of any kind. Between 1962 and

1977, approximately 84,000 acres were disturbed and

the wastes deposited during this time were subject to

increasingly restrictive regulations. Since 1977 and

the implementation of SMCRA, approximately 68,000

acres have been disturbed and all of the wastes dis-

posed of on these acres have been subject to the

strictest reclamation laws.

Prelaw and Postlaw Wastes

Coal mining wastes are divided into two categories,

prelaw and postlaw, according to the chronology of

the passing of the rules and regulations pertaining to

them. Although the Illinois Department of Mines and

Minerals (IDMM) and some of the literature suggests

that 1%2 is the division point, the AMLRC considers

abandoned lands mined before 1977 to be prelaw, as

they are eligible for reclamation under AMLRC's

mandate.

The total disturbed acres were inventoried for the

AMLRC in 1980 by the Cooperative Wildlife Re-

search Laboratory at Southern Illinois University at

Carbondale (SlU-C). Portions of approximately

22,500 acres were covered with pre- 1977 coal waste

products: 6,500 acres of abandoned preparation

wastes, 4,300 acres of slurry, and 1 1,700 acres of

abandoned spoilbanks and tipple sites (Nawrot et al.

1977, Nawrot et al. 1982). Of the total pre- 1977

acreage eligible for reclamation by the Illinois Aban-

doned Mined Lands Reclamation Council, 8,582 acres

have been reclaimed (Nutt 1992). These include 2,658

acres associated with surface mining operations

(spoil) and 4,936 acres of refuse as.sociated with wash

plants, cleaning operations, and unwanted waste rock

(AML 1992).
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Coal Mine Locations

IHHHHH

Figure 9.1 Location of coal mining In Illinois.

From ISQS Coal Database. 1993

Coal-bearing strata

Pre-1962 mining sites

Post-1962 mining sites \^
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The AMLRC prioritizes sites to be reclaimed on the

basis of public health and safety hazards and on the

site's potential to substantially degrade the quality of

the environment. Approximately 9,000 eligible acres

of prelaw wastes are still exposed to weathering that

may break them down and release contaminants

through erosion and runoff.

Post-1977 mine operators are required to have a

reclamation plan as part of the permitting process and

be responsible for carrying it out. With the

implementation of the environmental regulations

listed above, post- 1977 mining operation waste sites,

unlike remaining pre-1977 waste sites, should not

pose serious risks to lUinois's environment. To en-

force these laws, IDMM inspects these mining opera-

tions for infractions of standards set by SMCRA to

protect the environment. A total of 147,718 acres has

been affected by surface mining of coal since the

1962 regulations began. Of the total, approximately

74,000 acres have been reclaimed and bonds released

under various laws (IDMM 1990).

Mining Wastes

Waste disposal associated with coal extraction, both

surface and underground mining, occurs at the mine

site. Waste associated with the extraction of coal

consists of spoil at surface mines and roof and floor

waste piles (unwanted waste rock) at underground

mines. Additionally, both pre-1977 surface and

underground mine sites can contain abandoned

buildings and equipment, generally associated with

inactive loading tipples (Nawrot et al. 1982).

Spoil

The overburden materials removed from above the

coal seams at surface mines are termed "spoil." Spoil

associated with post- 1977 mines is redepositcd over

the mined-out area and poses no risk. Pre-1977

standing spoil banks that appear as a series of parallel

ridges or banks, some more than 20 feet high, may be

in need of reclamation. Spoil materials vary in

chemical properties and texture. The relative

proportions of different kinds of rock and the particle

sizes, texture, and aggregation of the spoil material

will promote or prevent revegetation of the spoil bank

(Nawrot et al. 1982). Because a considerable portion

of the spoil in Illinois is glacial in origin (pebbly

clay) and rarely toxic (IDMM 1991), many of the

pre-1977 unreclaimed spoil banks are at least partially

revegetatcd. Some remain unvegetated, however, not

only because they have low soil pH values and high

concentrations of soluble salts (aluminum, calcium,

iron, and rarely, manganese and zinc), but also

because they lack essential plant nutrients and/or con-

tain toxic elements that discourage vegetation

(Nawrot et al. 1982).

Roof and Floor Wastes

Underground mining produces a waste pile com-

prising unwanted roof and floor materials. This pile is

sometimes referred to as "gob," although the term is

somewhat confusing because gob piles are more com-

monly associated with coal cleaning or processing.

Earth materials discarded during the mining operation

make up this gob, which consists of shale, underclay,

concretions of pyrite or various oxides or carbonates,

and other kinds of waste rock hauled up and removed

from the coal mine (Bradford et al. 1987). Many of

these gob piles remain at unreclaimed, pre-1977

underground coal mining sites.

Abandoned Buildings

Abandoned surface and underground mine sites usu-

ally include buildings that housed coal washing,

storage, and loading structures (tipple sites), and

abandoned machinery and equipment. Left to suc-

cumb to the elements, they take on the look and

hazards of an abandoned landfill. Problem sites as

large as 40 acres have been documented, although

most sites are smaller (Nawrot et al. 1982). Many

pre-1940 underground mines have few remaining

buildings, but they do have potentially hazardous

mine openings (Nawrot et al. 1982, Bradford et al.

1987). Pre-1977 mines from the 1950s and 1960s

pose the greatest concern because they have many

abandoned structures and pieces of equipment.

Since 1977, mine operators have been required to

reclaim mine sites to their original contour and land

cover and to dispose of all buildings and machinery.

Before mining begins, operators are required to post

bond with the state. If the operator fails to reclaim

the site within a specified time, the State will use the

bond money to complete the reclamation, including

the removal of machinery.

Processing Wastes

Processing wastes may be generated either at the

mine site or at some central processing plant location.

Almost all post- 1977 Illinois mines either have a coal

processing plant on-site or nearby, or they haul raw

coal directly to the customer. In the past, a few

77



MINERAL EXTRACTION WASTE

operators have hauled coal to a separate central pro-

cessing plant.

During the natural formation of coal, many noncarbon

impurities are entrapped within the coal seam.

Impurities, some of which are potential pollutants, in

the coal seam are metal sulfides (e.g. pyrite) and

layers of shale. Most coal mined in Illinois is cleaned

to minimize these value-reducing portions of the raw

coal. Coal cleaning results in two kinds of wastes:

gob and slurry. Gob is coarse waste material and

slurry is fine refuse. Unreclaimed processing gob and

slurry sites are associated with prelaw surface and

underground mines.

Gob Processing gob consists mostly of rock frag-

ments that are denser than coal and separated from

coal in the cleaning process. The composition and

texture of processing gob varies because of differenc-

es in the mining technique, seam mined, and the type

of coal preparation and disposal method. Coarse

refuse contains varying percentages of shale, other

rock types, and small amounts of coal. Gob piles

compact to varying degrees after deposition and com-

monly have poor soil moisture-retention characteris-

tics. Chemically, preparation gob contains a high

percentage (up to 10%) of pyrite (iron sulfide), which

upon weathering, produces acidic conditions (runoff

containing sulfuric acid) and associated high

concentrations of metallic ions and soluble salts. The

low pH and associated high concentrations of soluble

salts are toxic to plants and commonly inhibit or

prevent reestablishment of vegetation on the gob pile

(Nawrot et al. 1982). Pre- 1977 gob piles may cover

up to 300 acres and can exceed 100 feet in height.

The terraced or cone-shaped piles, if unvegetated,

may be unstable and susceptible to erosion (Nawrot et

al. 1982). Post-1977 gob piles must be reclaimed and

should not pose long term risks.

Some of the first piles of mine gob or refuse con-

tained enough coal to catch fire. Since 1977, the"

AMLRC has dealt with 1 3 fires in gob or refuse

(Association of Abandoned Mine Land Programs

[AAMLP] 1992). What causes spontaneous combus-

tion of the piles is not fully understood, but com-

bustion changes the chemical nature and texture of

the gob. During spontaneous combustion, clay-rich

material is altered to clinker, a hard brick-like mass.

The variable chemical composition of clinker depends

upon the composition of the pile and the temperature

to which the pile was heated (Nawrot et al. 1982,

Bradford et al. 1987).

Slurry The other byproduct of the coal cleaning
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process consists of fine grained solids suspended in

water. Slurry is usually pumped through pipeline to a

settling pond or dewatering impoundment. The small

particle size, uniform texture, and lack of

cohesiveness results in extreme susceptibility of the

dried material to wind and water erosion. Chemically,

slurry is similar to gob, although it contains much

more coal and is characterized by low pH, high

conductivity, and phytotoxic concentrations of soluble

salts and metallic ions (Nawrot et al. 1982). Slurry

impoundments can cover many acres. Abandoned pre-

1977 impoundments range in size to 280 acres. Post-

1977 slurry impoundments can be equally as large.

Slurry impoundments associated with underground

mines were often contained within gob or

combination gob/earthen embankments. In surface

mines, slurry disposal often utilized final cuts, in-

clines, and depressed areas between spoils for con-

tainment (Nawrot et al. 1982).

THE ENVIRONMENTAL RISKS
OF WASTE DISPOSAL

The nature and environmental consequences of coal

mining waste have been well documented in Illinois.

As mentioned, Illinois coal mining-related laws are

intended to protect the environment. Regulations exist

to manage potential pollution from waste disposal at

postlaw mines. Although environmental degradation

occasionally occurs in relation to postlaw mining,

most environmental problems are associated with

prelaw abandoned sites. Abandoned mine waste

refuse piles and unreclaimed spoil represent potential

sources of air pollution, erosion, and runoff (sedimen-

tation), water pollution, and aesthetic degradation.

Air Pollution

Where there is, little or no vegetation to hold down

materials on waste pile slopes or dry sliury ponds,

wind can easily erode materials and carry them to

adjacent lands (Bradford et al. 1987). When surface

material is disturbed and dries out, it can become a

nuisance. According to Nawrot et al. (1982), airborne

particulates from barren or sparsely vegetated gob

piles or spoil banks (generally clayey in nature) can

prevent the exchange of gases by plants, interfere

with pollination, increase susceptibility to disease, and

bruise plant tissue. Thicker deposits of the windblown

material can affect productivity of agricultural lands

and even clog farm machinery (Bradford et al. 1987);

however, these phenomena have not been common in

Illinois. Airborne pollution from spontaneous combus-
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tion in coal waste is also not a significant problem in

Illinois; it is usually local in effect. Burning gob can

release significant amounts of CO, SO2, HjS, nitrogen

oxides, hydrocarbons, and particulates (Nawrot et al.

1982), however, and thus threaten the health of the

local population, restrict visibility, harm vegetation,

corrode materials, and reduce aesthetic values

(Sussman and Mulhem 1964, McNay 1971, Nawrot

et al. 1982). Once this burning starts, it is difficult to

stop. Of less concern is the risk of spontaneous com-

bustion of abandoned prelaw gob piles at active

mines.

Sedimentation

Spoil banks and gob piles that are unstable and/or

unvegetated are subject to severe erosion and runoff

that can result in the accumulation of silt-size

sediment in low lying areas such as bottomlands,

standing surface waters, wetlands, and streams. For

example, silt-size sediments eroded from gob piles

and spoil banks can fill in streams and cause flooding

on lands that use the streams for agricultural drain-

age. Fields may become too wet to farm and other

problems associated with flooding (such as water in

basements) may occur (Bradford et al. 1987). The

sedimentation of low-lying areas could result in the

loss of lake, wetland, or stream ecosystems. Sedi-

mentation associated with prelaw extraction sites has

been a serious problem in Illinois (Nawrot et al.

1982).

Water Pollution

Damage to sffeams and surface waters from runoff at

prelaw refuse areas is well documented in Dlinois

(Nawrot et al. 1982, Energy and Environmental Anal-

ysis 1978 Haynes and Klimstra 1975). Sources of

runoff include mined areas or spoil piles, poorly con-

tained gob piles, and improperly operated or aban-

doned slurry ponds. Gob and, to a lesser extent, spoil

banks contain varying amounts of pollutants, espe-

cially acid-generating compounds (sulfur-bearing

compounds such as pyrite) (Energy and Environmen-

tal Analysis 1978, NAS 1978). Sulfur-bearing com-

pounds in the gob or spoil react with oxygen in the

air and form sulfuric acid, which then leaches out of

the piles and enters adjacent waters through runoff

and seepage. This acid drainage can also contain iron

and other compounds that, if not properly controlled,

degrade water quality. Severe effects from these acid-

generating compounds are less common in Illinois

than in other states because the overburden contains

large amounts of carbonates that neutralize the acid.

Where acid drainage occurs, however, it is especially

problematic because it forms a self-perpetuating cycle

of oxidation, leaching, and erosion (Energy and Envi-

ronmental Analysis 1978).

Slurry impoundments associated with prelaw coal

cleaning operations present similar problems. A sig-

nificant amount of coal remains in the slurry ma-

terials. Along with its associated compounds (pyrite),

this coal refuse can be a source of acidic drainage.

Seepage or overflow from poorly maintained or

unlined impoundments can expose ground or surface

water to the same compounds (Energy and Environ-

mental Analysis 1978, Narwot et al. 1982).

Aesthetic Degradation

Disturbed lands appear in coal-producing areas

throughout the state. They are lands affected by over-

burden removal or deposition, mineral processing

sites, mineral storage sites, or transportation (IDMM
1991). What is offensive to some, however, may be

interesting to others. Scenic vistas associated with

disturbed areas have proven attractive for

development of recreational homesites, sportsman's

clubs, recreational clubs, and state parks. Several pre-

1977 mining areas have become popular public parks;

for example, the effigy site at Buffalo Rock State

Park in La Salle County, Kickapoo State Park in

Vermilion County; and Pyramid State Park in Perry

County.

CURRENT STATUS AND THE
ENVIRONMENTAL IMPLICATIONS

Reclamation Laws

Congress passed laws, such as the SMCRA of 1977,

which set minimum standards for both surface and

underground coal mining operations, particularly

regarding the effects of mining on the earth's surface

(Illinois Coal Association 1992). The laws arc the

result of private citizens and government recognizing

the need to regulate mining activities that have the

potential to adversely affect the environment.

The result was to put coal mining companies on the

same level so that the cost of reclamation and pollu-

tion control would be built into the cost of all coal

marketed by producers. Coal companies must now re-

claim all waste byproducts at po.sl-1977 mine sites.

Disturbed areas must be restored to productive land

or to their premining status. The SMCRA also
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established a reclamation fund to finance the restora-

tion of land that was mined prior to August 1977.

These reclamation laws eliminate most long term

impacts of current coal mining waste disposal; how-

ever, short term impacts may still occur during the

life of a mine and use of a processing site. The

IDMM enforces the mining laws and issues notices of

violations when they are discovered. To minimize the

potentially harmful impacts of coal mining, for exam-

ple, inspectors monitor stripping operations to ensure

(1) that topsoil is removed, replaced at the proper

thickness, and protected from erosion; and (2) that

water quality and impoundment stability are checked

for compliance.

Reclamation Activities

In 1980, an inventory of mined lands was prepared

by the Cooperative Wildlife Research Laboratory

(SIU-C) for the Illinois Abandoned Mined Lands

Reclamation Council. It supplied basic data for a state

reclamation plan for abandoned mined lands, as re-

quired by the SMCRA. Only 10% of all the land af-

fected by mining was identified as problem areas.

Since then, a significant portion of the pre- 1977

mines have been reclaimed; however, approximately

9,000 acres are still in need of some reclamation

(Nutt 1992).

Effective reclamation requirements from SMCRA
have no doubt resulted in eliminating the long term

problem of spoil banks and waste sites at post- 1977

mines. Faced with stringent legislation, industry and

regulatory agencies conducted the research necessary

to devise and implement effective reclamation tech-

niques. During the 1980s, everyone responsible for

the success of these measures was on a steep learning

curve. Now that there is agreement about what works

for reclaiming mined lands, the results of future recla-

mation projects are likely to be excellent (H.H. Bam-
berger, ISGS, personal communication 1993).

Environmental Impacts

Erosion and runoff from unreclaimed, abandoned coal

refuse areas, the legacy of pre-1977 mining, have

made the most impact on the environment. Conditions

likely to be found at gob sites and other unreclaimed

refuse areas include instability and erodibility of the

refuse material, high surface temperatures (which

discourage revegetation), inadequate soil moisture,

nutrient deficiencies, and phytotoxic conditions. On
large gob piles, the unfavorable conditions will con-

tinue to inhibit or limit plant growth (Nawrot et al.

1982). An estimated 30% of the unreclaimed prelaw

acreage remains in this condition (AMLRC 1993).

Most older, smaller refuse areas with thinly scattered

gob have revegetated and show Uttle or no evidence

of past mining activities. Where revegetation has been

inadequate, erosion has resulted in stream and surface

water pollution (Nawrot et al. 1982). Many past

impacts have been recorded in studies related to coal

and water pollution (Hall 1962, Lopinot 1973,

Klimstra and Terpening 1974, NAS 1978, Nawrot et

al. 1982).

At post- 1977 mines, companies offset loss or de-

struction of streams and wetlands by better prevention

and treaunent of acid runoff. Compliance is ensured

by monitoring of surface water associated with

mining sites, as required by the lEPA and regulations

in Title 35: Environmental Protection, Illinois

Administrative Code Subtitle D, which regulates

surface monitoring under the National Pollutant

Discharge Elimination System (NPDES). New studies

are needed to document the affect of current mining

practices.

Windblown particulate matter associated with dry

slurry surfaces produced before 1977 may contribute

to adverse off-site impacts. Usually, these impacts are

localized and cause little concern outside the immedi-

ate area. If prelaw impoundment embankments are

intact and water is retained on the slurry surface,

conditions are often suitable to support vegetation.

Prelaw tipple sites remain a problem, although some

have been turned to good use; for example, some

tipple areas have been converted to salvage yards

(Nawrot et al. 1982).

Secondary Recovery

The environmental impact of the fine material in

slurry impoundments may be offset by the economic

opportunities. Processing coal leaves a fine com-

ponent that ends up in a slurry impoundment and

makes up approximately 40% of the total waste

associated with coal extraction. The loss to coal

production is significant. This waste contains 40 to

55% coal fines—3% to 5% of the total coal extracted

from a mine. If recovered, this coal would be

comparable in heating value and ash and sulfur

content to coal products currently sold.

Modem extraction methods produce even more coal

fines than did past mining practices. The potential
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economic gains from the recovery of a clean, high- after the year 2000.

value coal product, in contrast to the costs associated

with the disposal and reclamation of this fine mate-

rial, may present an economic incentive for coal com-

panies to develop belter methods for recovering and

using the coal portion of the waste. Recently, market

conditions made it economically feasible to recover

fine coal during the cleaning process (Bhagwat et al.

1989). If the market holds, waste disposal of fines is

expected to be significantly reduced in the future.

Secondary recovery or reduction of this coal slurry

could result in preservation of 20 to 30 acres of land

surface now taken for ponding each year (Bhagwat et

al. 1989). According to coal mine permit records and

the IDMM, more than 12 "carbon recovery" oper-

ations are now mining previously abandoned refuse

areas. These secondary recovery sites are being re-

claimed as they are mined-out (Bhagwat et al. 1989).

TRENDS

The trend in production and disposal of wastes related

to coal mining has been stable for the last 20 years.

Coal production may decline in the future, and in

turn, the production of wastes will decrease. The con-

sequences of waste disposal have decreased since

1977 because current law prohibits disposal without

reclamation and past wastes are being reclaimed

under provisions of the 1977 Surface Coal Mining

Land Conservation and Reclamation Act.

There is an economic incentive for coal companies to

maximize productivity by recovering as much of the

coal from the fine waste component as possible.

Although the coal is expensive to clean, studies at the

ISGS indicate this material is a potentially valuable

product that could command market price. The reduc-

tion in the quantity of fines deposited in slurry ponds

would be significant in the future.

Mining of slurry ponds should increase over the next

30 years despite the recent drop in the number of

mine permits for this activity. This is an example of

secondary recovery of an economic mineral for the

benefit of industry and the subsequent reclamation of

the site for the benefit of the environment

The amount of acreage disturbed annually by surface

coal mining continues to decrease as the resources

suitable for surface mining continue to be depleted.

The amount of prelaw disturbed acreage that is unre-

claimed is also decreasing. The funding that supports

this work by the AMLRC will no longer be available
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Wastes from Noncoal Mining
Activities

Lisa R. Smith

Illinois State Geological Survey

For mwe than half a century, Illinois has ranked

among the top 20 states in the value of minerals

produced annually. Many minerals other than coal are

produced in Illinois: sand and gravel, microcystalline

silica (tripoli), ganister, novacuUte, silica sand, stone,

clay, shale, peat, and fluorspar (fig. 9.2). Small

amounts of secondary minerals associated with

fluorspar have been recovered, including barite,

calcite, lead, silver, and zinc (SherriU et al. 1991).

Direct mining of lead and zinc, primarily in north-

western Illinois, peaked in the 1850s, and most of

these mines were closed by 1975.

Historical and current recovery of noncoal minerals

has been documented at 1,870 sites across the state

(SherriU et al. 1991). Not well documented, however,

has been the generation and management of mining

wastes at these sites. The following discussion was

compiled from mining-related literature, reports from

the Committee on Surface Mining and Reclamation -

National Academy of Science (COSMAR - NAS),

reports of the Illinois State Geological Survey (ISGS),

and written information from the llUnois Department

of Mines and Minerals (IDMM) as well as personal

communication with IDMM, the Illinois Abandoned

Mined Lands Reclamation Council (AMLRC), and

the Ilhnois Environmental Protection Agency (EPA).

It is uncertain how many acres were affected by

noncoal mineral extraction because the activity was

unregulated for many years. Of the statewide

inventoried sites, between 450 and 700 (as of 1993)

are active, noncoal, mineral extraction sites; all but a

few are either limestone quarries or sand and gravel

pits (SherriU et al. 1991; IDMM 1991). Most of the

noncoal minerals are extracted from quarries or pits

in Illinois. Sand and gravel, silica sand, stone, tripoli,

clay, shale, peat, and some fluorspar are all quarried

or surface mined from pits. TripoU, most fluorspar,

and some stone are mined underground. In the early

days of mining in northwestern Illinois, lead was

exu-acted from shallow deposits. However, in general

lead, fluorspar, and its secondary minerals were

historically mined underground.

According to the U.S Bureau of Mines (USBM
1990), there is a general trend toward reduction in

mineral production in Illinois. The exception is

aggregates production. Therefore, there should be an

overall reduction in mine wastes that require disposal,

again with the exception of disposal associated with

aggregates. Records of waste disposal tonnage are not

required by permitting agencies, so no permanent

record is available. Although the amount of waste re-

sulting from noncoal mineral extraction may be

estimated from production statistics, the estimates are

likely to be inaccurate, as some mineral production

data are proprietary and thus unavailable (S.B.

Bhagwat, ISGS, personal communication 1993). The

IDMM estimates that for most mining sites, less than

20 acres is affected during the life of a mine. Given

the general nature of mining in Illinois, one can

assume that the amount of solid waste generated from

extraction and processing of noncoal minerals in

IlUnois is comparatively small. The IDMM estimates,

based on mine waste permits issued during the last 20

years, that acreage affected by noncoal extraction

waste disposal is about 500 acres. Of these acres,

about 250 are currenUy in use, primarily as slurry

ponds (IDMM 1991).

Mining wastes are generated by two separate

processes, mineral extraction and beneficiation.

Extraction waste generally consists of overburden and

some waste rock. The overburden (soil or other

geological materials lying over a mineral deposit)

must be disturbed from a natural state to recover the

mineral. Waste rock is the oversized, reject

component resulting from crushing, sizing, and

separation of minerals; it is usually heaped near the

processing site (SherriU et al. 1991). Beneficiation is

the process of separating ore minerals from associated

non-ore minerals by crushing, grinding, and washing.

Beneficiation waste consists of coarse grained waste

rock and fine grained taiUngs, slurries, and sUmes

(waste waters managed in surface impoundments).

TaiUngs, defined as the fine mineral processing reject,

are usually u-ansported as a slurry of solids and

process water to an impoundment for dewatering and

disposal (SherriU et al. 1991, Office of Technology

Assessment 1992).

Additional wastes associated with mineral extraction

and processing include ordinary garbage, construction

debris, abandoned buildings (hazardous structures),

and discarded equipment (NAS 1979). Ordinary

garbage and consuuction debris are deposited in on-

site or other approved landfills. Littie information is

available concerning abandoned buildings and pro-

cessing structures that po.se environmental and safety

concerns. These potentially haz^ardous structures are
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Noncoal Mineral Extraction jjocations \''

Figure 9.2 Sites of noncoal mineral extraction

in iliinols. Compiled from iDMM and
ISGS noncoal mineral extraction

location inventories, 1991.
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not regulated.

Sites where mining wastes are deposited or where

slurry impoundments are placed are sometimes called

mine dumps. The selection of a disposal site is

generally dictated by the mine location, local

topography, chemical properties of the waste, and the

surface and groundwater flow systems. Plans for use

of the land after mining ceases may also be taken

into consideration, since passage of the Open Cut

Land Reclamation Act of 1962 and the Surface

Mined Land Conservation and Reclamation Act

(SMLCRA) of 1977. Although support areas such as

processing and storage areas are not subject to

reclamation regulations (IDMM 1991), any land

associated with mining and affected by overburden

removal or deposition, mineral processing or storage,

or the location of mine dumps is considered disturbed

land.

The disposal of mining waste can affect the land

siuface (through land use and aesthetic degradation),

surface water, groundwater, and air. Evidence in

Illinois of the effects of noncoal mining on these

environmental elements is not well documented. In

1991, the IDMM inventoried locations of noncoal

mining sites in Illinois but did not inventory solid

waste disposal practices or types of wastes on a site-

specific basis; nor did they assess the environmental

consequences of waste management at these sites.

THE ENVIRONMENTAL RISKS
OF WASTE DISPOSAL

Almost every stage of mining presents some potential

risks to the environment, depending on the mining

technique, composition of the ore, nature and thick-

ness of the overburden and topsoil, topography, sur-

face and subsurface hydrology, climate and reclama-

tion practices (Tank 1983). These factors apply also

to the deposition of wastes associated with mining.

Overburden, waste rock piles, and slurry im-

poundments represent potential sources of air pollu-

tion, sedimentation, water pollution, and aesthetic

degradation (OTA 1992, Tank 1983, Piskin et al.

1980, NAS 1979). The potential environmental conse-

quences from mine waste disposal range from

negligible to serious and depend on site-specific

factors (OTA 1992). The specific risks associated

with wastes from the noncoal mineral cxu-action and

processing industries in Illinois can only be

determined through investigation. However, some

general observations regarding potential environmen-

tal effects can be gleaned from existing literature.

Air Pollution

Mineral deposits vary greatly in composition,

although sand, gravel, and limestone generally consist

of inert, nontoxic materials. The U.S. Environmental

Protection Agency (USEPA) now recognizes that the

presence of silica dust may represent a significant

health hazard to workers (J.H. Goodwin, ISGS, per-

sonal communication 1993). Processing such

materials so as to prevent environmental damage

consists mostly of controlling dust produced during

crushing and grinding (Cameron 1986). The waste

piles and tailings associated with these inert minerals

are fairly benign. Other minerals, such as fluorspar

and its associated elements (zinc, silver, sulfur) and

minerals (lead, sphalerite, pyrite), may produce more

toxic mine wastes and tailings. Formal studies are

needed to document the air pollution potential of the

noncoal mineral industry in Illinois.

Sedimentation and Water Pollution

Overburden and waste rock are commonly stored in a

heap or pile near the mine or processing site. If the

overburden and waste rock piles have a toxic

constituent and are exposed to oxygen and moisture,

the toxic element can be mobilized in surface and

groundwater. Where precipitation is sufficient and the

waste materials are fine grained, uncontrolled runoff

from piles of these materials can result in silting of

streams. In either event, the result is contamination of

groundwater and degradation of aquatic ecosystems

(OTA 1992). Such conditions may exist because of

noncoal mineral extraction in Illinois, but they are not

documented. Releases from impoundments and

tailings ponds at noncoal mineral extraction and pro-

cessing sites have generally been of great concem at

the national level (OTA 1992). The USEPA has

documented environmental damage and concluded

that releases from failed impoundments, loss of liner

integrity, pond overflow, and seepage at both active

and inactive sites have contaminated water resources

(OTA 1992). However, in a 1980 lEPA report inven-

torying and assessing surface impoundments in Ilh-

nois, no documented instances of groundwater

pollution were atu-ibuted to the mining category

(Piskin et al. 1980).

Ae.sthetic Degradation

Disturbed lands present safety risks in the form of

highwalls or abandoned structures, but the aesthetic
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quality of these abandoned features is hard to mea-

sure. To some people, abandoned mines provide op-

portunities for mineral and fossil collection or other

sources of recreation. To others, they represent

danger and a deterioration of the panoramic view of

the countryside. Some mined-out quarries have been

reclaimed as recreation sites; for example, the

Fairmount Quarry in Vermillion County is used as a

private park for company employees.

CURRENT STATUS AND THE
ENVIRONMENTAL IMPLICATIONS

Mining noncoal minerals generates much waste each

year, although the exact quantity is unknown. Further-

more, we can only estimate how many acres have

been disturbed by mining (34,943 acres, according to

IDMM), and thus how many acres are covered in

waste (500 acres in 1991, as estimated by IDMM). In

fact, most noncoal mining operations in Ilhnois are

small, disturbing less than 10 acres of land each year.

They fall outside most reclamation provisions of

SMLCRA.

The State has been regulating aggregate mining since

1962 and currently enforces provisions of SMLCRA
when apphcable (IDMM 1989). Before 1962, no

reclamation was required and many mine sites were

simply abandoned. Subsequent regulations

(SMLCRA, Illinois Environmental Protection Act,

and Regulation 35 IL. Admin. Code Subtitle C & D)

require some reclamation and monitoring of

extraction and waste disposal sites.

No specific legislation gives comprehensive mining

regulations to characterize the waste constituents or to

monitor soil or surficial material. Specific mining

regulations cover performance standards as well as

monitoring and verification criteria for surface water

and air quality. Regulations also specify standards for

groundwater quality, but no mining regulation

requires monitoring and verification of groundwater

quality (IDMM 1991).

No published reports define waste type or potential

environmental impacts specific to disposal of wastes

generated from extraction and processing of noncoal

minerals in lUinois. In a report submitted to the Inter-

state Mining Compact Commission in 1991, however,

the IDMM summarized available information con-

cerning the impact of the USEPA's proposed

Strawman II on current noncoal mining regulations.

The federally proposed Strawman II regulations ad-

dress noncoal mineral extraction and mineral-pro-

cessing waste management under Subtitle D of the

Resource Conservation and Recovery Act

The IDMM concluded, for the purpose of the pro-

posed Strawman II noncoal mining regulations, that:

extraction wastes in Illinois (overburden, waste

rock) do not meet the definition of loxic mine

waste,

reclamation of overburden and waste rock are

adequately regulated under SMLCRA,
discharges are adequately regulated under the

Illinois Environmental Protection Act and

Regulation 35 IL Admin Code SubtiUe C & D,

the main environmental impact of the abandoned

noncoal mining industry is nonpoint source

sediment loss from overburden or mine spoil

deposition,

overburden in IlUnois consists primarily of

glacial deposits dominated by clay, silt, or sand

and gravel weathered to varying degrees; only

rarely is toxic overburden encountered (see also

Nawrot et al. 1982),

none of the mine waste, with the possible

exception of fluorspar and lead/zinc mine waste,

can be considered toxic or likely to produce toxic

discharge,

no information pertaining to the presence/absence

of nonpoint sediment loss is available for

fluorspar and past lead and zinc mining in Illi-

nois,

noncoal mining waste consists primarily of the

fine material washed out of the minerals during

processing—mostly clay minerals, calcite,

calcium carbonate, dolomite, calcium-magnesium

carbonate, or quartz (silica) because limestone,

dolomite, and sand and gravel are the most

common minerals recovered (see also USBM
1990).

Included in IDMM's 1991 report was a summary of

estimated miles of polluted water, acres of mine

dumps, acres of disturbed land, and numbers of

hazardous structures for minerals extracted in Illinois.

These estimates have not been field-verified. Minerals

mined in Illinois fall into three categories: (1) con-

struction/commercial materials, (2) metallic ore, and

(3) industrial materials.

Construction/Commercial Materials

Construction/commercial materials include sand and

gravel, limestone, and peat. The wastes or hazards
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associated with mining of these materials are listed

below. The values are estimates by IDMM (1991).

Construction/commercial waste

Waste or hazard No. of units

Polluted water

Mine dumps

Disturbed land

Hazardous structures

miles

100 acres

32,555 acres

Unknown

Sand and Gravel Sand and gravel operations may

wash the extracted mineral to suit local conditions

and product demand. The wastes produced from the

washing process are generally fine soil particles and,

except for the dust, pose little or no environmental

risk. Sand and gravel extraction may degrade the land

because a large pit generally remains after the mine is

closed, although sometimes these pits are converted

to other useful purposes such as recreational areas.

Sand and gravel is used primarily as coarse, base

material for road building and as a constituent in pro-

duction of Portland cement and asphalt-based

concrete. Identification of all historic sites of sand

and gravel extraction is difficult as most pits and

quarries were oj)erated with portable equipment and

supplied local needs. More than one-half of all the

sand and gravel produced in Illinois comes from the

northeastern counties (Cook, Du Page, Lake, Kane,

McHenry, Will), which contain the most extensive,

high quality sand and gravel deposits. They also have

the greatest need for the product. These heavily pop-

ulated counties have significant programs for building

and rebuilding the infrastructure (Sherrill et al. 1991).

Limestone and Dolomite Crushed limestone and

dolomite are used for consUTJCtion aggregate, rip rap,

ballast, cement manufacturing, agricultural lime, and

the manufacturing of other lime products. Most lime-

stone and dolomite operations crush the stone; some

may also wash the extracted mineral according to

local conditions and product demand. Again, the

wastes are generally fine grained (dust) and com-

posed of calciie and dolomite particles. These quar-

ries do pose some risk to human safety where

highwalls remain ungraded and unprotected from

public access. The grading or backfilling of many

limestone quarries is not considered practical because

of excavation depths (often greater than 2(X) feet) and

relatively thin overburden (less than 100 feel). Exces-

sive land and material would be needed to fill in

these pits. Fencing may be an appropriate alternative.

Abandoned limestone quarries, where the pH is

suitable, may be stocked with fish and used for recre-

ation.

Peat Peat mines do not produce waste. Excavated

areas typically fill with water to form a lake. In

Illinois, peat is produced for use as a soil conditioner.

Commercial peat deposits are between 2 and 5 feet

thick and cover more than 5 acres. Most commercial

peat is found in Whiteside, Lake, Kane, and Cook

Counties (Sherrill et al. 1991).

Metallic Ores and Fluorspar

Metallic ores mined historically in Illinois include

lead and zinc from northwestern Illinois. Lead and

zinc concenttates are also byproducts of fluorspar

mining in southern Illinois. The wastes or hazards

associated with mining of metallic ores and fluorspar

are listed below. The values are estimates by IDMM
(1991).

Metallic ore waste

Waste or hazard No. of units

Polluted water

Mine dumps

Disturbed land

Hazardous structure

Unknown (miles)

100 acres

850 acres

Unknown

Fluorspar Fluorspar has been mined on a much

smaller scale than that of aggregates. Most fine

materials are produced in association with the process

of concentrating the fluorspar and accessory mineral

products. No specific information is available as to

the nature of the distribution of mineral constituents

found in fluorspar mining waste. It is known,

however, that bariie (BaSO^), galena (PbS), and

sphalerite (ZnS) are processed out of the ore and

sold. What remains of the byproducts (fine waste

components) accumulates in unknown concentrations

in slurry waste ponds. The ponds are currently

regulated under the Illinois Environmental Protection

Act and Regulations 35 IL. Admin. Code Subtitle C
& D, which provide for the protection of surface

water and require compliance with surface water

quality standards under the National Pollutant

Discharge Elimination System (NPDES). No water
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quality problems have been noted at these slurry pond

sites (IDMM 1991); but further study is necessary to

determine whether any constituents of this mining

waste are potentially toxic.

Most of the older fluorspar producers employed a

processing technique different from that used today.

The old process resulted in no specific waste piles

(IDMM 1991). According to the AMLRC, however, a

few waste piles consisting mostly of calcite and

limestone and traces of galena and sphalerite remain

at some of the larger fluorspar mines. (A few such as

the Hillside Mine at Rosiclare in Hardin County have

taiUngs ponds.) Few waste piles remain because much
of the coarse waste generated at the older mines was

sold as construction aggregate. This coarse material is

no longer generated.

Fluorspar and lead miners followed veins of ore

wherever they were encountered. Ore was mined

upwards almost to the surface in many places, where

now, there are deep subsidence pits and unstable

mine ceilings. Consequently, the greatest dangers to

the public in the Ruorspar Mining Region in Hardin

and Pope Counties are from open shafts, subsidence

pits, and deteriorating tipple structures. Rosiclare in

Hardin County has two mines with tipples inside the

city limits (AMLRC, personal communication 1993) .

Lead and Zinc Abandoned lead and zinc operations

in the Galena district of northwestern Illinois were

surface pits and underground mines that produced

numerous piles of waste. Although these sites are a

potential source for environmental concern, the

information available to characterize the risks is

limited (IDMM 1991). All the mines in the zinc-lead

mining district were closed and abandoned by 1975.

Mine openings, rather than waste disposal, present a

greater threat to health and safety. Open shafts, adits,

and deteriorated tipple structures associated with inac-

tive lead and zinc mines constitute significant safety

hazards. Most of the mines and prospect diggings

were abandoned without reclamation or sealing of

shafts and adits. Numerous prospect diggings

(shallow shafts) and mine shafts (up to 150 feet deep)

remain open. The AMLRC has suggested that the

environmental risks from abandoned waste piles may
be reduced by using the materials, whenever practical,

as fill in the reclamation of noncoal mines.

Industrial Materials Clay, shale, silica sand, and

other siliceous materials (microcrystalline silica or

tripoli, ganister, and novaculite) are mined in Illinois.

The wastes or hazards associated with the mining of

industrial materials are listed below. The values are

estimates by IDMM (1991).

Industrial material waste

Waste or hazard No. of units

Polluted water

Mine dumps

Disturbed land

Hazardous structure

miles

300 acres

1,538 acres

Unknown

Clay/Shale Processing of mined clay depends on

the purity and specified end-product. Two kinds of

clay are mined in Illinois, common clay or shale and

fuller's earth. Common clay/shale is used in the man-

ufacture of bricks, pottery, stoneware, and drain tile

(Sherrill et al. 1991). Clay dust from brick or stone-

ware manufacturing is disposed of in approved land-

fills. Fuller's earth is used for its absorbing,

decolorizing, and purifying properties (Sherrill et al.

1991). Fuller's earth is generally crushed, dried, and

screened. The undersized waste particles have a

variety of uses, such as bulk in animal feed, which

leaves little processing waste to dispose of. What
waste is left is nontoxic, so plants will grow on it

Silica Sand Silica sand operations wash the extract-

ed mineral. The resulting clay and very fine silica

waste is impounded on site. In Illinois, most silica

sand is composed of 100% clean quartz grains from

the St. Peter Sandstone and requires little cleaning.

This high quality sand is used in glass manufacturing,

molding sand, hydrauhc fracturing of oil-bearing

reservoir rocks, and many industrial processes. The

ISGS has reviewed the potential for recovering the

clay mineral kaolin from the fine wastes. If imple-

mented, such a scheme could further reduce the

quantity of waste material generated.

Microcrystalline Silica, Ganister, and Novaculite

Microcrystalline silica (tripoli), ganister, and

novaculite, mined in southern Illinois, are composed

largely of silica (SiOi). ExD^action of these materials

produces little processing waste (IDMM 1991).

Tripoli is used for abrasives and paint fillers. Ganister

is a loosely consolidated siliceous material once used

in making refractories. Novaculite gravel has been

used for secondary roads, street paving blocks, and

railroad ballast (Sherrill et al. 1991). It is now used
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for skid-resistant surfaces on blacktop roads.

Abandoned microcrystalline silica mines in Alexander

and Union Counties have left unsealed and unre-

claimed room and pillar mines. Several dangerous

highwalls resulted when these mines caved in

(AMLRC, personal communication 1993).
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Oil and Gas Exploration and
Production

Lisa R. Smith

Illinois State Geological Survey

Oil and gas have been produced in Illinois since the

late 1800s. Along with the economic benefits of this

production inevitably comes the generation of waste.

How this waste is managed can have a significant

impact on the environment (Collins 1971). A wealth

of general information is available about the petro-

leum industry and its waste production and disposal.

Not well documented, however, are the specifics on

the amount and type of waste, waste management

practices, and risks to the environment firom oil and

gas extraction in Illinois. The following discussion

has been compiled from federal waste management

reports, petroleum industry texts, and information

available through the American Petroleum Institute

(API), the Illinois Environmental Protection Agency

(lEPA), and the Illinois Department of Energy and

Natural Resource (ENR). Other reports, documents,

and personal communications were provided by the

Illinois Department of Mines and Minerals (IDMM)
and the IHinois State Geological Survey (ISGS).

Management of wastes and byproducts (not all are

wastes) from oil and gas recovery is controlled by

environmental regulations. Responsibility and liability

for protection of human health and the environment

from harmful waste management practices and dis-

charges are the goals of these regulations: (1) Re-

source Conservation and Recovery Act (RCRA), (2)

Safe Drinking Water Act (SDWA), (3) Clean Water

Act (CWA), (4) Comprehensive Environmental Re-

sponse, Compensation and Liability Act (CERCLA),

(5) Clean Air Act (CAA), and (6) other state-specific

regulations (API 1989). In Illinois, oil and gas

exploration and production are regulated by the

IDMM under IL ADMIN CODE 62, Part 240: The

Illinois Oil and Gas Act.

In the past, oil and gas exploration and extraction

have locally damaged soil, water resources, and

wildlife in Illinois. The damage has been documented

by the lEPA, IDMM, Illinois Natural History Survey

(INHS), Illinois Department of Conservation, and

many other organizations mandated to monitor

various aspects of the environment. Several sites have

been remediated by the indusuy. Practices that led to

environmental damage in the past have theoretically

been eliminated by the environmental regulations

listed above as well as new State regulations on the

oil and gas industry, and by the ability of the IDMM
to levy Notices of Violation (NOV) when violations

are discovered. Industry and government are working

together to protect the soil, surface water, and

groundwater from improper disposal of soUd and

liquid wastes related to exploration and production.

WASTE GENERATION AND
MANAGEMENT

Hydrocarbons (oil and gas) are extracted from the

earth's subsurface. Exploratory wells drilled to search

for oil and gas usually result in dry holes that are

plugged and abandoned. When an oil or gas reservoir

is discovered, however, development wells arc drilled

to extract (or produce) the oil and/or gas. Wastes are

generated by drilling operations, well completions and

well workovers, gas plants, and other field production

facilities (API 1989). These activities generate three

basic types of wastes: (1) produced water, (2) drilling

fluids, and (3) associated waste products. Little waste

is generated at gas wells; most waste is generated at

oil wells (API 1989. OTA 1992).

Produced water that accompanies the oil or gas

extracted from the subsurface accounts for more than

90% of all oil and gas waste. Water occurs naturally

in the reservoir, but may be combined with

supplemental water pumped into the reservoir in

secondary recovery operations. Of the three basic

types of waste generated by the location and produc-

tion of hydrocarbons in Illinois, the best documented

is produced water, including (1) fresh or saline water

(brine); (2) naturally derived constituents such as

petroleum hydrocarbons, radionuclides, or naturally

occurring metals; and (3) any chemical compounds

added for treatment such as coagulants, corrosion

inhibitors, and paraffin control agents (API 1989,

OTA 1992). Produced fresh water poses little envi-

ronmental risk; but brine, if improperly or illegally

disposed of, poses a greater risk to the disposal envi-

ronment.

Porous, permeable sandstones and limestones form

"reservoirs" that hold gas, oil, and brine deep below

ground surface (fig. 9.3). Impermeable rock overlying

the reservoir traps the water along with the

hydrocarbons. Because gas has the lowest density, it

can be found in the pores near the top of the u^ap or

in solution with the oil. Unless in solution, the oil sits

just under the gas and on top of the typically denser,

saline water (brine), which occurs below both the oil

and gas. Because oil, gas and brine are closely
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associated, all three are commonly produced together.

Figure 9.3. Water-oil-gas relationship at a typical well site.

The gas and fluids migrate to the highest point of the

structure and sort themselves out according to density. As

the reservoir becomes depleted, the close proximity of the

hydrocarbons to the brine allows recovery of all three

components.

Produced water must be separated from the oil or gas

before these products can be piped or sold. Figure 9.4

shows how oil, gas, and water are separated and

wastes are generated in a typical production opera-

tion. In Illinois, most natural gas produced with oil

(casinghead gas) is flared to the atmosphere, as stipu-

lated by law; litde is actually collected and sold.

Because it is a minor constituent in Illinois' compara-

tively shallow reservoirs, it is neither economically

feasible nor practical to collect the gas and compress

it to the pressures required to enter the commercial,

natural gas pipeline network.

The quantity of water produced depends upon the re-

covery method as well as the nature of the rock

formation, initial fluid saturation values, and the

length of time the oil field has been producing. The

three basic types of oil recovery are called primary,

secondary, and tertiary. Of the three, primary

recovery commonly produces the greatest ratio of oil

to water. As oil and gas are removed from a

reservoir, pore spaces formerly occupied by the hy-

drocarbons may be filled with another fluid, usually

brine, which is also available in the formation. A well

may produce mosdy oil at first; but as the reservoir is

depleted, the ratio of produced water to oil increases

(API 1989).

In secondary recovery (waterflooding), produced

brines are reinjected into the reservoir to maintain (or

restore) the pressure in the reservoir and force the

hydrocarbons to migrate away from the injection site

toward a nearby production well. Tertiary recovery

uses polymers, microbes, CO2, and surfactants to

sweep or flush oil from the reservoir and increase the

total amount of oil recovered. If the price of oil in-

creases, tertiary recovery may become common in

Illinois.

There are no annual records of how much waste is

generated, but estimates of produced water have been

made periodically. An ISGS study (Bell 1957)

reported that 181 million barrels of produced water

were recovered for 82 million barrels of oil produced,

a ratio of 2.2:1. In 1978, the lEPA estimated that

973,0(X) barrels of brine were disposed of daily in

Illinois. This translates to 355 million barrels of

produced water for the 25 million barrels of oil

produced that year, a ratio of 14:1. The 1981 average

brine to oil ratio in Illinois was approximately 28:1

(Moe 1984). The most recent estimate was made in

1985 by the American Petroleum Institute and the

U.S. Environmental Protection Agency (USEPA): for

30 million barrels of oil, 1 .2 billion barrels of

produced water was generated, a ratio of 40: 1 (OTA
1992). Because the Illinois Basin is a mature basin

where secondary recovery efforts are widespread, Uiis

trend toward increased generation of produced water

will probably continue.

Produced waters have been disposed of using a

variety of practices in lUinois, including open and

unchecked dumping into rivers and so^eams,

evaporation from holding ponds, and reinjection into

porous, non-oil-bearing formations. In the 1930s,

produced water from the first oil wells in the state

was allowed to spill onto land surface and into rivers

and streams. Disposal techniques changed in the

1940s from unchecked spillage to the use of unlined

holding or evaporation ponds. Because the average

precipitation rale exceeds the average evaporation rate

(Roberts and Stall 1967) in Illinois, however, brines

did not evaporate quickly enough to avoid infiltration

through the unlined pond bottoms into local aquifers

(lEPA 1978, Coleman and Crandall 1981, Reed et al.

1981, Hensel and McKenna 1989). IDMM (Sours et

al. 1985) and lEPA (Piskin et al. 1980) have
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Figure 9.4. Separation of oil, gas and water. Separation generally occurs at the well site. Produced water is trucked to an

injection well, or temporarily stored in an impoundment, waiting for trucking or injection; or reinjected at the site, as shown

in this illustration. During this process other wastes are produced. The gas is generally burned off. Tank bottoms, or

sediment, accumulates in the bottom of the storage tanks. This by-product is reinjected or stored in holding tanks. Drilling

muds and drill cuttings are impounded and buried or spread out over an adjoining field. (Based on USEPA Repwrt to

Congress: Management of Wastes for the Exploration, Development, and Production of Crude Oil, Natural Gas, and

Geothermal Energy. 1987)

estimated that more than 8,600 brine holding ponds

were in use in Illinois at one time. In 1980, the

IDMM issued a directive recommending the closure

of these holding ponds. The IDMM estimates that ap-

proximately 500 to 700 pits remain in the state today

(L. Bengal, IDMM, personal communication 1993).

Proposed regulations (Illinois Admin. Code 62, Ch. 1,

Sec. 24, Subpart H) will prohibit evaporation pits. All

existing pits must be closed within 6 months of the

adoption of these rules. The alternative is injection

technology, which is commonly used ttxlay. With its

improvements in the 1950s, reinjection of brine to the

subsurface began both for disposal and for secondary

recovery.

Drilling fluids include drilling muds and drill cuttings

(rock removed by drilling) and account for 2% to 4%
of all oil and gas waste (OTA 1992). Drilling muds

are used to clean the drill cuttings from the bottom of

the hole and to transport ihem to the surface,

lubricate the rotating bit and drill string, conu^ol

formation pressure to prevent blowouts, and stabilize

the borehole wall to prevent caving (LeRoy et al.

1977). Composition of these drilling fluids can be

complex and varied, depending on the characteristics

of the formation (API 1989, OTA 1992). There are

two categories of drilling muds: water-based muds

(used for most types of drilling) and oil-based muds

(used for water-sensitive formations). These muds

contain four essential parts: (1) liquids (fresh water,

saline water, oil, others), ( 2) viscosity-building active

solids (in Illinois, most often bentonite clays), (3)

density-building inert solids (often barite), and (4)

other additives such as polymers, starches, and other

chemicals, which are rarely used in Illinois (API

1987, API 1989).

The amount of drilling mud produced depends upon

the nature of the formation being drilled and the

depth of the well. Drilling fluid can be deposited on-

site in reserve pits (surface impoundments), or it can

be deposited on another site or into surface water.

The method of disposal depends upon the circum-

stances at the site and stale regulations (API 1987,

API 1989, OTA 1992). In Illinois, drilling fluids are

commonly disposed of through land spreading
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because of the benign nature of the fluid (water less

than 1000 ppm CI and bentonite). In 1985, the

American Petroleum Institute and the USEPA esti-

mated that 2.6 million barrels of drilling waste were

generated (OTA 1992). No data are available for Illi-

nois, however, documentation of the generation and

disposal of these fluids is not required.

Other associated waste products represent a relatively

small percentage (<1%) of the overall wastes

generated. These wastes are generated by drilling,

well completion and workover operations, gas plants,

and field production facilities. The list of waste

products produced by these activities includes hydrau-

lic fluid, weighting agents, acids, rigwash (detergents

and solvents), sediment, water, tank bottoms, oily

debris (used oil, filters), produced sands, and paraffin

(API 1987, API 1989, OTA 1992). Depending on

quantities and their chemical or physical characteris-

tics, these spent fluids, slurries, sludges, and solids

may be stored, treated, landfilled, and injected into

Class II disposal wells; discharged under National

Pollutant Discharge Elimination System (NPDES)

permits; or recycled. It is unclear how much of this

waste is generated in Illinois or what methods of

disposal have been and are being used.

THE ENVIRONMENTAL RISKS
OF WASTE DISPOSAL

Mismanagement of the large volumes of produced

water presents a greater risk to the natural environ-

ment and human welfare than does the disposal of

other wastes generated by the oil and gas industry

(lEPA 1978, Coleman and Crandall 1981, Hensel and

McKenna 1989, Hall 1990). Most documented cases

(ENR and lEP^* studies at state level and USEPA
nationwide studies) of damage due to the disposal of

exploration and production waste either resulted from

violating State and Federal requirements or occurred

before the regulations were in place. If proper oil

drilling and waste disposal practices are used, no

environmental damage is likely to occur because

these practices are engineered and regulated to protect

soil, wildlife, and usable sources of drinking water

(lEPA 1978, Coleman and Crandall 1981, EPA 1987,

Hensel and McKenna 1989, GAO 1989, Hall 1990,

OTA 1992, IDMM 1993).

Improper disposal of produced water (brine) has the

potential to severely impact agricultural lands, crops,

forest, streams, aquatic life, surface water, and

groundwater. Potential contamination paths for oil

field brines are illustrated in figure 9.5. The following

discussion focuses on potential paths related to

reinjection and disposal, including old impoundments

and injection wells. Regulations are designed to

prevent contamination through these routes by setting

wellhead performance standards, monitoring im-

poundment designs, and conducting site inspections.

Runoff and leachate infiltration from treaunent and

disposal facilities, reserve pits, and unlined disposal

pits can degrade soil and groundwater, and harm

wildlife. Disjx)sal of produced water into unlined

holding ponds was common before 1980. Field

studies have shown that environmental damage from

infiltration of brine into surface and groundwater is

detectable at closed and covered impoundment sites,

especially when the pits were filled without first

removing their contents (Sours et al. 1985, Hensel

and McKenna 1989). Effects of the past practice of

brine disposal into unlined or improperly managed

surface impoundments have been documented by the

lEPA (lEPA 1978, Piskin et al. 1980, Coleman and

Crandall 1981), the ISGS (Reed et al. 1981, Hensel

and McKenna 1989), ENR (Sours et al. 1985), and

INHS (Smith 1971).

Escape brines, fracturing fluids, produced waters, and

hydrocarbons from improperly functioning injection

or disposal wells, or from abandoned injection or dis-

posal wells left unplugged or improperly plugged, can

degrade groundwater, agricultural land, and domestic

and irrigation water sources.

When brine or these other potential pollutants come

in contact with potable (drinking) water resources, the

water is rendered unusable. Upward migration of

brine, although difficult to detect, has the potential to

cause damage. Groundwater contaminated by brine

will remain contaminated much longer (residence

time) than surface water contaminated by brine

because dilution is less likely to occur in subsiuface

water than in surface water bodies. Also, natural

filtering processes are relatively slow.

The USEPA has determined that produced water

injected for the purpose of secondary recovery is not

a waste subject to regulation. It is, in fact, beneficial-

ly recycled (API 1989). In practice, all produced

water eventually must be disposed of. Any risks

associated with subsurface injection are the same

whether the produced water is used for enhanced

recovery (waterflooding) or is simply disposed of by

reinjection. In the field, it is difficult to distinguish

between the two operations (Bell 1957. lEPA 1978).
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Figure 9.5. Potential routes for improperly disposed oil and gas production and exploration wastes to contaminate the

environment (After Hensel & McKenna, 1989). Current regulations should prevent contamination from these sources.

Injected disposal of brine water is accomplished in

much the same manner as secondary recovery: it is

reinjected into subsurface formations through wells

converted or specially drilled for this purpose. The

difference lies in the final destination of the injected

fluids; potential routes for contamination of the

environment are the same for both injection practices

as illustrated in figure 9.5.

In Illinois, the most conspicuous and significant

consequence from improperly disposed produced

water may be damage to surficial soils. In a recent

ISGS study (Hensel and McKenna 1989), hundreds of

acres of land in Clay County were documented as

damaged or unusable for agriculture because of past

spills and leakage from holding ponds. Soil erosion

can increase because vegetation is killed and the soil

becomes disaggregrated and highly impermeable

(Sours et al. 1985). Runoff from these unvegctated or

sparsely vegetated brine-damaged lands concentrates

dissolved minerals in surface waters.

Disposal of most drilling fluids in Illinois poses little

risk due to the benign character of the fluids.

Spreading this waste over the land costs little and

apparently does not adversely impact the soil. Land

application may not be appropriate for all drilling

muds, however, as some may contain substantial

quantities of oil and various additives (OTA 1992).

Associated wastes such as completion fluids and gen-

eral oil field waste, if properiy managed, should not

pose risks to the environment. Oil well completion

fluids are stored in temporary pits or tanks and the

waste is eventually disposed in a Class II injection

well. The temporary pits must be emptied and

covered within 6 months after completion of the well.

General oil field waste must be hauled away at the

conclusion of any activity that produces it.
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CURRENT STATUS AND THE
ENVIRONMENTAL IMPLICATIONS

Regulations

The RCRA was amended in 1980 to reflect Congres-

sional opinion that wastes generated by oil and gas

exploration and production required special

consideration. The USEPA was directed to study oil

and gas wastes and determine their status.

Consequently, most oil and gas production wastes are

exempt from regulation under the RCRA hazardous

waste provisions Subtitle C (USEPA 1988 regulatory

determination) (OTA 1992). Examples of exempt

wastes are produced water; drilling fluids; drill

cuttings; rigwash; well completion, treatment, and

stimulation fluids; basic sediment, water and other

tank bottoms from storage facilities that hold crude

oil; hydrocarbon-bearing soil; waste crude oil from

primary field operations and production; wastes from

subsurface gas storage and retrieval; and constituents

removed from produced water before injection or

disposal (EPA 1987, API 1989, OTA 1992).

Oil and gas exploration and production wastes are

regulated primarily at the state level; the US EPA has

not developed a regulatory program under Subtitle D
for these wastes. However, the Agency does regulate

underground injection of produced waters under the

Safe Drinking Water Act, surface discharges of oil

and gas wastes under the Clean Water Act, and air

emissions under the Clean Air Act. The lEPA and

IDMM have primacy in implementing these federal

regulations. The Bureau of Land Management has

authority to regulate exploration and production

wastes on federal lands.

A Congressionally mandated study by the USEPA
(1987) recognized that existing state and federal

regulations are generally adequate. The report stated,

however, that certain regulatory gaps did exist and

enforcement issues relating to the management of oil

and gas wastes became of concern to the federal

government. Consequently, the Illinois Department of

Mines and Minerals reorganized its Oil and Gas

Division and computerized its well records to better

regulate oil and gas activities (IDMM 1988, 1989,

1990). The reorganization resulted in the creation of

an Administrative Unit, a Permit Unit and a

Compliance Unit within the Oil and Gas Division.

The Compliance Unit was given enforcement proce-

dures that established hearing procedures and

authorized the assessment of civil penalties.

IDMM field inspectors are now able to issue Notices

of Violation for wells not in compliance with state

and federal regulations. Notices of Violation have

been issued for the following infractions: operating an

injection well without a permit; op)erating an injection

well without tubing and packer; other operating viola-

tions at wells; general lease violations, including

contamination dike (firewall) maintenance; and

violations concerning equipment leaks and illegal

brine disposal (IDMM 1990).

The IDMM is concluding a comprehensive rewrite of

the oil and gas rules that address oil and gas

activities, including waste disposal regulations. Final

regulations were expected by the fall of 1993 (L.

Bengal, IDMM, personal communication 1993). New
regulations (IL Admin Code Title 62, Part 240: IIU-

nois Oil and Gas Act) were adopted in February 1993

resulting from this effort (IDMM 1993). Although no

comprehensive field study of Illinois oil and gas

waste disposal activities has been published, these

regulations reflect the expected future status of oil

and gas waste and suggest their environmental

implications.

The regulations provide for the disposal of drilling,

completion, and plugging wastes and the restoration

of on-site pits. Drilling fluid waste and drill cuttings

are to be stored temporarily in completion pits or

above ground in a portable container; disposal may be

either on-site burial or surface appUcation (spread on

an adjoining field). Completion fluid waste must be

collected at the well site in a lined completion pit for

temporary storage or in a leak free, aboveground

container. All fluids must be removed from the pit

and injected into a Class II well, or held in above-

ground tanks or containers ready for disposal. Com-
pletion and drilling fluid circulation pits must be

filled and leveled within 6 months of completion, and

the area must be reclaimed to avoid subsidence or

leakage of fluids. Where applicable, the disposal area

must be compacted well enough to support farm

machinery or to recover its original condition. Within

6 months after a well is plugged, the free liquid frac-

tion of the plugging fluid waste, consisting of pro-

duced water and crude oil, must also be removed

from the pit and disposed of in a Class II injection

well or stored above ground in tanks ready for

disposal. The remaining plugging fluid wastes may be

buried on site.

All general oil field wastes (paper, trash, oily rags,

chemical containers, oil filters and gaskets, used

motor oil, hydraulic fluids, diesel fluids, and similar

wastes generated during completion, production, and
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plugging) must be temporarily stored in on-site

containers and removed from the site before or at the

conclusion of the given activity. These wastes may
not be buried on-site, deposited in drilling or comple-

tion pits, or mixed with driUing fluid or completion

fluid wastes before disposal.

Surface pollution can be avoided by proper disposal

of produced water and other liquid wastes. Under-

ground injection is an acceptable method, provided

the proper permit is obtained from the IDMM and

lEPA. The IDMM is proposing regulations that will

prohibit evaporation pits unless the pits have poured

concrete walls. Evaporation pits lined with fiberglass

or plastics will no longer be allowed, and existing

pits that do not meet the standards of the new regula-

tions must be filled.

Produced water is generally disposed at the well site

or hauled or piped to a nearby injection well. If the

brine cannot be reinjected into nearby wells, the brine

or produced water is hauled by permitted haulers to

approved disposal sites. A written record of how
much brine has been removed from the well site is

provided to the Division of Oil and Gas (IDMM
1993).

Injection of produced water must take place below all

formations containing usable sources of drinking

water. The mechanical integrity of the injection wells

must be tested every 5 years at a minimum and, as

part of the permitting process, evidence must be

provided that all water wells within 1/4 mile of the

injection well have been properly constructed and/or

plugged to avoid potential migration of injected

fluids.

Environmental Damage and Management

The degree of environmental damage caused by past

disposal of oil exploration and production wastes is

incompletely documented statewide. In 1980, the

EEPA conducted a telephone survey of persons repre-

senting Soil Conservation Districts, Soil Conservation

Service offices. Cooperative Agricultural Extension

Service offices, and Regional Planning Commissions.

Each contact was asked to estimate the areal extent of

land damaged by brine in each county. It was esti-

mated that between 28,200 and 38,236 acres have

been damaged to the extent that 50% or more of the

vegetation had been destroyed (Coleman and Crandall

1981). This information was never field-verified; and

after studying selected aerial photographs, the lEPA

concluded that the estimate was low.

In 1985, ENR conducted a questionnaire and tele-

phone survey to determine which oil-producing coun-

ties had performed a study to assess the extent of oil

field brine damage. Forty-three counties reported that

they had not performed an assessment and three

counties reported that an assessment was performed

for ihem. The questionnaires and telephone inquiries

were directed to the County Soil and Water

Conservation Districts (SWCD). This study also

estimated damage to more than 38,(XX) acres. Con-

taminated water wells, erosion, and damage to surface

water quality in streams were also reported (Sours et

al. 1985).

The few field studies that have been done in Illinois

(lEPA 1978, Sours et al. 1988, Hensel and McKenna

1989) suggest that the types of damage associated

with exploration and production wastes found in these

study areas could be expected in other oil-producing

regions of the slate, particularly the major producing

counties (fig. 9.6). These studies found impacts on

surface water bodies, groundwater, and surficial soils.

The first step toward management of environmental

damage is documentation. The degree of damage

caused by past disposal of exploration and production

wastes is dependent on the disposal practices used in

the area, the intensity of oil development, and the

local and regional geology.

Pollution prevention and waste reduction are the best

forms of waste management. It is advisable to reduce

the volume and noxiousness of all wastes, and to

increase the recycling of produced water, drilling flu-

ids, and associated oil and gas wastes. The economic

incentive to reduce and recycle is suong because

proper management of these wastes is expensive.

Currently federal and state regulations require that the

responsible parties clean up problem areas associated

with improper management practices. Reducing the

amount of material managed will decrease potential

liability. The major oil companies are also studying

reduction as a means of decreasing the direct cost of

waste management. Success in reduction and recy-

cling as waste management practices will depend on

industry support and good tracking of the waste

streams and chemical additives (OTA 1992).

Overall Trends

Oil production is on the decline in Illinois, so wa.ste

production associated with new drilling and well

completion is also on the decline. Waste production
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Figure 9.6

Location of oil and gas fields in Illinois

and the counties that produce between one-half

and two and a half million ban'eis of oil per

year.

The fields are defined using over 250,000
wells from the ISGS Basic Well Data RIe.
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associated with pumping oil from older wells is,

however, on the rise because the ratio of produced

water to oil is increasing as reservoirs become

depleted. As more wells are plugged and abandoned,

the quantity of waste associated with plugging an oil

or gas well increases.

In Illinois, the trend is toward underground injection

of exploration and production waste and away from

disposal into surface impoundments.

Generation and management of oil and gas wastes

will face increased scrutiny and regulation in the

future.
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The chemical industry has grown dramatically since

World War II. More than 70,000 chemicals are

available commercially and over 1,000 new chemicals

are proposed for manufacture annually. Synthetic

organic chemicals are used in the production of

foods, medicines, consumer goods and building

products. Not all chemicals used as raw materials

become part of the product, however. Billions of

pounds of chemicals are released into the

environment as wastes. Little is known about the

ultimate impact of many of these chemicals on

human health and the environment.

A first step toward developing a national study of

movement of toxic chemicals in the environment, was

the enaction of the Emergency Planning and

Community Right-to-Know Act of 1986 (EPCRA)

which was included in the Superfund Amendments

and Reauthorization Act (SARA). This act

established programs to provide information to the

public about hazardous chemicals on a community

level including creation of the Toxic Release

Inventory (TRI). The TRI is the first national

database of information about toxic chemical releases

and transfers by manufacturing facilities. The

information compiled via EPCRA's programs is

useful to community emergency planners responsible

for protecting the public in the event of chemical

release.

TRI, created by section 313 of EPCRA, requires

certain companies to file annual reports disclosing

both routine and non-routine releases of listed toxic

chemicals to the environment. The 1991 reporting

requirements listed over 300 toxic chemicals and 20

categories of chemical compounds. Air, water and

land releases of these chemicals as well as transfers

to off-site treatment, storage and disposal facilities

must be reported to the USEPA and state

government. Appendix 10.1 contains a list of TRI

chemicals. TRI includes releases occurring as a

result of normal business ofierations and non-routine

releases. The TRI does not report violations of

environmental laws on the part of manufacturing

facilities. In Illinois, the lEPA is charged with the

administration of section 313 of EPCRA.

Facilities subject to reporting under section 313 are

identified based on the type of industry, number of

employees and threshold levels of toxic chemicals

used or produced. Facilities required to report are

those with 10 or more full-time employees and

primary SIC codes 20 - 39. A description of these

SIC categories is found in Table 10.1. This selection

of facilities includes most traditional manufacturing

facilities but excludes utihty companies, publicly

owned treatment works and waste treatment, storage

and disposal facilities. Facilities which manufacture,

process or otherwise use a listed toxic chemical or

chemical category are required to report. As of 1989,

facilities that manufacture or process toxic chemicals

in excess of 25,000 pounds per year must meet the

reporting requirements, as must facilities that use in

excess of 10,000 pounds per year (includes all other

uses). The threshold value for manufacturing or

processing was sequentially lowered from the level of

75,000 pounds in the 1987 reporting year to 50,000

pounds in 1988 and finally to 25,000 pounds in 1989.

The industrial processes which manufacture, process

or use TRI chemicals vary widely. A range of

toxicity also exists among TRI chemicals. Small

reported releases for some chemicals may be of more

concern than larger releases of others. Chemicals

included in TRI may be delisted if it is determined by

USEPA that they pose a minimal threat to human

health and the environment. In several cases,

chemicals have been delisted, and resulted in

dramatic reductions in reported releases by specific

facilities or industry groups. Those chemicals that

have been delisted or added, thus affecting TRI

reporting for 1991, are listed in Table 10.2.

Delistings and a change of threshold quantity for

manufacturing and processing, make TRI information

difficult to compare year to year. Excluding delisted

chemicals from an analysis can make data from prior

years comparable to data from subsequent years

(USEPA, 1991). It is more difficult to adjust for the

change in threshold values that took place for

reporting year 1989.

Several limitations of the TRI database should be

noted. First, TRI reporting docs not include every

chemical released to the environment; it is limited to

only those specifically listed toxic chemicals or

categories. Secondly, not every facility is required to

report. TRI reporting is limited to certain SIC
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Table 10.1. Description of SIC Codes 20-39

Code
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made to reporting requirements, especially the non-

requirement of reporting of chemicals transferred off-

site for recycling in the 1987 through 1990 reporting

years, have been criticized as producing "paper

reductions and increases" rather than actual ones. In

1991, reporting requirements changed again to

include transfers off-site for recycling or energy

recovery. This change resulted in a "paper" increase

in release levels for the 1991 reporting year. Many
facihties have admitted that some of their releases

have decreased due to better measurements. Despite

these limitations, USEPA believes that the accuracy

and completeness of TRI improves every year that

the inventory is compiled.

Users of TRI data have been frustrated that the

reasons for reductions and increases have not been

part of TRI reporting. Prior to 1991, source

reduction information was voluntary and the

information submitted was often incomplete. Source

reduction, recycle and energy recovery information

was required beginning in 1991 and includes more

detailed information. Critics claim that there are

many possible causes for reductions and increases in

TRI chemicals that have little to do with source

reduction and pollution prevention activities. USEPA
and the Research Triangle Institute (RTI) conducted a

survey of reporting facilities to quantify the impact

source reduction has had on changes in TRI data.

The study compared 1989 with 1990 TRI data and

estimated the extent to which source reduction and

other factors accounted for decreases in TRI

reporting.

The study considered source reduction, production

fluctuations and changes in measuring techniques as

possible causes for changing levels of chemical

release (Craig, 1993). The researchers were able to

attribute 52% of the net decrease between 1989 and

1990 to three factors: 45% to source reduction, 5% to

changes in production levels and 2% to changes in

estimation techniques. Unfortunately there is no

universal agreement on a definition of source

reduction. For example, many companies consider

on-site recycling to be source reduction, leading to

confusion about how many companies are involved

with true pollution prevention activities. Although

TRI data have the potential for measuring pollution

prevention progress, the USEPA-RTI study indicates

that certain factors may mask the actual cause and

effect relationship leading to decreased (or increased)

releases. Despite its limitations, the USEPA-RTI

study provides useful insights for future analysis.

The Pollution Prevention Act of 1990 resulted in the

expansion of TRI reporting requirements. Beginning

in the 1991 reporting year, TRI facilities were

required to submit information about source

reduction, recycling and energy recovery for each

TRI chemical. As USEPA expands its role in

encouraging industrial source reduction and recycling,

TRI will become a more important tool to gauge

pollution prevention efforts on the federal, state and

facility level.

ILLINOIS TRI TRENDS

Five years of TRI data for Illinois were available for

this discussion (1987, 1988, 1989, 1990, 1991). For

each of these years, lEPA has published a Toxic

Chemical Report, summarizing data submitted by

facilities. The 1991 report was included in only the

general discussions due to its date of publication.

Using these reports, overall trends in TRI for the state

can be identified.

The number of facilities submitting TRI report forms

in Illinois has increased. The number grew from 938

facilities in 1987 to 1301 facilities in 1991 or an

increase of about 39% (see Figure 10.1). The largest

part of this increase occurred between 1987 and 1988

with a 25% increase. There are a number of possible

explanations for this increase. As more facilities

learn about the TRI reporting requirements, one

would expect an increase in the number of reports

submitted. The lowering of threshold levels that

occurred in 1988 and 1989 may also be responsible

for the increase in the number of reporting facilities.

Changes in the economy in Illinois may also affect

TRI reporting. As new businesses are started in

Illinois and others leave, the universe of TRI facilities

will change.

While the number of facilities reporting under TRI

requirements has increased since 1987, the total

reported pounds of chemicals released have declined.

Figure 10.2 shows the decrease of TRI releases in

liUnois from 439.9 million pounds in 1987 to 232.6

millions pounds in 1990 and then to 311.3 million

pounds in 1991. It seems that dramatic fluctuations

have occurred since the implementation of Section

313 in 1987. As with any other kind of regulatory

reporting, reported volumes will change as

requirements change. A large portion of the decrease

from 1987 through 1989 is due to the delisting of

chemicals by USEPA. The increase seen in 1991 is

explained by the addition of recycling and energy

105



TOXIC RELEASE INVENTORY

Number of Illinois TRI Facilities
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recovery information. Adjusting for the chemicals

delisted before 1991 and those added to the inventory

in 1991, the trend in total releases is more constant

(see Figure 10.3). Adjusting for delisted chemicals

allows for comparison of prior years data with that of

successive years.

The adjusted figures demonstrate a steady decline in

the pounds of chemical released per IlUnois reporting

facility until 1990 and then an increase in 1991

(Table 10.3). In 1990, Illinois facilities released an

average of 177,386 pounds of toxic chemicals as

compared with a 1989 nationwide average of 252,810

pounds released per facility (USEPA, 1991). In

1991, Illinois releases per facility reached 237,911

pounds. The increase in 1991 is again explained by

the change in reporting requirements. The publicity

associated with the Toxic Release Inventory has

inspired some companies to reduce the release of

toxic chemicals. Firms across the state have also

begun to implement pollution prevention techniques

in response to regulatory and economic pressures.

Table 10.3.

1987-1991

Illinois TRI: Adjusted Releases Per Facility

Year
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Table 10.4. Top 10 TRI Chemicals Released in Illinois 1991 Compared to Prior Years

Chemical Name



TOXIC RELEASE INVENTORY

Water Discharges

Illinois water releases in 1990 were dominated by one

chemical, ammonia, with 4.86 million pounds

released comprising 68% of all water discharges

(Table 10.8). Chemicals discharged to water seem to

have fluctuated dramatically since 1988 with no clear

trend. The top five chemicals discharged to water

Table 10.6. Top Five Chemicals Released Via Fugitive Air

accounted for over 96% of all water discharges. It

must be noted that in 1990, USEPA gave TRI

facilities the option of reporting ammonium sulfate

(solution) either as ammonium sulfate (solution) or as

ammonia. One IlHnois facility chose to report its

1990 release of ammonium sulfate (solution) as

ammonia accounting for a large portion of the

increase in ammonia releases in 1990.

Chemical
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POTW Releases Underground Injection

Over 80% of POTW releases consisted of the top five

chemicals listed in Table 10.9. Hydrochloric acid and

Ammonium Sulfate (solution) each accounted for

more than 25% of total POTW releases, 17.6 and

17.5 million pounds respectively. The release of

these two chemicals has not changed dramatically in

total volume since 1988.

More than any other category, underground injection

was dominated by one chemical, hydrochloric acid,

accounting for 9.3 million pounds or over 98% of all

TRI underground injection releases (Table 10.10).

Hydrochloric acid was also the primary chemical

injected in 1988. Sulfuric acid was the only other

chemical injected in a sizable quantity, still only

amounting to 1.7% of the total.

Table 10.9. Top Five Chemicals Released Via POTW

Chemical
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Land Releases

The biggest distinction between land releases and

releases to other categories is the fact that land

releases are dominated by metals and metal

compounds in contrast with media groups previously

discussed. Zinc and zinc compounds accounted for

almost 50%, 7.7 million pounds, of the TRI

chemicals released to land (Table 10.11). Of the top

five chemicals released to land, four are considered

metals.

Off-Site Transfer

Off-site TRI transfers have been difficult to analyze,

especially before 1991, because it was not clear how
these chemicals are ultimately released to the

environment. If not reused, off-site transfers will

ultimately be released to land, air or water at the site

to which they are transferred. The category

represents a mixture of different types of releases of a

variety of chemicals. The top chemical group in

1990, zinc and zinc compounds, contributed the

largest share, 7.67 million pounds (21.68%) of total

transfers (Table 10.12). Many other chemicals are

released in smaller amounts. Metal compounds

dominate the list of off-site transfers.

The 1991 TRI report provides some detailed

information about the ultimate fate of chemicals

transferred off-site. Approximately 131.4 million

pounds of TRI chemicals were transferred off-site in

1991, an increase from 50 million pounds in 1990.

The bulk of this increase is attributed to the change in

reporting requirements to include recycling and

energy recovery. Metals, energy and solvent/orggnics

recovery were the most common methods used in off-

site transfers followed by landfills/surface

impoundments. Table 10.13 lists the 1991 off-site

transfers by management method used. The top

chemicals transferred off-site in 1991 will reflect the

fact that recycling was most common. TRI chemicals

that lend themselves to recycling methods will be

reported transferred in the highest quantity.

Table 10.11. Top Five Chemical Releases Via Land Releases

Chemical
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Table 10.13. 1991 Off-Site lUinois TRI Transfers by

Management Method

1991 Illinois TRI Source Reduction Data

Percentage of Reductions By Type

Management Method
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1991 TRI Source Reduction Efforts by Industry

Percent Total Pounds Reduced Table 10.14. EPA 33/50 Program Chemicals

27.3%

V <
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8.0%

28 Chemicals and Allied Products 033 Primary Metal Industries

34 Fabricated Metal Products 026 Paper and Allied Products

H37 Transportation Equipment Q36 Electronic and Electrical Equipment

D35 Machinery, Except Industrial Machinery & Equipment

027 Printing. Publishing and Allied Industnes

38 Measuring. Analzing and Controlling Instruments

Source: lEPA. 1993. IEPA/ENV/93-005.

Figure 10.6

groups included in the program. The 33/50 program

overlaps with the Clean Air Act Amendments of 1990

(CAA) as air emissions accounted for over 70% of

releases and transfers of the 17 priority chemicals.

USEPA envisions that the CAA and the 33/50

program will work together to promote pollution

prevention among US industrial facilities.

At least 101 Illinois companies are participating in

the 33/50 program and represent a variety of

indusuies. They are located primarily in the

metropolitan areas of the state. Using TRI data,

trends can be observed in the release and transfer of

33/50 chemicals. This analysis includes releases for

all TRI facilities, some of which are not participating

in the program. Reductions in the release and

transfer of 33/50 chemicals are expected to be driven

by facilities participating in the voluntary program.

The current statewide trends may provide an

indication of the future success of the program.

Total releases of 33/50 chemicals in Illinois declined

until 1990 but then increased to 77.5 million pounds

in 1991. 33/50 releases account for approximately

25% of all TRI releases in Illinois (Figure 10.7).

Table 10.15 lists all of the 33/50 program chemicals

or chemical groups, total pounds released in 1988,

33/50 Chemical Class
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Table 10.15. 33/50 Program Chemical Releases 1988, 1990 and 1991 (Pounds Released)

Chemical
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Illinois TRI Releases 1988-1991

33/50 Chemical Releases as Percentage of Total
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Figure 10.7
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HEALTH EFFECTS GROUPS

EPCRA section 313 was designed to infomi the

public about toxic chemicals which are released in

their community. lEPA has produced chemical

information sheets for some EPCRA 313 chemicals to

educate people about the toxicological aspects of

chemical releases. In addition, the chemicals being

released in Illinois have been documented as

potentially causing various health effects (lEPA,

1992). Some chemicals are considered known human

carcinogens (KHC), probable human carcinogens

(PHC), teratogens, reproductive toxicants and/or fetal

toxicants. The totals for these categories are not

exclusive; one chemical may fall into more than one

category. lEPA grouped TRI chemical releases by

these human health effect categories for the purpose

of analysis. Figure 10.8 demonstrates the overall

trend in the release of chemicals for the five health

effects groups. When evaluating such health category

data, it is important to remember that exposure to

these toxic chemicals depends on a number of site-

specific environmental conditions in the geographic

area of release, and that these issues are not

addressed in TRI.

The releases in these health effects groups have

fluctuated since 1987. The increased releases during

1988-1989 may be explained by changes to the

minimum threshold values required for reporting.

The 1990-1991 increase is the result of overall

increases in that year due to the expansion of the off-

site transfer category. Most health effects groups

other than KHC showed dramatic fluctuations in

chemicals released.

There are some differences among the health effect

groups with regard to the media which chemicals

were released between 1987 and 1990. Air emissions

(fugitive and stack) and off-site transfers were

common for all groups. Releases to POTW's were

common for KHC's, teratogens and for reproductive

toxicants to a lesser extent. Land releases arc

substantial for only the KHC and reproductive

toxicant groups. Figures 10.9 through 10.13 display

the releases by type in reporting years 1987-1990 for

each health effect group. Trends can bo observed for

some of the media categories. For example, off-site

transfers of KHC's were more common in 1990 than

in 1987 (Figure 10.9). Trends arc observed in air

emissions for some other categories. Releases to

fugitive air have declined for KHC, reproductive
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toxicant and fetal toxicant releases. The observation

of such trends may be useful for regulatory purposes

or identifying topics warranting toxicological research

in the future.

Known Human Carcinogens TRI Releases

Media Types 1 987-1 990

16.9%

9.4%

21 .3%
29.6%

12.7%
,

,16.1%

«|: \
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34.8%
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Figure 10.12

INDUSTRIES REPRESENTED IN TRI
REPORTING

The chemical and metals industries have consistently

been major contributors of TRI chemicals in Illinois.

Over 65% of total TRI chemicals released in 1991

were from two industry groups, Chemicals and Allied

Products (SIC 28) and Primary Metal Industries (SIC

33), with 117.8 million pounds (37.85%) and 85.9

million pounds (27.59%) of total releases

respectively. The remaining 35% was released by

facilities in seventeen other major industry groups

required to report under section 313.

The distribution of the number of TRI facilities by

industry group is slightly different than total releases.

Of the 1301 facilities reporting in 1991, the largest

percentage were from the chemical industry (22.52

%), followed closely by the Fabricated Metal

Products industry with 21.5%. Fabricated metal

products includes elecu^oplating facilities which are

numerous in Illinois. Table 10.16 lists the major

industry groups, number of facilities and pounds

released in IlUnois for the 1991 TRI reporting year.

Standard Industrial Classification Codes (SIC) help

identify industries as specifically and consistently as

37.1%

3.4%
25.1%

1 989 Releases
26.6%

1 990 Releases

DFugitive QStack ^POTW BOff-Site QLand HAM Other Media

Source: Illinois EPA Annual Toxic Chemical

Reports 1987. 1988, 1989. 1990

Figure 10.13

possible. Two-digit codes broadly categorize

industries and 4-digit codes provide an additional

level of detail. Illinois TRI releases have been

categorized by 4-digit code to provide more

descriptive information about TRI industries. One
would expect similarities among facilities with the

same 4-digit SIC code with regard to industrial

process and toxic chemicals released.

Since 1987, the lop 30 4-digit SIC code industries

have accounted for 80 to 86% of total TRI pounds

released and approximately 40% of the reporting

facilities. Table 10.17 lists the top 15 4-digit

industry groups in Illinois reporting for 1991, number

of facilities and pounds released. Ten Illinois

facilities in the steel works industry (SIC 3312)

released over 31.5 million pounds of TRI chemicals

in 1991. The steel industry has consistenUy been

near the top of the list of industries releasing TRI
chemicals. This is also the case for most of the top

15 releasing industries in 1991. Table 10.18 shows

the top fifteen 4-digit SIC categories for 1987, 1988,

1989, 1990 and 1991. These industries have

consistently been the lop releasers of TRI chemicals.
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Table 10.16. TRI Releases by Major Industry Group-1991

Industry Group
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Table 10.17. 1991 Top 15 4-Digit Industry Groups Based on Tola! Pounds TRI Chemicals Released

SIC
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Table 10.18. 15 SIC groups releasing the most TRI

chemicals from 1987-1991.

Table 10.19. Top 10 Industry Groups Releasing

TRI Chemicals in Chicago Metropolitan Area 1991

1991
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Figure 10.14.

Number of TRI Facilities

Per County in 1990
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Rgure 10.15.

Total Pounds TRI Chemicals
Released By County In 1990
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Appendix 10.1: Toxic Release Inventory Chemicals (Ordered By Cas Number)
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75-71-8

7550-45-0

759-73-9

76-13-1

76-14-2

76-15-3

76-44-8

7647-01-0

7664-38-2

7664-39-3

7664-41-7

7664-93-9

7697-37-2

77-47-1

77-78-1

7723-14-0

7782-49-2

7782-50-5

7783-20-2

78-84-2

78-87-5

78-88-6

78-92-2

78-93-3

79-00-5

79-01-6

79-06-1

79-10-7

79-11-8

79-21-0

79-34-5

79-44-7

79-46-9

80-05-7

80-15-9

80-62-6

8001-35-2

8001-58-9

81-07-2

81-88-9

82-28-0

82-68-8

84-66-2

84-74-2

842-07-9

85-44-9

85-68-7

86-30-6

87-62-7

87-68-3

87-86-5

88-06-2

88-75-5

88-89-1

90-04-0

90-43-7

90-94-8

91-08-7

91-20-3

91-22-5

DICHLORODIFLUOROMETHANE
TITANIUM TETRACHLORIDE
N-NTTROSO-N-ETHYLUREA
FREON 113 (Ethane)

DICHLOROTETRAFLUORETHANE
MONOCHLOROPENTAFLUOROETHANE
HEPTACHLOR
HYDROCHLORIC ACID
PHOSPHORIC ACID
HYDROGEN FLUORIDE
AMMONIA
SULFURIC ACID
NITRIC ACID
HEXACHLOROCYLCOPENTADIENE
DIMETHYL SULFATE
PHOSPHORUS (white)

SELENIUM
CHLORIDE
AMMONIUM SULFATE (solution)

ISOBUTYRALDEHYDE
DICHLOROPROPANE, 1,2

DICHLOROPROPENE, 2,3

BUTYL ALCOHOL, sec

METHYL ETHYL KETONE
TRICHLOROETHANE, 1.1,2

TRICHLOROETHYLENE
ACRYLAMIDE
ACRYLIC ACID
CHLOROACETIC ACID
PERCETIC ACID
TETRACHLOROETHANE, 1,1,2,2

DIMETHYLCARBAMYL CHLORIDE
NITROPROPANE, 2

ISOPROPYUDENEDIPHENOL, 4,4'

CUMENE HYDROPEROXIDE
METHYL METHACRYLATE
TOXAPHENE
CREOSOTE
SACCHARIN
C.I. FOOD RED 15

AMINO-2-METHYLANTHRAQUINONE, 1

QLTNTOZENE
DIETHYL PHTHALATE
DIBUTYL PHTHALATE
C.I. SOLVENT YELLOW 14

PHTHALIC ANHYDRIDE
BUTYL BENZYL PHTHALATE
N-NTTROSODIPHENYLAMINE
XYLIDINE, 2,6

HEXACHLORO-1 ,3-BUTADIENE
PENTACHLOROPHENOL (PCP)

TRICHLOROPHENOL, 2,4,6

NITROPHENOL. 2

PICRIC ACID
ANISIDINE, o

PHENYLPHENOL, 2

MICHLER'S KETONE
TOLUENE-2,6-DIISOCYANATE
NAPHTHALENE
QUINOLINE

91-59-8
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People have dealt with waste management issues ever

since permanent settlements came into existence.

Industrial and population growth necessitated the

adoption of adequate waste management practices to

improve and maintain sanitary conditions. Even

though experts began to recognize the connection

between transmission of disease and sanitary

conditions by the mid 1800's, solid waste disposal

technology was slow to evolve. The removal of

wastes from residential and industrial areas was seen

as a high priority and by 1880, 43% of U.S. cities

provided collection services for wastes (85% of cities

by 1915) (Eldredge Engineering, 1989). Ocean

dumping and burning were considered preferred

management options until after World War II when

air pollution conditions became of greater concern.

Before 1970, solid waste management practices in

Illinois, as in most states, were casual and drew little

public attention. Anyone could create an open

dumpsite on their property by obtaining zoning

authorization from the local zoning board or city

government For $25 they could register their site

with the Illinois Department of I*ublic Health without

any public intervention or design requirements

(Wenner, 1987).

On January 1, 1970, President Richard Nixon signed

into law the National Environmental Policy Act

(NEPA) which set in motion a wave of environmental

legislative activity (Wentz, 1989). In that same year,

the General Assembly passed the Illinois

Environmental Protection Act which created the

IlUnois Environmental Protection Agency (lEPA) and

the Pollution Control Board (PCB). The PCB was

designed to set statewide environmental standards for

control of air, water and land pollution and to judge

violations of these standards. lEPA's job was to

enforce those regulations and issue permits including

those for pollution control facilities and equipment

(lEPA, 1991).

The severity of the waste problem that existed in the

early 1970's is demonstrated by the fact that of 250

milhon ions of residential, commercial and

institutional solid wastes produced nationally in 1969,

only 190 million tons were collected. The remainder

was scattered in backyards, vacant lots and along the

roadways. In addition, over 1 10 million tons of

industrial wastes were produced in that year (Brunner,

1972). Statistics such as these and the increasing

difficulty in locating proper disposal sites prompted

the USEPA to regulate landfill sites and officially

recommend sanitary landfiUing as an acceptable

alternative to open dumping.

In 1979, the Illinois PCB adopted regulations

governing special waste to eliminate the unregulated

disposal of certain industrial wastes and to provide a

practical alternative to sole reliance on the then-

existing RCRA hazardous waste guidelines. Special

wastes are regulated by the Illinois Environmental

Protection Agency (lEPA) and similar data reporting

is required regardless of whether the special waste is

hazardous or nonhazardous. For example, generators

of special wastes are required to report amounts of

hazardous and nonhazardous waste shipped to off-site

TSD facilities. All special waste treatment, storage

and disposal (TSD) facilities in IlUnois must secure a

permit from lEPA before accepting special wastes.

The regulations also require shipments of special

waste handled off-site to be manifested.

In 1981, the Dlinois General Assembly amended the

Environmental Protection Act with Senate Bill 172

(SB 172) to address issues related to siting of waste

management facilities. SB 172 assigned the

responsibility of approving the location of all new
facilities to the county and municipal governments. It

was passed at a time when many states were

modifying siting procedures for hazardous waste

facilities to weaken the authority of local

governments. In 1977, only three states had statutes

governing the siting of hazardous waste management

facilities. By 1988, 41 states had such laws

(Houghton, 1989). The Dlinois legislature chose to

give more decision-making power to local

government despite the national trend in response to

local governments' desire to assert more control over

siting. Previously EPA controlled the process.

SB 172 created a distinction between regional and

local pollution conu^ol facilities. Local pollution

control facilities are defined as facilities located

within the jurisdiction of a unit of government and

intended to serve only that unit These include new

water or sewer facilities, as well as all trcauncnt,

storage, disposal and recovery (TSDR) facilities
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located on property owned by an industry and used to

manage waste generated only by that industry. Under

the law, local pollution control facilities are subject

only to zoning or land use approval from the local

government

Regional pollution control facilities (RPCFs) are

limited to "any waste storage site, sanitary landfill,

waste disposal site, waste transfer station or waste

incinerator accepting waste from or serving an area

that exceeds or extends over the boundaries of any

local general purpose unit of government (Illinois

Environmental Protection Act, Section 3.32)."

RPCF's are subject to a more public siting approval

process than local facilities. Certain facilities are

excluded from the definition. The siting provisions

are found in Section 39.2 of the Act

The intent of SB 172 was for citizens to be fully

informed in the siting process for a RPCF. A firm

wishing to establish a new RPCF, expand an old one,

or begin receiving hazardous or special wastes must

request approval from either the county board or

municipality. Notifications and hearings are required.

SB 172 specifies that approval should be made in

accordance with the following criteria:

1) the facility is necessary to accommodate the

waste needs of the area it is intended to

serve;

2) the facility is so designed, located and

proposed to be operated that the public

health, safety and welfare will be

protected;

3) the faciUty is located so as to minimize

incompatibility with the character of the

surrounding area and to minimize the

effect on the value of the surrounding

property;

4) the faciUty is located outside the

boundary of the lOO-year flood plain or

is flood proofed;

5) the plan or ojierations for the facility is

designed to minimize the danger to the

surrounding area from fire, spills or

other operational accidents;

6) the traffic patterns to or form the facility

are so designed as to minimize the

impact on existing traffic flows;

7) if the facility will be treating, storing or

disposing of hazardous waste, an

emergency response plan for the facility

which includes notification, containment

and evacuation procedures to be used in

case of an accidental release;

8) if the facility will be located within a

regulated recharge area, any ^pUcable

requirements specified by the PCB for

such areas have been met;

9) if the facility is to be located in a county

where the county board has adopted a

solid waste management plan, the

faciUty is consistent with that plan.

The applicant's previous operating experience and

criminal violations in solid waste management may
also be considered in the approval criteria (lEPA,

1991).

Development of a new regional pollution control

facility involves health, environmental, regulatory,

social and economic decisions. Health and

environmental considerations are principal concerns in

assuring the protection of the public welfare. The

geology of the proposed site and the proximity to

population centers are issues requiring scientific

insight and proper engineering. Regulatory

requirements are meant to provide some assurance

that these needs are met and that the public interest is

represented. The economic interests of the

community in siting a new RPCF involve potential

revenue from taxes and fees, potential decrease in

property value and increase in demands on public

emergency response services. Along the same lines,

the RPCF developer/operator must consider profits

and investments to insure funds for safe maintenance

and operation (Members of the Hazardous Waste

Dialogue Group, 1983).

Once an applicant for a RPCF has obtained site

approval, development and operating permits from

lEPA must also be obtained. Permits are required to

assure tiiat the facility is properly designed,

constructed and operated to minimize pollution and

ensure safety. The permit application is reviewed for

proper site geology and proper engineering design for

leachate control, odor control and groundwater

protection among others. Proposed hazardous waste

facilities are also subject to federal Resource

Conservation and Recovery Act (RCRA) standards
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Table 11.1. SB 172 Decisions from November 12. 1981 -July 1, 1992

(lEPA. 1993)

Facility Type
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development of new waste management facilities.

Concern for dwindling landfill space and frustration

over the process lead to several unsuccessful attempts

to divert the local control over the approval process

to promote swifter development of new facilities

(EEC, 1989). Currendy, environmentalists and

developers have not reached a compromise, and SB

172 continues to provide policy measures for siting.

Number of Applicants Receiving Siting Approval

and lEPA Permit(s)

1981 '82 '83 '84 '85 86 '87 '88 '89 '90 '91

Year

'92

^ Applied Approved Permitted

Source: lEPA, Regional Pollution Control

Facility Siting in Illinois, Nov. 12, 1981-July 1, 1992

Figure 11.1
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Siting Cases at Local Level of Government

Nov. 12, 1 981 -July 1, 1992

lEPA Permitting Action on 128 Approved Sites

Nov. 12, 1 981 -July 1, 1992

Approved

63.0%
Issued
62.0%

ing

5.0%

Pending
6.0%

Denied
13.0%

Source: lEPA, Regional Pollution Control

Facility Siting in Illinois 1993

Figure 11.2

Source: lEPA, Regional Pollution Control

Facility Siting in Illinois 1993

Figure 11.3
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Landfilling is one of the oldest and simplest means to

manage waste. Landfills are used in all parts of the

country and have traditionally been the most popular

disposal option; more than 70% of the municipal

solid waste is disposed in landfills in the United

States (Suflita, 1992). The use of landfills has

historically been the most economical means to

handle refuse, largely because environmental and

safety concerns were not addressed.

The sanitary landfill was not used in this country

during the late 19th and early 20th centuries. "Open

Dumping" in which garbage was simply piled and

often burned was the most frequently used practice.

Although the sanitary landfill technique developed

around 1910 was more sophisticated, it was not

immediately adopted because it was more expensive

than open dumping and burning (Eldredge

Engineering, 1989). Despite this potentially more

effective and less environmentally threatening

technique, solid waste management in this country

was generally a neglected topic until the adoption of

comprehensive environmental regulations. As

recently as 1972, open dumping and burning were

commonly used throughout the United States.

Excessive open dumping and the increasing difficulty

in locating proper disposal sites prompted the USEPA
to regulate landfills and officially recommend sanitary

landfilling as an alternative to open dumping.

Eventually, the sanitary landfill became the only land

disposal option for many wastes.

Sanitary landfilling is defined by the American

Society of Civil Engineers as:

"A method of disposing refuse on

land without creating nuisances or

hazards to public health or safety by

utilizing the principles of

engineering to confine the refuse to

the smallest practical volume, and

covering it with a layer of earth at

the conclusion of each day's

operation." (as quoted in Eldredge

Engineering, p. 33)

Sanitary landfills are engineered to minimize the

nuisances to public health and safety when operated

properly. Many methods of sanitary landfilling have

been developed. Modem landfills often include liners

and leachate collection systems. All solid wastes

received at a site are spread and compacted in layers

at the site. Wastes are covered daily with a layer of

soil. The USEPA has stated that when properly

located, designed, and operated, sanitary landfills

protect human health and the environment (EPA/530-

SW-88-011, 1988).

Current Requirements For Landfills in

Illinois

The Resource Conservation and Recovery Act

(RCRA) of 1976 empowered the USEPA to regulate

the design and operation of landfills. In Illinois, there

are two state agencies that regulate solid wastes, the

lUinois Pollution Control Board (PCB) and the

Illinois Environmental Protection Agency (lEPA).

The lEPA has the power to enforce regulations and

guidehnes promulgated by the USEPA and the PCB
with regard to siting, design and operation of a

landfill. The PCB is the policy making body

responsible for defining environmental control

standards for disposal. lEPA is the implementation

and enforcement agency for the PCB regulations.

In 1973 the PCB enacted the first regulations in

Illinois regarding solid waste landfills. At that time,

no distinction was made between the various types of

waste that were disposed in landfills. The regulations

have been amended since, and currently, landfills are

regulated with regard to the type of waste disposed.

As of September 1990, three types of landfills are

permitted in Illinois: hazardous waste landfills,

putrescible and chemical waste landfills and inert

waste landfills. The standards applicable to each

landfill are dependent on the age of the site and

whether the site is new or existing.

Requirements for hazardous waste landfills in Illinois

meet or exceed USEPA siandards. Slates are

required to promulgate rules at least as su-ingcnt as

RCRA guidelines. Title 35 of the Illinois regulations

provides the definition of hazardous waste and

includes specific industrial by-products, pesticides and

chemicals considered ha/.ardous by USEPA. New
hazardous waste landfills must install two or more

liners, leachate collection systems, and run-on and
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run-off systems. Proper closure and post-closure care

is required of all hazardous waste landfills. This

includes maintenance of the cover, an operational

leachate collection system and groundwater

monitoring wells.

Since the advent of hazardous waste regulations, a

number of different hazardous wastes have been

banned from land disposal. Many of these

restrictions have recently taken effect; therefore, the

use of land disposal for hazardous waste should

decline in the future.

The regulations governing putrescible/chemical waste

landfills and inert waste landfills in Illinois are

influenced by the restrictions on hazardous waste

disposal. Part 811 of the regulations outlines the

location standards for all nonhazardous waste landfills

including consideration of the lOO-year flood plain,

habitats of endangered species and areas of historic or

archaeological significance. Requirements are

provided for the management of run-off from a

landfill site. Compaction and daily-cover standards

are provided as well as general operating standards.

Closure and post-closure plans are also required.

The newest Illinois landfill regulations adopted in

1990, provide more stringent regulations for

putrescible/chemical waste landfills and outline

specific minimum standards to which existing sites

must comply. The more comprehensive regulations

primarily affect design, consfruction and groundwater

monitoring aspects of landfills. New landfills must

satisfy the requirements for siting, permitting, design,

construction, quality assurance, landfill operations,

monitoring, financial assurance and closure and post-

closure care with a subset of these being applicable to

existing sites. The location standards for new sites

are specific with regard to the proximity to roads,

dwellings and set-back zones. New
putrescible/chemical waste landfills are required to

have compacted earth liners and leachate drainage

and collection systems. Landfill gas monitoring and

groundwater monitoring systems are also required.

Owners of existing sites who either cannot or choose

not to comply with the minimum requirements such

as more sophisticated groundwater monitoring were

required to initiate closure by September 18, 1992.

Landfills that have met specific portions of the new
requirements may remain open for up to seven years

(IEPA/LPC/91-59, 1991). In general, operators who
wish to remain open for seven or more years must

fully comply with the new regulations. Due to the

stricter requirements, fifty-seven of the nonhazardous

solid waste landfills active in 1991 notified lEPA of

an earlier closure than reported remaining capacity

would dictate.

For landfills accepting only inert wastes, a leachate

test is necessary to determine how much, if any,

contaminants exist. By definition, most inert wastes

are construction and demolition-type debris like

concrete, asphalt, rubble, general metals and masonry.

The operator of an inert waste landfill may not accept

wastes unless accompanied by documentation that the

wastes are indeed inert (811.207), and must conduct

random checking for verification.

Reporting Requirements for Illinois Landfills

IlUnois landfills may be subject to a number of

different reporting requirements depending upon the

type of waste accepted. Landfills accepting

hazardous waste are required to summarize annual

activities and submit reports to lEPA. The EPA
publishes Hazardous Waste Annual Reports based on

information submitted by generators and management

facilities. The first such report was published in

1982. The reports list the volume of hazardous waste

accepted at each permitted landfill.

As required by the Illinois Solid Waste Management

Act of 1986, lEPA must publish an annual report

projecting the available capacity for solid waste

disposal in the state's sanitary landfills. The data

used to compile these reports is submitted by landfill

owners and operators. In addition to projecting

available capacity, these reports are useful in

estimating how much solid waste is disposed in

Illinois' landfills. These reports do not specifically

distinguish between special nonhazardous wastes and

other types of waste considered to be nonhazardous.

Nonhazardous special wastes, when disposed in

putrescible/chemical waste landfills will be reflected

in the reporting provisions of the Sohd Waste

Management Act.

Recent changes in EPA reporting requirements

require operators of facilities to report annual

volumes of nonhazardous special wastes that are

managed. This new report will provide information

about quantities of these wastes disposed in landfills.

Number of Landfllls in Illinois

As the number of environmental regulatory programs

increased and waste disposal became the subject of

increased public and political scrutiny, the number of

landfills operating in the state declined dramatically.
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The development of new landfills has been well

documented since regulation of landfills began about

1970, but identifying the precise number of sites prior

to regulation is challenging. No central agency

maintained records throughout the state and the level

of precision varies where records were maintained.

A number of historical inventories have been

conducted throughout Illinois using information from

a number of sources to fill in the information gaps

between pre-regulation and regulatory years. The

most comprehensive of these efforts was automated

and updated by ISGS for HWRIC between 1984 and

1988. The most recent report discussing findings of

the inventory was published in 1990. This Inventory

of Landbased Disposal Sites includes information

from lEPA's regulatory files, pubhc health and solid

waste planning agencies and research conducted by

historians in the Chicago metropolitan area. This

inventory contains information about many types of

land disposal sites both open and closed. The

HWRIC inventory identified 3,079 sites in Illinois

that at one time were classified as "landfills"

including sites closed prior to regulation.

The lEPA maintains a Comprehensive Inventory of

Special Waste Handlers which lists all types of

facilities subject to regulation by the Division of Land

Pollution Control. In 1990, this inventory listed

1,937 sites as landfills. In addition, 1,711 sites were

classified as "Illegal Dumps", some of which are sites

used for land disposal. The HWRIC and lEPA

inventories are not direcdy comparable because of

differences in definition and criteria for inclusion. It

is reasonable to assume, however, that over 3,000

sites have been identified as operating or closed

landfills.

During 1992, only 106 landfills in the state were

actively accepting solid waste and were required to

report remaining capacity to the lEPA. Most of these

landfills are permitted to accept nonhazardous special

waste and two have permitted commercial hazardous

waste landfill sites at (or near) the same location. As

a result of the changes in landfill regulations

requiring minimum standards for monitoring and

design, only 82 of these solid waste landfills

continued to accept waste as of September 1992. It

is anticipated that only 64 of these sites will remain

active in 1993. In 1990 there were 17 sites permitted

as non-regional pollution conuol facilities to accept

nonhazardous special waste. These sites are used

primarily for the disposal of wastes generated by

industrial facilities at the site or one of iLs

subsidiaries. In addition, there are several non-

commercial hazardous waste landfills permitted to

manage waste at the location of generation.

Figure 12.1 displays the number of landfills accepting

solid waste that are subject to the Illinois fee (under

provisions of the Solid Waste Management Act) from

1987 to 1992. The shrinking number of landfills in

Illinois will potentially affect the state's capacity for

solid waste disposal. The threat of higher disposal

costs due to reduced capacity have pushed some

municipalities and government officials to study solid

waste planning more closely.

Number of Non-hazardous Waste Landfills

160

1?G

:

117

110
106

1987 "88 '89 90 91 '92

Year

Source: Available Disposal Capacityfor Solid

Waste in Illinois, IEPA, January 1993.

Figure 12.1

Inert waste landfills have only recently been regulated

as such, making statistics difficult to find. When the

Solid Waste Management Act was enacted in 1986,

the Illinois General Assembly recognized that

landfills permitted to accept only demolition or

construction debris or landscape waste pose less

threat to the environment than other types of landfills.

It was estimated at the time of the Act that over 300

landfills in Illinois accepted only these types of

wastes. A recent estimate based on a 1990 lEPA

Comprehensive Inventory databases listed 72 active

sites permitted to accept demolition debris.
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Landscape waste is now not permitted to be disposed

in solid waste landfills. Composting sites throughout

the state have been permitted to accept all types of

yard waste.

Capacity For Landfill Disposal

Despite the decline in the number of operating solid

waste landfill sites, the state's reported landfill

capacity for solid waste has increased in recent years

(see Figure 12.2). These increases are due to

improved reporting and the expansion and addition of

several landfill facilities. The lEPA reported that, as

of April 1, 1992, the state had 372.2 milhon cubic

yards of remaining capacity for landfill disposal of

solid waste. lEPA cautions, however, that the

number of landfills submitting information in error

remains high. The Agency has revised its solid waste

capacity reporting requirements to include an

engineer's certification of accuracy.

The fact that an increase in capacity for solid waste

disposal is being accomplished with fewer landfill

facilities is consistent with a nationwide trend to

fewer but larger landfills. The average reported

capacity per operating landfill in lUinois has increased

since the first annual report on available disposal

capacity (Table 12.1).

Table 12.1. Remaining Solid Waste Capacity Per Active

Illinois Landfill

llinois Available Capacity for

Solid Waste Disposal

500

Year
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Table 12.2. Capacity Assurance Plan 1989

Remaining Capacity for Landfill Disposal of Hazardous

Wastes

Year
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Hazardous Waste Disposed at Illinois Landfills

350

Solid Waste Disposed in llllinois Landfills

Source: 1EPAILPCI92-052. lEPA. 1992.

Figure 12.3

1987 1988 1989 1990 1991 1992

Year

Source: lEPA Available Disposal Capacityfor

Solid Waste in Illinois

Figure 12.4

Wastes Disposed in Illinois Landfills 1990

98.0%

2.0%

ISolid Wastes DHazardous Wastes

Figure 12.5
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component of the solid waste stream that is disposed

in landfills. In 1990, paper comprised 31.9% by

volume of the wastes landfilled. Table 12.4 displays

the relative composition of municipal solid waste

(MSW) disposed in landfills based on USEPA's
report (EPA-530-SW-92-019, 1992).

Table 12.4. Composition of MSW
Disposed in US Landfills 1990 (percent

of estimated cubic yards).

Waste Type
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Landfill tipping fees in Illinois have not risen as

dramatically as in some other states. Tipping fees

have climbed as high as SlOO/ton in areas of the

Northeast. In one respect, lower fees result in lower

costs for disposal in this part of the country than in

others. These same low prices also make Illinois an

attractive location for the disposal of wastes from

other states. Illinois may find landfill capacity

depleting sooner than expected as more waste is

brought in from other states. In addition, the new

stricter landfill regulations have forced many Illinois

sites to begin closure procedures sooner than their

capacity would indicate. These two factors are

expected to result in even higher landfill tipping fees

in the future.

Potential Threats From Landfill Sites

While landfills are the most common disposal method

in Illinois, their use is not without risk. Landfills

have been associated with nuisances such as odors

and litter, however, a more serious environmental

concern are landfill gases and leachate. Both carbon

dioxide and methane are produced as the result of the

decomposition of organic materials disposed in

landfills. Methane production, in particular, is a topic

of concern because the gas becomes explosive at high

concentrations. Leachate, a mixture of chemicals and

water formed by rain, snow, surface water,

groundwater or other sources of water entering or

formed in a landfill (Lester, 1986), has the potential

to contaminate surface and groundwater as the

chemicals travel from the disposal site.

Environmental risks associated with landfill disposal

are not a new discovery. Contamination of

groundwater as a result of waste disposal was

recognized as early as 1932 (Lisk, 1991). In 1986,

USEPA conducted an investigation of landfills then

on the Superfund National Priorities List (NFL) (EPA
530-SW-88-011, 1988). Twenty-two percent of the

sites then listed or proposed for listing on the NPL
were identified as municipal solid waste landfills.

Many of the landfills on the NPL were old sites, but

they do provide an indication of the potential

problems associated with landfill disposal. The

USEPA evaluated some of the impacts associated

with landfill disposal in a report to Congress in 1988

entitled Solid Wasle Disposal in the United States,

Volume 1 and Volume 2. The focus of the study was
disposal of Subtitle D (non-RCRA hazardous) waste,

but the conclusions are applicable to most Illinois

landfills. USEPA reported that "available data

indicate that releases to ground water from some

municipal solid waste landfills have degraded and

may continue to degrade the environment" (EPA,

1988). The report did not conclude that specific

releases were harming human health, but on the

whole, the data indicated that some municipal solid

waste landfdls present potential risks to the

environment and human health.

Illinois has more than 3,(X)0 sites that at some point

in their history have been used for land disposal of

wastes. Disposal sites can be the source of consider-

able harm to susceptible ecosystems and water sup-

plies. If not properly located, designed, and man-

aged, these facilities can adversely affect resources

near them. In the past, siting practices were less

sensitive to the environment, and the disposal of both

hazardous and nonhazardous wastes into municipal

and private landfills was not well documented in Illi-

nois.

For many years, hazardous waste has been deposited

along with nonhazardous waste in the same facilities;

so we can reasonably assume that many of these sites

hold hazardous materials. Landfills are now regu-

lated and primarily used to receive nonhazardous

waste; however, an unknown quantity of hazardous

household wastes is still legally disposed of. Disposal

of industrially generated hazardous materials is

strictly regulated by the Illinois Environmental

Protection Agency (EEPA). Nonhazardous waste

poses less of a threat to the environment than does

waste defined as hazaidous, although some materials

with nonhazardous status have toxic characteristics

that may lead to negative health or environmental ef-

fects.

Waste, whether hazardous or not, may produce

contaminated leachate that contributes to envi-

ronmental degradation at a landfill site. The type of

waste collected at the landfill site determines the

content of leachate generated, which may include dis-

solved organic comjrounds, bacteria, various minerals,

heavy metals, and other toxic chemicals. Unless con-

trolled, each of these contaminants can migrate a

different distance, depending on the physical and

chemical proj)erties of the contaminants and the

hydrogeological conditions around the site. Of

primary concern is the potential for landfill leachate

to contaminate shallow groundwater resources (aqui-

fers) and aquatic ecosystems. The U.S.

Environmental Protection Agency has documented

environmental degradation due to land burial of

municipal wastes from leachate migration (USEPA
1988). The effects ranged from polluted groundwater

supply wells to fishkills in adjacent surface
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waterbodies.

Public and private water supplies, wetlands, deep

water habitats (lakes), and public lands (recreation

and wildlife areas) are among the areas or sites that

would be susceptible to surface and groundwater

degradation from a landfill found to be a source of

contaminated leachaie. In Illinois, for example,

public, private, and industrial water wells have been

abandoned when contaminants from nearby landfills

were detected (Shuster 1976a, Shuster 1976b).

Landfills located on floodplains can present a

particular hazard to the quality of water downstream

or in nearby wells because of the risk of flood waters

inundating landfills and washing out the wastes.

Unfortunately, past disposal siting practices have

favored floodplains, marshlands, and abandoned

gravel pits or quarries because they were considered

remote or "waste lands" (EPA 1976).

Potential Impacts of Landfills in Illinois

Assessing die potential for landfill disposal to do

harm is the first step toward prevention. The

magnitude of the potential for contamination due to

landfills in Illinois is discussed in this section within

the framework of a simple proximity model, which

simply refers to the nearness of the landfill to the

vulnerable resource. The model is liberally adapted

from two sources: (1) a USEPA, Florida State Uni-

versity, and U.S. Fish and WildUfe Service study that

pertains to the proximity of landfills to wetlands

(Lambou et al. 1988); and (2) a USEPA report (1988)

to Congress on solid waste disposal in the United

States, a study that evaluates health risks and environ-

mental resource damage associated with groundwater

contamination at municipal solid waste landfills

(Subtitle D Risk Model). Both studies use one mile

as an indicator of the area at risk from contamination

due to leachate.

Using the computer-based Geographic Information

System (GIS) and computerized location data for

landfills and other sites of potential concern, research-

ers at the ISGS and HWRIC conducted a statewide

screening to assess the proximity of landfills to envi-

ronmentally vulnerable resources. Locations of the

landfills and resources were exu^actcd from statewide

data sets on the Illinois GIS. The data .sets have

varying degrees of accuracy; each of which is ad-

dressed in the discussion of the database. By

overlaying the location data for landfill sites and loca-

tions of vulnerable areas, we are able to address the

following questions: How many landfills are located

in areas of high potential for aquifer contamination?

How many landfills are a potential threat to drinking

water sources (public and private water wells)? How
many landfills may adversely affect wetland and deep

water habitats? How many landfills may potentially

affect publicly owned lands?

The methodology used in this evaluation consists of a

sequence of computerized spatial operations to create

zones of landfill locations, overlay areas (polygon or

point data) of specific resource information (public

water wells or flood zones), and analyze the inter-

section and distribution of the resulting areas. For

example, to find how many public water wells lie

within one mile of a landfill, we surround each

landfill location with a one mile buffer zone and

overlay the data on the public water well point loca-

tion data. Intersection of a landfill location buffer

zone with a public water well location indicates that a

conflict could occur. No consideration was given to

the direction of leachate flow from the landfill and

the physical and chemical properties of contaminants

in the leachate. Analysis of constituent transport was

beyond the scope of this study.

Landfill Locations

A statewide inventory of all known land-based

disposal sites in Illinois was generated (Dixon et al.

1986) and updated (Mehnert et al. 1990) by the ISGS

(Figure 12.6). Land-based disposal sites include

landfills, land application sites, open dumps, surface

impoundments, and any other sites where land is the

final repository for waste (Mehnert et al. 1990). For

the purposes of this analysis, only sites identified as

containing landfills were analyzed. This database

contains the locations of 3,079 landfills.

Accuracy of the computerized landfill location data is

difficult to assess; however, an attempt was made to

quantify the accuracy of the database. Champaign

County was selected as the pilot study area for com-

paring inventory locations with field-verified loca-

tions. Section, township, and range locations were

compared to aerial photos and/or field locations.

While many landfills were located to within a quarter

mile, all landfills that could be found were verified to

be located within one mile of the database representa-

tion. Not all historical landfill locations could be

determined with 100% accuracy; however, enough

were found to support using the one mile buffered

area as an estimate of the location site (i.e. it was

assumed that the landfill was located somewhere

within the one mile area). The results of this proce-

dure, USEPA's one mile limitation (from their Sub-
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Landfill Locations

Landfill locations are raprasantad by a ona
mila buttered area. TTils is consistent wltt^

USEPA area-of-potantlal ttsK esttmatas and
location accuracy studies for landfills in

Illinois.

Figure 12.6

title D Risk Model of 1988), and the USEPA joint

study on landfill location proximity to wetlands

(Lambou et al. 1988) all provided support for repre-

senting each landfill in the database as a one square

mile area. This one mile region was applied to deter-

mine proximity of landfills to environmentally critical

areas.

Potential for Contamination

The ISGS mapped the relative potential for

contamination for aquifers statewide (Figure 12.8) by

rating sequences of geologic materials for the sus-

ceptibility of its water-yielding materials to

contamination from waste-disposal practices. The

vertical sequences were rated by assessing the relative

capacities of the earth materials to accept, transmit,

restrict, or remove contaminants from waste effluents

(Berg et al. 1984). It is impossible to assess the

accuracy of this interpretive map, which is used prin-

cipally to assist in regional, not site specific,

assessments. It was used in this analysis to give an

indication of how many existing landfills may be

located in areas with high potential for shallow aqui-

fer contamination. Figure 12.7 represents an estimate

of the proportion of known Illinois landfill sites that

faU into four categories of contamination potential.

These four categories were summarized from

classifications found in Berg et al. (1984).

Distribution of Illinois Landfills by

Potential for Contamination

41 .5%

6.0%

1 1 .8%

40.7%

Highest Potential G O DLowest Potential

Source: HV/RIC Inventory ofLandbased Disposal

Sites, 1989; ISGS Aquifer Recharge Mapping

Figure 12.7

Public and Private Well Locations

The ISGS and Illinois State Water Survey (ISWS)

each maintain extensive water well databases. The

public water well database, developed and maintained

at ISWS (Figure 12.9) contains 5,453 public wells, of

which 3,496 are in use or held as emergency wells.

The database is fairly accurate, as the locations of

pubUc water supply wells are carefully documented.

The private well database at the ISGS (Figure 12.10)

contains 146,691 wells and is a subset of a larger

database containing more than 355,000 borings of all

types drilled in Illinois. There is no reasonable way

to assess the accuracy of the private water well

database, but sample studies have shown that 75% of

the wells used were located within a quarter mile of

their actual locations.

For this study, we assumed that (1) the locations of

public and private water supply wells are a good

indication of the occurrence of groundwater
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Potential for Groundwater

Contamination

LEGEND

^H highest potential

lowest potential

I I water or disturbed land

IHHHHH

ISIM

Figure 12.8

Potential for Contamination Mapping in

Illinois. Modified from Berg & Kempton,
1984.
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Public Water Well Ljocations

Figure 12.9

Public water well locations In Illinois

From ISWS PICS Datat)ase, 1993
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Private Water Well Locations

Figure 12.10

Private water well locations in Illinois.

From ISGS Wells Database, 1993
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resources, regardless of the depth of the well, and (2)

the database represents the entire public and private

water well universe. It was assumed for this analysis

that public and private water wells within one mile of

a landfill site may be susceptible to contamination. It

was not within the scope of the study to determine

the hydraulic gradient between every landfill and

water well in the entire state; therefore some assump-

tions had to be made. In a worst case scenario, for

example, all contaminants could move in every direc-

tion from the landfill. This is a conservative ap-

proach and any site specific study would reveal that

this is not the case. For this statewide screening,

however, the assumption was considered acceptable.

Analysis of the locations of private water wells re-

vealed that the percentage of wells located within one

mile is approximately 10% (Figure 12.11). Analysis

of the locations of pubUc water wells revealed that

approximately 25% occurs within one mile of a

known landfill (Figure 12.11). This finding is

especially significant because many people can be im-

pacted by the contamination and subsequent abandon-

ment of a public water supply well. Considering that

older municipal landfills were commonly sited near

the urban area served and that public wells are

drilled, whenever possible, close to the people using

the water, it is not surprising to find landfills close to

water wells. Improperly sited landfills, generally the

older facilities, pose a risk to surface and ground-

water supplies. The EPA has documented cases of

past contamination of public water wells by landfill

sites (EPA/530/SW-517 1976, EPA/530/SW-5I4

1976). However, current monitoring regulations and

siting criteria should minimize public water well

contamination from landfills, regardless of proximity.

Public Lands

Public land data (Figure 12.12) came fi-om the State

Reserve System Units Database, which is part of the

Illinois Geographic Information System (IGIS)

Statewide l:500,(XX)-Scale Database. It contains State

paries, nature preserves, game farms, recreational

areas, and natural areas. The accuracy of this data-

base is uncertain. Because many people use State

lands and waterways for recreation, this analysis was

included to assess the potential risk to these areas

from migration of landfill leachates. For this study,

we assumed that areas within one mile of a landfill

may be susceptible to contamination. Nearly 5% of

the total acreage of public lands falls within one mile

of a known landfill (Figure 12.13).

Number of Illinois Water Wells Within One
Mile of Illinois Landfill Locations

25.5%

74.5

Public Water Wells

9.7%

90.3%

Private Water Wells

D% Within One Mile B% Outside One Mile

Source: HWRIC Inventory ofLandbased Disposal

Sites, 1989: ISGS Coverages

Figure 12.11

Wetlands and Deep Water Habitats

Wetland and deep water habitat mapping covers areas

that range from an occasionally wet meadow to a per-

manently flooded lake or river (Figure 12.14).

Wetlands are transitional between aquatic and terres-

trial systems; the water table is usually at « near the

surface, or shallow water covers the surface

(Cowardin et al. 1989). In Illinois, wetland habitats

can be divided into 13 separate community types:

scrub-shrub, swamp, bottomland forest, shallow

marsh/wet meadows, deep marsh, qjen water

wetlands, littoral lake, littoral shore, littoral emergent,

perennial riverine, intermittent riverine, lacustrine

deep water, and riverine deep water (Suloway et al.

1992).

Wetland locations in Illinois (digitized from 1:24,(XX)-

scale mapping) are fairly accurately represented in the

weUand database, which comes from the National

Wetlands Inventory of the U.S. Fish and Wildhfe

Service and is maintained and distributed by the

IlUnois Natural History Survey. The inventory for

Illinois was conducted according to established

national standards and not restricted by wetland size

or type. For this analysis, however, type or size of

the wetland was not considered.
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stale Owned Lands

Pubtic owned lands In llUnoto. Taken trofn the

IQIS State Reserve System Units Database. 1983.

Acreage of Environmentally Sensitive Areas

Within One Mile of Illinois Landfill Locations

95.4%

8.0%

Floodplains Wetlands and Deep
Water Habitat

4.7%

95.3%

Public Lands

n% Within One Mile B% Outside One Mile

Source: hfWRlC Inventory ofLandbased Disposal

Sites. 1989: ISGS Coverages

Figure 12.13

Figure 12.12

Wetlands currently cover less than 3% of Illinois. At

the time of settlement, wetlands covered an estimated

8.2 million acres or 23% of the state. A policy of no

net-loss of wetlands has been declared at the federal

level because these ecosystems are so important to

our planet (U.S. Fish and Wildlife Service 1990).

They support a high degree of biological productivity

due primarily to dynamic water levels. Wetlands

regulate surface water flow and groundwater recharge

and also act as filters, cleaning water and trapping

sediment (see wetlands section of the Critical Trends

Technical Rejwrt, Volume 3: Ecological Resources).

Protecting wetland areas from biological, chemical,

and physical degradation that may occur as a result of

leaking landfills is important. Any unnatural decline

in the productivity and diversity of wetlands may
have an adverse impact on our environment.

Estimates of the number of designated wetlands

within one mile of a known landfill were determined

in this analysis. Of the total acreage of wetlands and

deep water habitats, 8% is within one mile of a

known landfill (Figure 12.13). This represents more

than 100,000 acres of wetlands and deep water habi-

tats potentially at risk if contaminants migrate from

associated landfills.

Flood Hazard Areas

A floodplain is the relatively flat area bordering a

river that is inundated when the river overflows its

banks (Costa and Baker 1981). Landfills on

floodplains may pose risks to the environment if

wastes wash out of the facility during episodes of

high water. In the past, there were no restrictions on

siting land di.sposal facilities on floodplains in

Illinois. The Illinois Pollution Control Board now

mandates (1) that a landfill must be designed,

consuuctcd, and operated to prevent washout of waste

from a landfill during flooding, and (2) that the flow

and storage capacities of the floodplain not be re-

duced by a landfill. Maps from the Federal Emergen-

cy Management Agency, the National Flood
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Wetlands and Deep Water
Habitats of Illinois

I
HHHhH

q
iHHBHI

Figure 12.14

Wetland and deep water habitat locations

in Illinois. Mapped data provided by the

Illinois Wetlands Inventory, Illinois Wetland
Management Program and is maintained

by the Illinois Natural History Sunday.
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Insurance Program, and Flood Hazard Boundary

Maps were compiled by the Illinois State Water

SiuAfey to delineate flood hazard areas throughout

Illinois (Figure 12.15). This database was digitized

from mapping at a scale of 1:12,000 and 1:24,000,

which should be fairly accurate. Analysis of this data

reveals approximately 17,000 acres, or nearly 5% of

the acreage designated as flood hazard areas (up to

500-year flood zones in unincorporated areas), fall

within one mile of a known landfill (Figure 12.13).
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Flood Hazard Areas

Figure 12.15

100 year and 500 year floodzones for

unincorporated areas as indicated on

the Federal Emergency Management Agency
(FEMA), National Flood Insurance Program
(FIRM) maps and Flood Hazard Boundary maps

This database is maintained by the State

Water Survey
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RECYCLING

Lisa A . Damon
Hazardous Waste Research and Information

Center

Recycling has become an important waste

management alternative as costs for disposal increase,

capacity for disposal declines and public pressure

forces government and industry lo pursue

"environmentally-friendly" means for managing

wastes. Some Illinois companies and communities

have been active in recycling activities since the

1970's but a higher level of interest developed in the

late 1980's. Recycling activities help reduce the

amount of waste requiring disposal in the state,

extending the available capacity for waste disposal.

Recycling plays and important part in the solid waste

management strategy of the state and individual

communities. The Solid Waste Management Act of

1986 set the standard Illinois communities must attain

in their recycling efforts. Passage of this act spurred

on development of community recycling programs

and contributed to increasing amounts of solid waste

being recycled. EPA estimated that recycling

accounted for 11.4% of solid waste managed in the

state in 1992. Figure 13.1 shows the relative

importance of recycling among the other methods

used for solid waste management: landfiUing,

composting and incineration.

In 1992 there were approximately 476 recycling

facihties located in the state for the collection of solid

wastes. These facilities may collect paper

(newspapers, magazines, corrugated cardboard boxes,

computer paper, office paper), glass, plastics, metals

(aluminum, steel food cans, bi-metal cans, industrial

scrap metals) and miscellaneous products like used

motor oil and lead-acid batteries. Facilities are

located in at least 57 of the state's 102 counties.

lEPA has collected information about solid waste

recycling since 1989 in conjunction with the

pubhcation of the Available Disposal Capacity for

Solid Waste Reports. Each year, a survey was sent

to the state's recycling centers to collect information

about nine different categories of recyclables: paper,

metals, glass, aluminum, oil, white goods, plastic,

baueries and tires. The information provided by

recyclers was done so on a voluntary basis. lEPA

Solid Waste Handled in

1991 and 1992

87.1%

imois

1991

85.5%

1992

QLandfilled ^Recycled Composted Blncinerated

Source: lEPA Available Capacityfor Solid

Waste in Illinois, 1992

Figure 13.1

reported a response rate of 41% for the 1992

reporting year with 196 facilities completing the

survey. These 196 facilities reported collecting

1,182,224 tons of materials between April I, 1991

and March 31, 1992. Actual statewide volumes of

recycled materials are potentially larger considering

59% of the recycling facilities did not respond to the

survey.

While the lEPA survey does not provide a complete

picture of recycling activities in Dlinois, the results

can be used to demonstrate the composition of

materials collected for recycling. In 1992, paper

comprised the largest portion of recycled materials

with 49.1% of the reported volume. Metals

comprised 28.9% of the reported volume. Figure

13.2 displays the relative composition of recycled

materials for 1992. The percentage of metals

recycled has decreased since 1989, while the volumes

of paper and "other" materials increased. The "other"

category is comprised of while goods, baueries,

plastic, tires and other items. White goods comprise

the largest portion of that category with 84.9% of

reported tons (figure 13.3).

The source of these recycled materials is difficult to
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Solid Waste Recycled in Illinois 1988-1992

By Type of Waste

Composition of "Other" Solid Wastes Recycled in

1992-Percent of Total Tons

49.1%

14.8%

0.5%
4.6%

2 2%
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41% Response

Metals E3AII Paper SAIuminum EGlass Oil DOfher

Source: IEPA/LPC/92-219

Figure 13.2

84.9%
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Source: IEPAIWCI92-219

Figure 13.3

Newsprint Recycled in the City of McHenry, IL
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2.424.
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Source: McHenry Co. Defenders and McHenry Co.

Department ofSolid Waste Management

Figure 13.4
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Table 13.1. McHenry County Municipal Solid Waste Recycling Statistics

Material (volumes given in tons)

Material
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residential or other commercial sources. For

example, Naperville operates drop-off centers and

collects used oils curbside with an approximate

collection volume of 16,800 gal/year. In addition,

some service stations in Naperville area accept used

oils. The city of Rockford operates a permanent used

oil collection facility. The Growmark Corporation,

FS federated cooperative located in Bloomington had

been the sponsor of 10 collection days in 1990. The

Livingston County cooperative, Pontiac, IL, collected

3,000 and 5,000 gallons during two collection days.

Average Price Per Pound of Aluminum Cans

80

1980 '81 '82 '83 '84 '85 '86 '87 '88 '89

Year

Source: Aluminum Association; Can Manufacturers

Institute, Resource Recycling; Nov. 1989

Figure 13.5
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Historical Pricing for Old Newspapers
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SURFACE IMPOUNDMENTS

Lisa R. Smith

Illinois State Geological Survey

Surface impoundments are used for the retention,

treatment and/or disposal of both hazardous and

nonhazardous liquid waste. Whether in natural

topographic depressions, artificial excavations, or dike

arrangements, surface impoundments are used pri-

marily for storage, treatment, or disposal of fluid

wastes. They may be constructed above, below, or

partially in the ground, and may have a permeable

bottom and/or sides. Impoundments are wider than

they are deep, ranging in area from a few tenths of an

acre to hundreds of acres (adapted from USEPA
1978).

Surface impoundments can be used to dispose of all

kinds of wastes, ranging from relatively innocuous

substances to highly toxic materials. The terms pits,

ponds, and lagoons are used interchangeably with

surface impoundments.

The number of currently active or abandoned im-

poundments in Illinois is unknown. In 1980, the

Illinois Environmental Protection Agency (IE?A)
conducted an inventory and assessment of surface

impoundments in Illinois and found approximately

7,450 active or abandoned impoundments (Figure

14.1). The inventory was based on information in

files of permitting agencies; no field verification or

count was made (Piskin et al. 1980).

Five categories of impoundments were inventoried:

oil and gas (3,050), municipal (2,125), manufacturing

and utility (965), agricultural (270), and mining (258).

The lEPA suggests that more impoundments are asso-

ciated with agriculture than were documented in their

files; the numbers generated in their study should be

considered conservative.

Oil and Gas Exploration and Extraction

Waste

Impoundments associated with the oil and gas indus-

try are used for disposal of exploration and produc-

tion waste. In the past, most were used for brine

disposal. Exploration and production wastes include

produced water (brine), drilling fluids, and associated

wastes. If mismanaged, these wastes can pose risks to

soil, surface water, and groundwater (USEPA 1978).

The oil and gas industry was once the largest user of

surface impoundments for disposal in Illinois, but this

practice has been curtailed since 1980. The Illinois

Department of Mines and Minerals (IDMM) estimates

that approximately 500 to 700 pits remain in the state

today. Regulations still allow impoundments to be

used for the disposal of produced water (brine)

(Piskin et al 1980, IDMM 1993); but IDMM has

proposed regulations (Illinois Admin. Code 62, Ch. 1,

Sec. 24, Subpart H) that will prohibit evaporation pits

altogether. All existing pits must be closed within 6

months of the adoption of these rules (IDMM,
personal communication 1993). Current oil and gas

regulations set impoundment use criteria to protect

soil and usable water from contamination. Oil and gas

pits are now used primarily for tempxjrary storage of

wastes. Impoundments utilized in exploration and

production processes include temporary pits for

drilling purposes, bum pits, completion pits,

separator ponds, and plugging pits (IDMM 1993).

Municipal Domestic Sewage Waste

For the collection, treatment, and disposal of domestic

sewage wastes, municipalities and associated entities

make use of many impoundment sites in Illinois.

Treatment plants have handling capacities that range

from a few tens of thousands of gallons of waste per

day to those handling several hundred million gallons

per day. Impoundments are used in sewage treatment

processes for temporary storage, setding, or disposal

of liquid waste by percolation and evaporation.

Secondary treatment effluent is processed in im-

poundments containing chemicals to settle suspended

solids and activated sludge to help stabilize the waste.

Sewage sludge is put into drying impoundments, then

disposed of in landfills or through land spreading

(USEPA 1978, Piskin et al. 1980). These operations

must be j)ermitted by the lEPA and are required to

submit quarterly reports to the County Dcparunent of

Public Health. Sites are frequently inspected by

regulatory agencies.

Mining and Milling Waste

Mining impoundments are used to concentrate miner-

als and to dispo.se of processing slurries associated

with both coal and noncoal mineral exu^action.

Surface or open-pit mines, which are sometimes

excavated to depths below the water table, may

require the water to be collected in settling ponds.

Similarly, some underground mines must be pumped

free of groundwater. The groundwater may be acidic
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Location of Surface Impoundments

Figure 14.1

Locations of active and at>andondd surface

impoundments as Inventoried by lEPA in 1980.
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in nature and is generally deposited in settling ponds.

Such impoundments generally exist throughout the

life of the mine.

Mineral processing of sand and gravel, microcrystal-

line silica (tripoli), ganister, novaculite, silica sand,

stone, clay and shale, barite, and fluorspar may

require impoundments for washing and sorting. Coal

mines in Illinois utilize slurry impoundments for the

coal preparation process. Tailings (fine grained

wastes) from mineral extraction and milling are

transported to impoundments for dewatering and

disposal. Mineral ores, such as fluorspar, generally

consist of the principal mineral, some waste rock, and

associated minerals. In the process of extracting the

valuable minerals, ores are crushed to a fine size and

concentrated by gravity, flotation, or chemical leach-

ing. Impoundments are commonly used for the

eventual disposal of the remaining byproducts.

Seepage of fluids from these impoundments and tail-

ings ponds has been a concern, especially if the

byproducts become concentrated contaminants

(USEPA 1978, Piskin et al. 1980, OTA 1992).

Industrial Waste

Industrial impoundments are used to treat, store, and

process waste fluids and sludge from manufacturing

and service industries (Piskin et al. 1980). Some
industries treat and discharge wastes into ponds for

storage, evaporation, recycling, or infiltration.

Stabilization ponds are one of the major waste-

treatment systems used by industries because the

costs are low. As industrial waste streams can vary in

composition and rates of flow, storage ponds are

frequently used to blend the wastes and stabihze the

flow for subsequent treatment. Nonhazardous

industrial sludges are permanently held in impound-

ments by many industries in Illinois (lEPA 1978)). In

other cases, they are stored temporarily in

impoundments before being removed to landfills or

spread on land used for crops (not destined for

human consumption) (USEPA 1978, Piskin et al.

1980). Cooling water from power plants is commonly

discharged into lagoons for treatment and retention.

Settling ponds are used to store ash residues from

coal-burning utilities. Industrial waste that is

considered hazardous is placed in impoundments that

must meet strict construction and monitoring criteria.

Agricultural Waste

Agricultural waste impoundments are generally asso-

ciated with feed lot operations and principally used

for storage. Several types are used, including debris

basins (to collect runoff from animal pens); aerated

lagoons and disposal lagoons (constructed to bio-

logically decompose organic wastes); holding ponds

(constructed to store the liquid part of animal waste

runoff); and storage lagoons (constructed for the

temporary or permanent storage of manure) (USEPA
1978). Most of these impoundments are unlined.

THE ENVIRONMENTAL RISKS OF
WASTE DISPOSAL

Primary concerns associated with waste disposal into

surface impoundments are the potential to degrade or

contaminate surface and underground sources of

drinking water, render soils unsuitable for agricultural

use, and pollute the air with dust from dried-up im-

poundment surfaces.

Stored wastes may percolate through unlined or im-

properly lined impoundments into underground sourc-

es of drinking water. The groundwater contamination

potential of an unlined surface impoundment depends

on soil permeability, geochemical characteristics of

the soils, depth to the water table, rates of precipi-

tation and evaporation, nature and volume of the

waste, and chemical composition, especially of waste

containing potentially hazardous materials. Few older

impoundments in Illinois are lined. Because the soils

beneath and adjacent to many of them may be per-

meable, slow seepage of contaminated fluids from

these impoundments represents a potential threat to

surface and groundwater quality. In Illinois, an

estimated 27% of the surface impoundments invento-

ried in 1980 are located in areas where near-surface

geological conditions are highly likely to allow

leachate to infiltrate the subsurface. A more

comprehensive inventory of surface impoundments,

including field-checking of locations, is needed to

estimate the potential risks to usable sources of

drinking water (USEPA 1978, Piskin et al. 1980).

Soils as well as surface and groundwater can be

contaminated if impoundments, lined or unlined, are

allowed to overflow. Mismanagement of influent can

be as much a problem as heavy precipitation and

flooding. Excessive precipitation can also cau.sc

breaks in the sides or dikes around an impoundment,

so waste comes into contact with the soil (USEPA

1978, Piskin et al. 1980). When certain kinds of

waste contact the soil, colloidal particles are

disaggregated, desuoying the soil structure. Soils

cannot support plant growth and arc easily eroded
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when the structure is compromised (United States

Salinity Laboratory 1969).

When slurry ponds dry up, wind erodes materials and

carries the particles to nearby areas. Although less of

a concern than groundwater pollution, air pollution

has been documented in association with coal mining

impoundments in Illinois (Nawrot et al. 1982,

Bradford 1987).

CURRENT STATUS AND THE
ENVIRONMENTAL IMPLICATIONS

Locations and Use

Many changes have occurred in the locations and

uses of impoundments since the 1980 inventory.

There is no current, readily available information as

to how many surface impoundments exist in Illinois;

how they are constructed (lined or unlined); what

type and amount of waste they contain (influent

/effluent analysis); whether they are used for treat-

ment, storage, or disposal; and what potential risks

are associated with treatment, storage or disposal. The

lEPA and IDMM gather some of this information as

part of the permitting process, but neither agency has

compiled and published the data. A new, comprehen-

sive inventory is needed.

At the national level, the Office of Technology As-

sessment (OTA 1992) estimates that surface im-

poundments handle perhaps 70% of all Subtitle D
wastes, which include all nonhazardous wastes. Such

impoundments generally are unlined and

unmonitored. It might be reasonable to assume that

the same percentage of Subtitle D wastes are handled

in Illinois in the same way, especially for the older

impoundments.

Regulations

The lEPA and IDMM are responsible for regulation

of surface impoundments in Illinois. All major

impoundment categories defined in the introduction

are regulated to some degree, depending on the type

and amount of fluid to be impounded. Strict

requirements are set for the design and operation of

regulated impoundments; for example, oil and gas

waste impoundments and impoundments to treat,

store or dispose of hazardous wastes must be lined or

constructed of materials that will not allow seepage or

overtopping. Hazardous waste impoundment operators

are required to document the type and amount of

fluid put into the impoundment, as well as to provide

a plan for inspection and closure of the impoundment

to ensure compliance. Not all impoundments are as

strictly regulated as those receiving hazardous wastes.

Most agricultural waste impoundments, for example,

are neither aggressively recorded nor regulated.

Environmental Damage and Management

The lEPA found in their 1980 assessment that

groundwater pollution occurred to some degree in a

localized area of each surface impoundment; 1,211

water samples were taken from monitoring wells and

later analyzed (Piskin et al. 1980). As shown by the

1980 study, the use of groundwater monitoring wells

is one means of establishing the presence or absence

of leachate from impoundments and thus assessing

the potential for degradation of groundwater. The

practice of groundwater monitoring around surface

impoundments is implied by regulations setting grou-

ndwater quality standards, but it is not specifically re-

quired in Illinois (R. Pinneo, LEPA, personal commu-

nication 1993). Not all impoundments currently have

monitoring wells associated with them, thus it is

difficult to assess how many impoundments are nega-

tively impacting the environment. The EEPA may

require, as part of the permitting process, that existing

or new impoundments be monitored, depending on

the construction of the facility, the nature of the sur-

rounding geologic materials, and the nature and vol-

ume of the waste to be disposed of. Monitoring wells

are required if the EEPA determines that the waste

collected in an existing impoundment is toxic. Reg-

ulations require all hazardous waste disposal facilities

(Subtitle C) to have monitoring wells.

Environmental impacts from both active and aban-

doned impoundments have been documented in Illi-

nois. In 1980, groundwater pollution from active oil

and gas waste impoundments was reported in the

lEPA inventory. Other instances of suspected, but not

documented, groundwater degradation due to oil and

gas wastes were found in lEPA files. All were brine

disposal pits; all were condemned by IDMM and

eventually covered. An ISGS study (Hensel and

McKenna 1989) of the environmental impacts of oil

field brines impounded and subsequently covered in

Clay County found contaminated groundwater in the

vicinity of some buried impoundments. Despite

remediation, covered pits in other counties may still

be a source of contamination. Reports by the ISGS

(Hensel and McKenna 1989), the lEPA (1978, Piskin

et al. 1980), and the ENR (Sours et al. 1985) have

attempted to define environmental damage from
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leaking brine impoundments in Illinois.

Research Needs

More work is needed to document the use and poten-

tial consequences of impoundments in indusffies other

than oil and gas. The 1980 lEPA inventory docu-

mented incidents of groundwater pollution due to

industrial sources and one incident related to a mu-

nicipal impoundment. More documentation is needed

to determine how frequently pollution problems are

associated with impoundments.

Is the use of impoundments on the rise or decline?

Which industries should be regulated? What are the

types of waste streams going into impoundments in

Illinois? Collecting this information could be useful

for a study of risks to human health. The Congres-

sional Office of Technology Assessment suggests that

the research should be nationwide because no health

risk studies have been conducted by regulatory agen-

cies for nearly 15 years (OTA 1992).

The potential for negative health effects from waste

disposal in unlined impoundments is highly variable.

The number of people potentially impacted depends

on the proximity of the population to affected

aquifers and the extent to which they obtain their

drinking water from the affected aquifer. Most

mining, oil and gas, and agricultural waste

impoundments are located in remote areas, where it is

unlikely that large numbers of people would be

affected should wastes contaminate the groundwater.

By contrast, sewage and industrial impoundments are

commonly concentrated near highly populated areas,

where many people are likely to be affected should

wastes contaminate an aquifer being used by a

municipality.

The distribution of impoundments and any

environmental problems associated with them calls

for a statewide reassessment and recommendations

for action to prevent or alleviate contamination from

waste disposal into surface impoundments.
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Hazardous Waste Research and Information
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In 1972, Congress passed into law the Federal Water

Pollution Control Act, Amendments of 1972 as P.L.

92-500. Title II, Section 201, Subsection "d" of this

law charges the Administrator of the U.S.

Environmental Protection Agency (USEPA):

The Administrator shall encourage waste treatment

management which results in the construction of

revenue producing faciUties providing for:

1) The recycling of potential sewage pollutants

through the production of agriculture,

silviculture or aquaculture products, or any

combination thereof;

2) The confined and contained disposal of

pollutants not recycled;

3) The reclamation of wastewater; and

4) The ultimate disposal of sludge in a manner

that will not result in environmental hazards.

In response to the fourth charge, in 1973 the Illinois

Environmental Protection Agency (lEPA) commenced

an initial review of the available literature, ongoing

research, and federal regulatory efforts concerning

land application of sewage sludge and wastewaters on

agricultural land. This 1973 review considered soil

contaminalion and plant uptake of heavy metals,

inuoduction and environmental aanspon and fate of

pathogens, and odors (Schaeffer 1987, Personal

Communication). These preliminary data were the

basis for the formation in February 1974 of the

Illinois Advisory Commiilee on Sludge and

Wastewater Utilization on Agriculture Land

(lACSWUAL). The Committee's objectives were:

1) To make recommendations regarding

acceptable storage, transportation and

utilization of municip£il sludges and

wastewater for crop production on

agriculture land;

2) To explore the potential health hazards

associated with the storing, transporting and

utilization of sludges and wastewater from a

disease and heavy metal standpoint This

exploration shall include water, airborne and

food chain considerations;

3) To encourage the responsible use of land

application methods in the recovery of plant

nutrients from sludges and wastewater in a

manner that will not degrade the quality of

the environment and which is consistent with

the objectives of the Illinois Environmental

Protection Act and the Federal Water

Pollution Control Act of 1972;

4) To examine other feasible municipal sludge

and wastewater applications to land and to

develop application criteria.

Four subcommittees of the lACSWUAL considered

"Pathogens and Air and Waterbome Viruses", "Heavy

Metal and Plant Nutrient Loading Rates", "Odors",

and "Social and Aesthetic Concerns". The

Committee's pioneering report (lEPA, 1975)

considered the economics and sociology of agronomic

application of sludges, developed specific numerical

guidance on nutrient and heavy metal loading rates,

addressed the issue of viral and other pathogens, and

provided deregulation recommendations. This report

was the basis for lEPA's first regulations which are

codified at 7 lU. Reg. 16834, effective December 14,

1983, and are given in Title 35, Subtitle C, Part 391.

The regulations provide criteria for transporting,

storing and applying sludge on land in an

environmentally acceptable manner. The criteria

apply to municipal and private domestic sewage and

water treatment plants that land apply sludge for final

disposal. Land application is restricted to sludges

that have been determined to be nonhazardous and

non-toxic. Land application is permissible at

agronomic rates, i.e., at "an application rate of sludge

sufficient to supply that quantity of plant nutrients

that can reasonably be expected to be utilized by

agricultural crops" (§391.102) as determined accord-

ing to specific application design criteria (§391.401).

SLUDGE COMPOSITION

Table 15.1 summarizes the available data on metal
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concentrations in Illinois publicly owned treatment

works (POTW) sludge (except the Metropolitan

Water Reclamation District of Greater Chicago,

MWRDGC). The data are arranged in strata

according to the design capacity (in millions of

gallons per day, MOD) of the POTW and whether or

not the POTW has a pretreatment program. A
pollutant was considered "detected" when it was

present at a level above the analytical detection limit

(DL) for the particular laboratory carrying out the

analysis. A pollutant was "non-detectable" when its

concentration was at or below a laboratory's detection

limit; the table shows, for example, that different

laboratories have different DL's for the same

pollutant.

Table 15.1, part 1 shows that smaller POTWs tend to

have lower concentrations of metals in their sludges

than larger POTWs. This suggests that metals

including arsenic (As), cadmium (Cd), chromium

(Cr), mercury (Hg), molybdenum (Mo), nickel (Ni),

and zinc (Zn) come primarily from industrial sources

which are more likely to discharge into larger

systems. Some of the copper (Cu) and lead (Pb) in

wastewater comes from leaching of domestic

plumbing, and the remainder is from industrial

sources.

The Table 15.1, part 2 shows the metal concentrations

in sludges for POTWs with and without industrial

pretreatment programs. Industrial discharges are

usually to the larger plants, so it is reasonable that

pretreahnent programs are associated with larger

facilities. However, pretreated wastes still contain

some metals. Higher metal concentrations in sludges

generated in pretreatment communities can be

explained by assuming that metal concentrations in

wastewater from non-industrial sources are about the

same in both categories of POTWs but, even after

pretreaunent, indus&ial sources in heavily

industrialized cities with prelreaUnent programs

discharge wastewater with higher metal

concentrations than industrial sources in the smaller,

less industrial communities without pretreatment.

Differences in sludge metal concentrations may also

be related to possible skew in the data base toward

lower concentrations. This can occur because

POTWs without pretreatment programs which dispose

of their sludge in landfills are not required to file

sludge monitoring reports. To the extent POTWs
with relatively high levels of regulated metals chose

landfill disposal rather than land application, the data

base systematically excludes these sludges (John et

al.. 1992).

SLUDGE "USE" AND "DISPOSAL"

A distinction is made between "using" and

"disposing" of sludge. Sludge is "used" when it is

applied at rates to enhance the growth of crops,

grasses, trees or other vegetation. Sludge contains

nitrogen and phosphorus, the primary plant fertilizers,

and many of the metals contained in sludge (Table

15.1) are necessary -in small amounts- for plant

growth. By increasing the organic content of soil,

sludge also improves the soil's capacity to store and

hold available water, thereby increasing its potential

productivity and reducing its erosion potential.

Examples of sludge use are land application on

agricultural land, application on non-agricultural land,

land reclamation, and landscaping. Sludge is

"disposed" of when its nutrient values are not used.

Examples of disposal are landfiUing, incineration, and

long-term surface disposal in sludge lagoons.

The U.S. Environmental Protection Agency (USEPA)
considers five categories of sludge use or disposal,

other than disposal in municipal landfills: land

application, distribution and marketing, monofiUs,

surface disposal sites, and incineration. The final

rules issued by USEPA in the 19 February 1993

Federal Register (FR) apply to agricultural and non-

agricultural application of sludge. USEPA's new Part

503.13 Rules for land application establish numerical

limits for 10 heavy metals. USEPA deleted organic

"pollutants from the part 503 regulation after the part

503 risk assessment was completed" (EPA 1993, FR
9384). The rules also address management practices,

pathogen and vector attraction reduction, and

monitoring and reporting requirements. The State

and federal rules establish limits for concentrations in

the sludge, annual and cumulative amounts added to

the soil (see Table 15.2), and application procedures

designed to ensure the protection of public health.

The annual rates are expected to result in no

significant uptake into crops over 20 years of land

application.
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Table 15.1. Summary of available data on Metal concentration in Illinois POTW sludge'

Part 2. Effect of industrial pretreatment programs on sludge composition.

POTWs with Pretreatment Programs
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Table 15.2. Final USEPA and existing lEPA pollutant limits for agricultural land application.
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SLUDGE GENERATION, USE AND
DISPOSAL IN ILLINOIS

In July 1974, lEPA provided the following partial

results of its sludge disposal survey of POTWs. In

reference to Table 15.3, the report stales that "...the

sample is not entirely complete in that some regions

were only to report a portion of their plants."

Unfortunately, no additional information was

provided about which regions were, or were not,

included.

lEPA has maintained a simple database of municipal

sludge and wastewater application information for the

past few years, but it has not analyzed these data.

The following discussion is taken from two analyses

of municipal sludge prepared for ENR (Skelton,

1990; John, 1992). lEPA maintains land application

data for industrial wastes (such as cannery wastes) as

part of a facility's permit, but does not compile or

analyze these data. Some information about

industrial sludges is presented in other sections.

State and federal policies officially promote land

application, and it is the practice toward which

POTWs are moving. For example, dewatering of

sludges is required prior to landfilling and the state

has mandated increases in landfill "tipping" fees.

Nearly 80 percent of the POTWs in the state land

apply sludge. lEPA reported that, in 1989, 462

Illinois POTWs outside the MWRDGC transferred

178,529 metric tons of sewage sludge, of which

79,468 metric tons (45 percent) were landfilled. The

major "use" of sludge was application of 59,993

metric tons (34 percent) to agricultural land. 20,168

metric tons (11 percent) were put into storage

lagoons. The remaining 10 percent were used as

follows: 2 percent were put on dedicated land, 2

percent were used for land reclamation, 1 percent

went to horticulture, 2 percent were publicly

distributed, and 3 percent went to other purposes. In

comparison, the MWRDGC transferred 309,523

metric tons of sludge that same year, of which 48

percent went to land reclamation of a closure site, 40

percent was landfilled, 9 percent was used for

horticulture and 2 percent was publicly distributed.

These distributions of sludge are depicted in Figures

15.1 and 15.2.

Illinois has a large number of smaller POTWs and a

few large POTWs that produce much of the sludge

(Figures 15.3, 15.4). Of the 462 POTWs (excluding

the MWRDGC) in the 1989 lEPA report, 431 indi-

vidually produced less than 1,000 metric tons of

sludge and in total produced only 69,742 metric tons.

The other 31 POTWs that each produced more than

1,(XX) metric tons in total accounted for 108,787

metric tons, meaning that 7 percent of the POTWs
produced 61 percent of the sludge. Only 63 POTWs
landfilled all or part of their sludge in 1989 (Figure

15.5). Landfilling accounted for 45 percent of the

sludge produced and tended to be concentrated in a

relatively few urban areas of the State. Illinois

sludge use and disposal practices are thus

characterized by a large number of smaller POTWs
that typically apply their sludges to agricultural land

(Figure 15.6) and a few larger POTWs that typically

dispose their sludges by landfilling and lagoon

storage. Some larger POTWs are shifting to

application of their sludges to agricultural land: more

than 12 percent of the sludge that was landfilled in

1989 was appUed to land in 1991. There is almost

no shift away from land appUcation, and Illinois

landfill regulations that went into effect in 1989 will

discourage landfilling and will encourage land

application.

The amount of land required for application of sludge

is not large relative to the farmland available in the

State. Based on the average plant available nitrogen

in Illinois sludge and the average com yield in the

State, it would require 123,000 acres of land, or 0.5

percent of the more than 24.7 million acres of crop

land in Illinois, to apply all of the wastewater sludge

produced in the State including the sludge produced

by the MWRDGC. It is only in the Chicago urban

area where land availability is a problem. However,

the annual rhythm of agricultural activity, the

weather, demographics and urban development all

contribute to reducing the amount of sludge that is

applied to agricultural land.

The basic difference between sludge production and

agricultural activity that has to be bridged to readily

allow application of sludge to agricultural land is that

sludge is produced every day at the treatment plant

while it can be applied to land only in so far as it fits

into the agricultural cycle of planting, cultivating,

growing and harvesting. That difference drives many
of the costs associated with land application and for

some POTWs rules out land application as a

management option. From the farmer's perspective,

the two-year value of the nitrogen and phosphorus in

the average sludge applied at the agronomic rate for

com is $41 per acre. Other readily monetized

benefits to the farmer of sludge application (e.g.,

limestone application, soil testing, incorporation that

takes the place of plowing) bring the total monetized

benefit of sludge application to the farmer to S74 per
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Table 15.3. Partial results of lEPA's 1974 sludge disposal survey.

Approximate Number in State
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Q
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1-25

26 - 50

51 - 200

201 - 1000

1001 - 5000

5001 - 10000

> 10000

Notes:

MWRDGC plants not included

-

Symbols indicate plant location,
not xise/disposal site location.

Source: lEPA

Figure 15.5. Landfill disposal of Illinois POTW sludge.
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Notes:

MWRDGC plants not Included.

Symbols Indicate plant location,
not \ise/disposal site location.

Source: lEPA

Figure 15.6. Agricultural land application of lllinlos POTW sludge.
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Table 15.4. Costs (1991) for transporting liquid sludge at 3 and 6 percent

solids and dewatered sludge at 20 percent solids for landfilling.

DisUnce

Miles



cadmium, chromium, copper, lead, and zinc have

declined since 1978. The similarity in the rates of

decline (as determined by the slopes of the lines)

implies basic changes in the composition of the raw

wastes, and provides evidence of the effectiveness of

MWRDG's industrial pretreaunent programs.
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WELLS
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The Safe Drinking Water Act (SDWA) was adopted

by Congress in 1974 for the purpose of ensuring that

public water supply systems meet minimum national

water quality standards (DiNovo and Jaffe 1984).

Not only did this legislation establish drinking water

quality standards, it also provided for the Under-

ground Injection Control (UIC). The objective of this

program is to protect underground sources of drinking

water from possible contamination by the under-

ground injection of wastes (Burch et al. 1987). The

State of Illinois received primacy for the UIC pro-

gram in February 1984. As of mid-1993, however,

the Illinois Environment Protection Agency (EPA)

was considering returning primacy for part of the

UIC program (Class I and Class V wells) to the U.S.

Environment Protection Agency (USEPA). The

USEPA will determine whether or not to accept

primacy for the Illinois UIC program in early 1994.

Underground injection is defined as the controlled

subsurface emplacement of fluids into select, buried

geologic formations. Fluid is injected through a

bored, drilled, or driven well, or through a dug well

in which the depth is greater than the largest surface

dimension (modified from Illinois Admin. Code 35,

Part 730.103).

The technology for underground injection was devel-

oped and used by the oil and gas industry in the

1930s. The practice of injecting fluids underground

has become an important part of oil-producing

operations. Fluid is injected into underground

formations for two reasons: to dispose of waste water

produced along with oil, and to recover more oil from

a producing formation (API 1954).

The concept of disposing of industrial wastes in this

manner was first put forward in the 1950s, but it was

not attempted in Illinois until 1965 (Brower et al.

1989). As disposal of wastes into surface waters and

on land became more restricted (after the enactment

of federal and state environmental laws), underground

injection of liquid wastes gradually increased. The

SDWA resulted in scrutiny of underground injection,

just as the adoption of the Resource Conservation and

Recovery Act (RCRA) focused attention on the dis-

posal of hazardous waste. In Illinois, the number of

wells for injecting hazardous waste has decreased

since the RCRA was enacted in November 1980 and

Illinois received primacy in 1984.

Five broad classes of injection wells are recognized

by the USEPA and regulated by the UIC program:

Class I wells are used to dispose of hazardous and

nonhazardous industrial and municipal waste be-

low the lowest underground source of drinking

water (USDW). (Note: a USDW can be an

aquifer, part of an aquifer, or zone of aquifers

containing enough groundwater to supply a public

water system, or containing groundwater with less

than 10,0(X) mg/L total dissolved solids. A
USDW is not an equivalent term for an aquifer,

but one must have an aquifer to have a USDW.)

Class 11 wells are used to dispose of wastes associated

with the oil and gas industry.

Class III wells involve injection with solution mining

or in situ gasification of oil shale and coal, and

the recovery of geothermal energy.

Class rv wells have been banned in the United States

because they involve injection of hazardous waste

into or above a USDW.
Class V wells are defined as all other nonhazardous

injection not covered by the first four. In Illinois,

these are commonly used to dispose of

stormwater runoff, sewage, and heat pump

effluent.

Waste injection wells in Illinois are all in classes I,

II, and V. There are no Class III wells in Ilhnois,

and Class IV wellsare prohibited.

UNDERGROUND INJECTION: CLASS I

WELLS

Six Class I injection wells, including one operational

standby well, are operating at five industrial sites in

Illinois. These deep injection wells range in depth

from 2,737 feet to 5,524 feet (lEPA, personal

communication 1993).

The first industrial disposal well in Illinois was con-

structed in 1965, and plugged and abandoned in 1989.

By 1976, all existing deep injection wells had been

constructed. The life expectancy of a property

managed deep injection well is approximately 20

years. The lEPA is currently reviewing an
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application for a replacement well for an industrial

disposal well constructed in 1966 (EPA, personal

communication 1993).

Class I wells in Illinois are used to dispose of more

than 300 million gallons of industrial waste per year

(Brower 1989). The waste streams, classified as both

hazardous and nonhazardous, are largely water

(70-95% of the total waste volume). Acids (HCl,

H2SO4 and HF) used in industrial processes are the

most common constituents of the waste streams.

Other significant constituents include caustic soda,

pesticides, fluoride, mercury, arsenic, vanadium and

chromium compounds, and chlorinated hydrocarbons.

The feasibility of the deep well injection system

depends primarily on the geologic environment be-

neath the disposal site. At each well site the geologic

environment consists of a permeable injection zone to

hold the waste; thick, impermeable rock layers

(confining layers) above and below the injection

zone; and some sequence of rock units between the

upper confining interval and the underground source

of drinking water (USDW).

In Illinois, porous and permeable dolomite and

limestone formations are used as injection zones for

five of the wells, and a thick sandstone formation is

used for the sixth. According to UIC regulations.

Class I well operators must provide the USEPA with

a petition that documents the capability of the confin-

ing layer to prevent migration of wastes for 10,000

years. It is known as a "Land Ban Petition." All

petitions submitted from Illinois have been accepted

(lEPA, personal communication 1993). Regulations

also mandate that the total dissolved solids content of

any groundwater in a formation to be used for Class I

disposal must be more than 10,(XX) mg/L. Ground-

water containing less than 10,000 mg/L is reserved as

a potential underground source of drinking water.

The regional geology of Illinois is characterized by

widespread distribution of numerous rock units

deposited in a broad depositional basin. Selected

limestone, dolomite, and sandstone formations lie

below all underground sources of drinking water

across the central two-thirds of the state and meet the

other regulatory requirements for disposal of

industrial wastes in Class I wells. Figure 16.1 is a

map view of the uppermost geologic units that

contain potential disposal zones. The accompanying

north-south profile view shows the subsurface

relationships of these units.

The Environmental Risks of Waste Disposal

A fundamental requirement for every Class I disposal

system is long term confinement of waste in the

disposal zone. Any injected waste or formation water

pushed out of the disposal zone by the injection

pressure gradient buildup represents a potential risk to

overlying USDWs. The degree of risk associated

with the potential loss of confinement integrity can be

assessed by evaluating (1) the features in the geologic

environment that could act as avenues of escape for

injection zone fluids, and (2) the nature of the flow

system. Escape routes include faults, joints, and frac-

tures transecting the primary confining interval; im-

properly plugged wells penetrating the rocks used for

disposal; poor annular cement in the disposal well;

fracturing induced by excessive injection pressure;

and excessive lateral migration of low-density waste

from disposal sites adjacent to the fresh water/brine

boundary.

If a chemical reaction leads to reduced injection

potential in the disposal zone, an increase in injection

pressure will be required to maintain flow rate.

Elevated injection pressures are permissible up to the

limit fixed in the permit; however, as the pressure in

the injection zone increases, a larger driving force

(hydraulic gradient) is exerted across the confining

units. Although the permit allows injection at pres-

sures up to the maximum limit, the opportunity for

loss of fluid through the confining unit increases as

the injection pressure in the injection zone increases.

Blow-outs from the production of a gas phase must

be avoided. Gas that rises into the tubing of the well

and displaces the fluid column may place excess

pressure on the upper portion of the well, possibly

causing a blow-out. Proper management can avoid

this.

Acid waste injected into carbonate disposal zones

could, after a considerable period of time, dissolve

enough rock in the disposal zone to cause subsidence

at the base of the overlying confining unit. An eval-

uation of this situation should be undertaken to deter-

mine the pattern of solution development, the amount

of solution required before subsidence begins, and the

maximum allowable subsidence permitted before

confining unit integrity is placed at a significant level

of risk.

Seismicity represents an unknown factor in deep well

disposal that must be given careful consideration.

The potential magnitude of seismic events can be

186



UNDERGROUND INJECTION WELLS
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VI Disposal not feasible Basal Sandstone lacks confining bed

Figure 16.1 Uppermost geologic units that have contained disposal zones and the sut>surface relationships of these

units.
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estimated with reasonable accuracy from historical

records and from an evaluation of the shallow and

deep geologic environments. Well design should take

into consideration factors that will allow a well to be

capable of maintaining integrity during a design

earthquake (the type of earthquake used as a basis for

anticipating and solving practical problems).

Current Status and the Environmental

Implications

The lEPA considers underground injection a disposal

option of last resort—to be used only when (1) the

typical disposal options of waste reduction, recycling,

and other treatments are not feasible, and (2) the

geologic environment beneath the proposed disposal

site meets established regulatory requirements.

Assessment of the feasibility of deep well disposal in-

cludes technical considerations as well as

environmental, social, and economic impacts.

The practice of deep underground disposal of indus-

trial waste was reviewed in 1989 by Illinois State

agencies in response to state and federal legislation.

The study found some shortcomings and the UIC
regulations for Illinois were amended in 1990 to

impose stricter operating, testing and monitoring

standards. The current status of Class I injection and

its environmental implications are reviewed below.

Geologic formations currently being used for deep

well disposal at five Illinois sites appear to be

adequate to confine the injected volumes for the life-

time of the well (about 20 years). Four wells inject

waste into the Eminence, Potosi, and Franconia

dolomites; one injects into the Mt. Simon Sandstone.

The remaining deep well injects a small volume of

waste (less than 50 gallons per day) into Devonian-

age limestones.

Injection pressures used at the wells are considerably

lower than the limit at which fractures might begin to

develop in the strata used for injection. Regulations

requiring continuous monitoring of annular and

injection pressures are strictly enforced because as-

sessment of these two parameters is one method to

evaluate the performance of an injection well.

Pressure build-up and fall-off tests, which also indica-

te well performance, are also required for Class I

wells in Illinois. Pressure build-up in an injection

zone is greatest adjacent to the well bore and decreas-

es to nearly zero at a considerable radial distance

from the operating well. This pressure build-up tends

to increase with continued use of the well; and after a

time, an area in which the pressure buildup is large

enough to produce an upward hydraulic gradient

develops around the well. Currently available testing,

monitoring and data analysis can be used to estimate

the general pattern of this area and the capacity of the

overlying primary confinement interval to retain the

waste affected by this upward gradient. However,

these data cannot be used to determine the specific

location and hydraulic character of each potential

fracture present in the confinement interval or to

verify detailed aspects of waste and pressure distribu-

tions in the disposal zone or its primary confinement

intervals. Artificial fracturing of the disposal zone is

not permitted during disposal well construction,

testing, and operation.

Current operating, testing, monitoring, and reporting

regulations require that the injected fiuid be analyzed

with sufficient frequency to yield characteristic data.

The waste stream or its anticipated reaction products

must not react with the confining or injection zones

so as to alter the permeability, thickness, or other

relevant characteristics of the zone. The waste

streams at six disposal sites are relatively stable in

composition and volume and have not, for the most

part, interacted adversely with fluid or rocks of the

disposal zone to reduce or limit significantly the ca-

pacity of the disposal zone to accept the injected

waste stream. According to Brower (1989), some

minor and a few major problems have been reported

with injected waste disposal/formation interactions.

In each case, however, the affected well was repaired

or restored to comply with the regulations then in

effect, and no contamination of any underground

source of drinking water was detected. Some chemi-

cal and physical changes in waste components are

expected to occur after the waste is injected into a

disposal formation, but these changes cannot be

directly evaluated with current monitoring procedures.

Modeling of predicted reaction paths is not required

but some work has shown the feasibility of

determining the fate of injects (Roy et al. 1988).

One monitoring well is currently associated with a

deep injection site in Illinois. It will be used to

detect leakage through the confining bed overlying a

specific disposal formation. This monitoring well

was completed in 1992 (lEPA, jjersonal communica-

tion 1993). Monitoring can best be done in a saline

aquifer (not a USDW) above the primary confining

bed, where any waste passing through the confining

bed can be detected. Direct monitoring through wells

into the disposal zone is not advisable because each

monitoring well completed in the injection zone

provides a potential pathway for escape of the
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injected waste (Brower et al. 1989).

Huid movement rates in deep subsurface environ-

ments range from much less than a few inches per

year under natural groundwater flow conditions to

much higher rates where injection occurs. During

injection, the rate of movement is higher next to the

well bore and decreases radially away from the well;

the highest rates occur in the most permeable zones

and adjacent to the well bore. Conditions in the

disposal zone rock affect both the rate and pattern of

this flow. A general picture of the flow charac-

teristics and the radial uniformity of geologic condi-

tions in the disposal zone can be obtained by evaluat-

ing monitoring and testing data. However, specific

detailed information for these parameters is generally

not available beyond the immediate vicinity of the

well bore (Brower et al. 1989).

The operator is responsible for testing and must

report quarterly to the lEPA. Recent changes and

amendments to regulations controlling waste

generation, storage, and disposal have encouraged

existing Class I operators to continually review and,

in some cases, implement changes in their UlC
management practices. There is a trend toward

reducing or eliminating hazardous waste components

in injected waste streams and to reduce waste volume

where possible.

UNDERGROUND INJECTION: CLASS U
WELLS

When hydrocarbons are produced from subsurface

reservoir rocks, varying amounts of water accompany

the oil or gas to the surface. This fluid is known as

produced water (API 1989). Produced waters are

mixtures of the naturally occurring water in the geo-

logic formation being drilled, naturally derived dis-

solved constituents (such as minerals and trace

elements), and chemicals added for treatment (OTA
1992). Gas, oil, and saline water (brine) are trapped

in porous, permeable rocks deep below the surface.

Because gas has the least density, it fills the pores

near the top of a trap. Oil is found just below the

gas, and the typically denser, saline water occurs

below the oil and gas. As the oil, gas, and brine are

closely associated, all three are produced at some

point during the lifetime of the well. The produced

water is separated from the oil and must be disposed

of or used in some environmentally acceptable

manner.

Since the 1940s, produced water has been reinjected

into the ground for waste disposal and secondary oil

recovery or waterflooding (API 1954, OTA 1992).

Waterflooding is the reinjection of produced water

into the reservoir to force remaining hydrocarbons to

migrate toward adjacent production wells. The

USEPA has determined that produced water used for

waterflooding is not a waste, but is beneficially recy-

cled (API 1989). However, the sites where fluid is

injected, either for waste disposal or waterflooding,

are subject to UIC regulations (API 1989). In 1990,

approximately 13,000 of these Class II injection wells

(Figure 16.2) were documented in Illinois (IDMM 19-

90).

The environmental risks of reinjection are basically

the same, whether for enhanced recovery or for waste

disposal purposes. Produced waters may be

reinjected with or without treatment. Steps generally

taken before wastes are reinjected into wells include

(1) separation of free oil from produced waters, (2)

storage of wastes in tanks, (3) filtration, and (4)

chemical treatment (OTA 1992). When destined for

disposal, produced waters are injected into deeper

saltwater-bearing formations, the original reservoir, or

a deeper, depleted reservoir.

Injection activities at active Class II wells are regu-

lated, under the SDWA UIC program for oilfield-

related fluids, by the Illinois Department of Mines

and Minerals (IDMM) with some supervision by the

lEPA and assistance from the Interstate Oil and Gas

Compact Commission (lOGCC). (The lOGCC is an

organization of the governors of 29 states producing

oil and gas and has been assisting in developing state

regulatory programs since 1935). Prior to 1984 and

the Safe Drinking Water Act, no program or

regulations existed to manage or monitor Class II

injection. The IDMM began to organize the

regulation of Class II wells in 1987 as a response to

primacy granted by the U.S. Environmental Protection

Agency. This UIC Class II program is now fully

operational and regulates only the injection of fluids

related to oil and gas production and hydrocarbon

storage. These include produced waters and fluids

used for secondary recovery as well as for disposal of

brines.

The UIC program stipulates that regulation of Class

II wells should not impede oil and gas production

unless necessary to prevent cndangermeni of under-

ground sources of drinking water. It further stipulates

that this injection must take place below all

formations containing an underground source of

drinking water. The UIC regulations also require that
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Class II Injection Wells

Figure 16^

Class II Injection well locations in Illinois.

Not all wells are currently In use. Ljocations from
ISGS Wells Database, 1993.
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periodic tests (every 5 years minimally) be conducted

on the mechanical integrity of the wells (pressure

test) and that a 1/4-mile radius around the well be

reviewed for potential migration of injected fluids or

brines from die site (IDMM 1993, OTA 1992, API

1989).

The Environmental Risks of Waste Disposal

Oil and gas operations should not put any

environment of Illinois seriously at risk. Disposal of

waste byproducts from oil and gas recovery opera-

tions are controlled by environmental regulations.

Under these regulations, which provide for the man-

agement and disposal of wastes related to oil and gas

production, the well operator is responsible and liable

for protection of human health and the environment

from harmful waste management practices and dis-

charges. The regulations include the (1) Resource

Conservation and Recovery Act (RCRA); (2) Safe

Drinking Water Act (SDWA); (3) Clean Water Act

(CWA); (4) Comprehensive Environmental Response,

Compensation and Liability Act (CERCLA); (5)

Clean Air Act (CAA); and (6) other state-specific

regulations (API 1989). In Illinois, oil and gas

exploration and production are regulated by the

IDMM under Illinois Admin. Code 62, Part 240: the

Illinois Oil and Gas Act.

In the past, oil and gas exploration and extraction

procedures have locally degraded soil and water

resources, and harmed wildlife in Illinois. According

to the USEPA and the Office of Technical Assess-

ment, injection wells have caused (1) groundwater

degradation from improperly functioning injection

wells; (2) damage to agricultural land, crops, streams,

aquatic life, and other resources from produced water

and drilling fluids; and (3) salt damage to

groundwater, agricultural land, and domestic and

irrigation water as natural brines seep from improp-

erly plugged or unplugged abandoned wells (OTA
1992).

Preventing contamination of soil, vegetation, surface

water, and potable groundwater is a primary goal

during the operation of an injection well (Collins

1971, Hensel and McKenna 1989, API 1989, OTA
1992). The injected fluid must be confined within

the injection zone. Class II injection wells are now

designed to safeguard agricultural soils and surface

water from well failure, which can occur in several

ways. The older injection wells and associated pipe-

lines used for disposal of oil and gas production

wastes may be at high risk of failure and require in-

creasing maintenance to avoid problems. Well fail-

ures also can occur because of design and con-

struction problems, excessive injection pressures, and

the coaosivity of the injected fluid.

Produced waters are generally highly corrosive be-

cause they contain many dissolved ions. Corrosion of

the casing and well head through lime can weaken

the wells. IDMM regulations require setting of an

external surface casing through the zone of freshwa-

ter-bearing subsurface formadons to protect them

from invasion by brines and hydrocarbons. If the

internal casing that carries the brine in these disposal

wells should leak, the brine can not threaten the

subsurface freshwater environment. Corrosion of the

pipelines that connect the production and injection

wells can allow leakage. These leaks, which spill

brine directly onto the surface, kill vegetation and

contaminate soil. Operators may be able to remediate

affected areas, should such spills take place.

Problems can also be caused by sediments or

precipitates formed from brines that plug the geologic

formation being used for disposal and force the use

of higher injection pressures, which may rupture the

input system (Collins 1971). The disposal formation

can also become plugged through mixing of incom-

patible brines, if the geology of the formation into

which the brine is being pumped is not clearly

understood. If dissimilar incompatible brines are

mixed through previously unpredicted pathways, such

as fauldng or fracturing, a precipitate may form.

This precipitate can filter out on the face of the in-

jection formation and reduce its permeability, causing

problems that may lead to adverse environmental

impacts (Collins 1971).

The environmental risk associated with the potential

loss of confinement integrity may be assessed by

determining whether any geologic features, such as

fracturing, could allow migration of highly saline

water. Monitored, regulated injection pressures are

likely to pose only a minimal risk of fracturing. Un-

plugged or improperly plugged inactive or abandoned

wells cannot be overlooked, as they may provide an

route for injected fluids (IDMM 1990, OTA 1992).

The potential for brine to escape dirough these wells

is important to assess before injection of wastes.

Current Status and the Environmental

Implications

Amount of Waste Generated The amount of fluids

generated by oil and gas exploration and production
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depends on the level of industrial activity and the

recovery stage of the oil reservoirs (USEPA 1987).

In Illinois, there is no requirement to document how

much waste is generated by exploration and

production activities, so no data are available. But in

1985, according to American Petroleum Institute and

USEPA estimates, approximately 1.2 billion barrels

of produced water and more than 2.5 million barrels

of drilling waste were produced and disposed of

(OTA 1992). During the same year, 1,067 Class II

permits were issued in Illinois.

From 1985 to 1990, the number of Class II permits

declined to 233; however, the decline does not indi-

cate a reduction in the production and injection of

produced water. The quantity of water produced is

dependent upon the method of recovery, the nature of

the oil-producing formation, and the length of time

the field has been producing. Generally, the ratio of

produced water to oil or gas increases as the reservoir

is depleted. In 1957, for example, an estimated 181

million barrels of water was produced along with 82

million barrels of oil (a ratio of 2.2:1); but by 1985,

an estimated 1 .2 billion barrels of water was

produced along with 30 million barrels of oil (a ratio

of 40:1).

Handling the tremendous volume of brine produced

simultaneously with petroleum is potentially hazard-

ous. Basically, the problem is to handle and dispose

of the brine in such a manner that it does not contact

soil or fresh water. Subsurface disposal of this brine

and other oil and gas related waste into Class II wells

has been on the increase since the early 1970s. In

IlUnois, the current practice is to reinject brine.

Regulations Pertaining to Operation Concerns

have been raised at the national level about the

effectiveness of injection regulations. Consequently,

the federal EPA continues to evaluate the UIC Class

II program. A recent USEPA evaluation indicated a

need for (1) further study of risks associated with

abandoned oil and gas wells; (2) additional evaluation

of state "area of review" (1/4-mile radius) programs

for existing wells; and (3) possible changes in Class

II well construction requirements (USEPA 1987).

In 1991, Illinois responded by adopting new rules on

Class II injection well construction and operation.

Temporary abandonment rules, effective since

January 1991, have established a review process for

production and Class II wells. The process is

intended to ensure that wells left unplugged for

purposes of enhanced oil recovery at son^e future date

are adequately monitored to protect freshwater zones.

Before injection begins, operators are required to

sample two or more freshwater wells within 1 mile of

the injection site and record water quality parameters

for the purpose of establishing base line data.

Measurements in just two wells within 1 mile are not

adequate, however, to chaiacterize the hydrogeologic

environment. Because no further monitoring is

required by law, the first indication of an improperly

functioning injection well may be detectable

contamination in a local water well. But by then, the

amount of contamination may be considerable.

Known Environmental Impacts In 1989, the U.S.

General Accounting Office issued the report, "Drink-

ing Water: Safeguards Are Not Preventing Contami-

nation from Injected Oil and Gas Wastes," in which

they documented causes and consequences of

contamination from reinjecting fluids into subsurface

rock formations throughout the nation. A few in-

stances of saltwater contamination of aquifers from

existing and abandoned Class II wells have been

documented in Illinois (Ford et al. 1981), although no

comprehensive report is available. According to the

IDMM, the most severe cases of drinking water con-

tamination reported in association with Class II wells

occurred prior to implementation of the USEPA's

UIC Class II well regulations. Since the imple-

mentation of UIC and the establishment of en-

forcement rules by IDMM, incidents have been mini-

mized and the reported damage to soil and ground-

water has been minimal (L. Bengal, IDMM, personal

communication 1993). In field interviews conducted

by the Illinois Department of Energy and Natural Re-

sources (Sours et al. 1985), however, individuals

admitted being aware of obvious violations, such as

trucks emptying brine into local fields or streams.

But they did not (or would not) report the incidents to

proper authorities.

IDMM field inspectors issued 373 Notices of

Violation related to field operations in 1990.

Violations in firewall maintenance, well operations,

general lease conditions, and equipment leaks as well

as cases of illegal brine disposal (IDMM 1990) were

cited. When confronted, operators have been quick to

correct the conditions leading to a violation, so few

civil penalties have been assessed. The IDMM takes

the position that, as the oil industry becomes more

familiar with the new regulations, it will deal with

potential violations independently and responsibly.

Research Needs The full extent of damage from

injection well failure is unknown. According to ISGS

studies, more research is needed on (1) the potential

for brine leakage from injection or disposal wells, and
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(2) the upward migration of wastes through aban-

doned and unsealed boreholes. An inventory of

reported cases of contamination, the first step in a

study, could be followed by an assessment of possible

techniques to detect contamination (Hensel and

McKenna 1989).

UNDERGROUND INJECTION: CLASS V
WELLS

On a national scale, many types of Class V wells are

used to inject a variety of fluids into the subsurface.

Most Class V wells are used for disposal. Class V
injection does not include hazardous waste, but does

involve injection into, above, or between underground

sources of drinking water. There are 32 Class V
injection practices recognized by the USEPA and

summarized into eight well type categories (Table

16.1). According to the Ground Water Protection

Council (formerly Underground Injection Practices

Council or UIPC), these wells range in complexity

from simple cesspools to sophisticated geothermal

reinjection wells; thus they can be divided into "high-

tech" and "low-tech" wells. High-tech wells typically

have multiple casing strings and sophisticated

wellhead equipment to control and measure pressure

and inject high volumes of fluid into deeper

formations. Low-tech wells generally have simple

casing and surface equipment to inject into shallow

formations by gravity flow or low volume pumps

(UIPC 1987).

Almost 2,000 Class V wells were inventoried in 1987

in Illinois (Burch et al. 1987). The common well

types include aquifer remediation wells; waste

disposal wells; stormwater drainage wells; air condi-

tioning/cooling water return flow wells; auto service

station disposal wells; industrial process water and

waste disposal wells; and agricultural drainage wells.

The lEPA suggests that the number of Class V wells

in Illinois may be much higher, as not all operators

are aware of the reporting requirements (lEPA,

personal communication 1993). Drainage and

sewage-related wells make up the majority of Class V
wells in Illinois (Underground Injection Practices

Council 1987).

The Environmental Risks of Waste Disposal

The USEPA Office of Drinking Water and the

Groundwater Protection Council suggests that the

main risk of Class V injection is the potential to

contaminate underground sources of drinking water

(USDW). The potential for contamination depends

on the proximity of the injection well to the aquifer;

well construction, design, and operation; the nature of

the contaminant in the waste stream, and the amount

of waste injected.

Injection via Class V wells is largely into or above

the underground source of drinking water (USDW),

which is defined as an aquifer that (1) supplies any

public water system or contains a sufficient

groundwater to supply a public water system; (2)

contains less than 10,000 mg/L total dissolved solids;

and (3) is not an exempted aquifer (35 lAC 730. 103).

Wells injecting below the lowermost USDW have the

least potential for contaminating groundwater.

Injection above the aquifer may allow the contami-

nants to be attenuated or adsorbed, or give them time

to degrade in the unsaturated zone. Injection directly

into an aquifer will certainly contaminate it (UIPC

1987). Illinois regulations require that injection be

above or below the aquifer.

Contamination from Class V wells can result from

large-scale events, such as a rain storm hitting farm

land just after the application of pesticides so the run-

off carries the chemicals into agricultural drainage

wells. It can also arise from site-specific events, such

as the disposal of household chemicals into a septic

system. According to the Groundwater Protection

Council, each disposal practice found in Illinois has

the potential to contaminate groundwater. This

potential for a few well types is summarized below.

Industrial/Commercial/Utility Disposal Wells

Cooling water return flow wells are used to inject

water that has been used in a cooling process (both

open and closed loop systems). A low to moderate

potential for contamination due to anti-sealing

additives is likely to be compounded by thermal

pollution. Also, there is the potential for industrial

spills to reach groundwater. Industrial process water

and waste disposal wells have a high potential for

contamination because they are used to dispose of a

wide variety of wastes and wastewaters from

indusu^ial, commercial, or utility processes. Refiner-

ies, chemical plants, smelters, pharmaceutical plants,

laundromats, and dry cleaners are some of the

businesses and indusuies using these wells. Potential

contaminants include fluids discarded by indusu-y,

suspended solids, high pH waters, sulfate, and volatile

organic compounds. Automobile service station

disposal wells receive wastes from repair bays con-

nected to disposal wells; these wells have a high

potential for contamination from heavy metals,
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Table 16.1. Class V Wells

1 . Mineral and Fossil Fuel Recovery

Related WeUs
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Current Status and the Environmental

Implications

The large number of Class V wells injecting a wide

variety of contaminants may pose a threat to ground-

water in Illinois. The Groundwater Protection Coun-

cil suggests some types of Class V wells may require

stricter regulation than those currently in place.

Current Illinois regulations prohibit construction and

waste injection into Class V wells without a permit.

A standard permit application procedure is used for

all UIC wells, but noticeably few criteria and

standards in Illinois Admin Code 35 apply

specifically to Class V injection wells. It should be

noted that the lEPA is returning primacy for this

program to the USEPA because the Class V injection

program has diverse regulatory needs and is expen-

sive to administer.According to the USEPA Region 5

office, the approach to regulation of these wastes will

change from current practice; the new focus will be

on waste type, not well type. New regulations are

being written in Washington. The USEPA will de-

velop an outreach program to educate industry about

these new regulations and ways to meet them. The

proposed program will be implemented slowly to give

small industry time to comply (C. Anderson, USEPA,

personal communication 1993).

As the lEPA and USEPA suggest, the threat from

underground injection through Class V wells can be

minimized by reduction of waste, recycling, and other

good waste disposal practices. Educating well oper-

ators and the public is also important. Contamination

from disposal into individual septic systems, service

station disposal wells, and nonhazardous industrial

wells, might be avoided if operators know the risks of

improper disposal.

Research Needs The first step toward responsible

waste management might be to compile an inventory

of all Class V wells in the state or, as proposed by

USEPA, only those prone to receiving undesirable

types of waste. Currently, wells are entered into the

inventory only if a permit is applied for. The lEPA

is not actively looking for culpable operators of

noninventoried wells, unless a complaint is filed and

the well requires remedial action.
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WASTE TREATMENT

Although pollution prevention and waste

minimization are emerging as the preferred goals in

solving waste management concerns, most industries

will still create wastes that require treatment to

destroy or reduce their harmful effects on the

environment. There are numerous treatment

techniques for hazardous and nonhazardous wastes.

Many of these techniques are widely used and have

gained broad acceptance from government, industry

and the public. Combinations of different

technologies can be utilized to devise the most cost-

effective and environmentally responsible solutions to

waste management problems. With careful

engineering, integrating treatment technologies

directly into the industrial process can also provide a

means of minimizing waste (Wentz, 1989).

Reporting requirements for RCRA Subtitle C wastes

provide a good basis for determining trends in the

types and quantities of hazardous waste treated in

Illinois. Beginning in 1983, when state regulations

began requiring owners and operators of hazardous

waste treatment, storage and disposal facilities

(TSDFs) to report the types and quantities of wastes

they treated, the State got its first good look at the

role of treatment in hazardous waste management

practices. Figure 17.1 presents generalized treatment

and recovery data collected from annual hazardous

waste reports for 1982-1990. Note that the 1990

treatment figure does not include the

disproportionately large contribution made by oil

refinery wastes that were, up until 1990, not classified

as hazardous waste. When the 4,298,160 tons of oil

refinery waste are added to the previous 1990 figure,

the total for 1990 hits 5,080,644 tons, a 541%

increase over 1989 (lEPA/LPC/92-052, 1992).

Classification of treatment and recovery techniques in

Figure 17.1 is not specific and changed from year to

year. 1982-1984 data were classified under

"treatment" only; 1985-1988 data included "treatment

and recycling"; 1989-1990 data were reported as

"treaunent and recovery". As reporting requirements

changed over the years, treatment data have become

more detailed and complete by including more

specific categories: metals recovery, solvent

recovery, other recovery, aqueous inorganic treatment,

aqueous organic U'eatment, other treaunent, sludge

treatment and stabilization. This list excludes

incineration, energy recovery (fuel blending), land

treaunent, landfills, deep well injection, storage,

transfer station and disposal. A detailed

characterization of the treatment and recovery

techniques used in Illinois for hazardous waste was

presented in the 1986 TSDR survey compiled by the

Research Triangle Institute (RTI).

Treatment and Recovery of Hazardous Waste in

Illinois 1982-1990
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Figure 17.1

Metals recovery in Illinois commonly includes silver

from photographic laboratory waste; lead from

various sources (e.g., batteries); chromium and nickel

from plating bath waste; and gold and platinum from
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laboratories and precious-metal working shops (RTI,

1986). The types of metal recovery processes used

and the number of facilities in Illinois during 1986

are listed in Table 17.1.

Table 17.1. Metals Recovery for Reuse In Illinois

Table 17.2. Solvent and Liquid Organic Recovery for

Reuse

Total quantity of hazardous waste managed:
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Table 17.3. Aqueous Inorganic/Organic Treatment Table 17.4. Solidification/Stabilization

Total quantity of hazardous waste managed:
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Table 17.5. Best Demonstrated Available Technologies

(BDATs) for Hazardous Waste

1. Aerobic Biological

Treatment
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size, density, solubility and boiling point of the

components in the waste stream to facilitate

separation. The requirements for the treated effluent

are an important criteria in the selection of the most

cost-effective method (Wentz, 1983).

Thermal Treatment

Thermal destruction of hazardous wastes can be

effectively accomplished through incineration.

Incineration is the controlled burning of waste at

temperatures high enough to oxidize organic

compounds to produce carbon dioxide and water.

Additional inorganic substances are also produced in

the incineration process, such as acids, salts, metallic

compounds and ash. To effectively use incineration

to destroy hazardous wastes requires a thorough

understanding of the chemistry and design behind the

process. The degree of destruction depends on

turbulence, temperature and time in the combustion

chamber, so operating conditions must be selected

carefully. The rate of destruction and removal

efficiency are determined during a test bum by

monitoring exhaust gases and ash content (Wentz,

1989).

Biological Treatment

Biological treatment can be an efficient, cost-effective

means to remove hazardous constituents from

contaminated wastewater and groundwater, landfill

leachate and contaminated soil. Microorganisms are

used to feed on the waste and biodegrade the

hazardous components. Many people think that

hazardous waste would be toxic and deadly to

microorganisms, and for certain microorganisms this

is true. However, what may be toxic to one group of

organisms could be a valuable food source for

another microbial strain. Biological treatment

systems are designed by selecting the proper

distribution of microorganisms and the most favorable

operating conditions to do the job. With the right

lighting, nutrients, temperature, pH and oxygen

supply, the microorganisms can thrive on the waste

and convert the hazardous constituents into harmless

gas, water and a biological sludge which may or may

not be hazardous. Common methods for biological

treaunent include aerated lagoons, u-ickling fillers,

rotating biological contactors and anaerobic

biorcactors (Wentz, 1989).

WASTE STORAGE

Waste is reported as stored for several reasons,

including:

1) waste in long-term storage on the site of

generation (primarily in waste piles and

surface impoundments);

2) waste stored at transfer stations for

accumulation and regularly shipped

elsewhere for further treatment/recycling;

3) waste in storage for a portion of the year at

the site of generation that is later shipped

off-site for treatment, reclamation, or

disposal; and

4) waste generated during a given year, placed

in storage and still in storage at the end of

the calendar year (IEPA/LPC/92-052, 1992).

Industry considers storage as one of the most

common and least costly methods of handling wastes

when treatment or disposal is not a cost-effective

option. However, the Illinois Department of Energy

and Natural Resources (DENR) sees long-term

storage of waste among the least preferable of

management options from an environmental

standpoint (Heavisides, 1983). DENR's concerns

over the environmental integrity of these long-term

storage practices stem from past reports of wastes

leaking into ground and surface waters and incidents

of fires and explosions occurring with ignitable or

highly reactive wastes (Members of the Hazardous

Waste Dialogue Group, 1983).

New regulations are cracking down on careless

storage practices and changing the way facilities do

business. Today storage facilities must comply with

Illinois operating standards which include obtaining

hazardous waste identification numbers, conducting

detailed chemical and physical analysis of waste

received, maintaining adequate site security and

following certain facility inspection procedures.

Generators who store hazardous wastes on site for a

limited period (usually less than 90 days) may be

exempt from storage permit requirements but must

still comply with basic storage regulations. Illinois

requires such generators to certify that containers and

tanks are not leaking; that design specifications are

met for strength, thickness and chemical

compatibility; and that provisions are made for

accidental releases (Attorneys of Sidley and Austin,
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1989).

Typical storage practices utilized by industry include

surface impoundments for liquid wastes, waste piles

for solid or containerized materials and containers and

tanks for above and below ground storage

(Heavisides, 1983). Figure 17.2 shows the total

quantity of hazardous waste stored in Illinois for

1982-1990.

Storage of Hazardous Waste in Illinois

1982-1990

150

100

Year

Source: lEPA Summary ofAnnual Repots on

Hazardous Waste 1982-1990

Figure 17.2

Surface impoundments are typically ponds or lagoons

used to store, treat, and/or dispose of large quantities

of liquid waste. Those dedicated to storage are used

to collect and hold waste until it can be treated or

disposed. Sometimes storage and treatment can even

take place in the same surface impoundment (RTI,

1986). Many old, unlined impoundments were

considered by DENR as probably the most significant

source of chemical pollution in Illinois groundwater

(Heavisides, 1983). This concern over groundwater

contamination prompted stricter technical

requirements for surface impoundments. In order for

existing surface impoundments to remain operational,

facilities were required to install double liners,

leachate collection and groundwater monitoring by

November 1988. Because of the expense in

retrofitting old surface impoundments, many facilities

chose to close down (USEPA, SWER, 1991). In

1983, lEPA estimated that there were as many as 150

on-site storage impoundments in Illinois in the state

(Heavisides, 1983). Three years later, a 1986 survey

counted only 27 surface impoundments holding over

60% of the hazardous waste stored, a dramatic

decline from 150 (RTI, 1986). The closing of these

old surface impoundments was expected to

temporarily increase the quantity of hazardous waste

managed due to contaminated soils removed by

dredging (USEPA, SWER, 1991). Table 17.6 sites

data from the 1986 RTI survey for hazardous waste

surface impoundments in Illinois.

Table 17.6. Hazardous Waste Surface Impoundments

Total quantity of hazardous waste managed:

Illinois (tons)

% of national total
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Table 17.7. Hazardous Waste Piles

Total quantity of hazardous waste managed:

Illinois total (tons)

% of national total



TREATMENT, STORAGE AND RECYCLING OF HAZARDOUS AND INDUSTRIAL WASTE

Table 17.9. Industrial Materials Exchange Service - 10 Year Assessment

1981 - 1990

Year
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Table 17.10. Number of Recovery Facilities in Illinois by

Type

1990 Hazardous Waste Recovery in Illinois

Number
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Lisa A. Damon
Hazardous Waste Research and Information

Center

The current trend toward pollution prevention as a

complement to environmental regulation has a

number of positive consequences for industry and the

environment. Firms adopting a pollution prevention

strategy benefit by reducing costs, improving product

yield and providing safer working conditions. Lower

waste disposal expenses and raw material costs result

if a waste is no longer generated or if materials can

be reused or recycled. In some cases, insurance

premiums have been reduced for firms handling less

toxic materials. A pollution prevention strategy can

reduce potentially harmful discharges and releases to

the environment and can help conserve natural

resources. The adoption of the federal Pollution

Prevention Act of 1990 and the Illinois Toxic

Pollution Prevention Act of 1989 makes preventing

pollution at the source an important objective of

federal and state environmental regulation. The

concept of mutually protecting the environment and

fostering economic growth will be a common theme

into the next century.

Successful pollution prevention programs must have

the support and commitment of top level management

who have the power to make decisions to change

"business as usual". Pollution prevention projects

include process modifications, installation of more

efficient equipment, substitution of safer or less toxic

raw materials, in-process or on-site recycling or

improved housekeeping. Waste reduction is also

possible by working with suppliers to develop

alternative raw materials or delivery schedules. This

discussion presents a few examples of the many

successful pollution prevention projects undertaken by

Illinois companies.

Some pollution prevention projects modify a process

to use less raw material and reduce waste volume or

recover components for reuse. With the assistance of

HWRIC's pollution prevention team, metal fabricator

R.B. White, Bloomington, dramatically cut waste

disposal costs with such a process modification.

Prior to using the ultfafilu-ation system, R.B. White

disposed 15,000 gallons of bath solution a year as a

hazardous waste. An ultrafilU'ation system was added

to R.B. White's process to clean an oil contaminated

degreasing/phosphating bath. The ultrafiltration

process modification reduced the generation of this

hazardous waste by 99.8% to approximately 30

gallons per year at an annual cost savings of almost

$20,000.

Illinois electronic equipment manufacturers Motorola,

in Schaumburg, and Harris Corporation, in Quincy,

modified processes by eliminating a cleaning step in

circuit board assembly. Motorola adopted a no-clean

soldering technology and a spray fluxing process.

This modification saved production time, reduced

equipment maintenance and eliminated the release of

chlorofluorocarbons (CFCs) and volatile organic

compounds (VOCs). As a result, the Motorola

Cellular Subscribers Group saved over $100,000 per

year in solvent purchases. Hams Corporation, a

television transmitter manufacturer, began using a

water-clean solder, eliminating a cleaning step

requiring methyl chloroform (TCA), an ozone

depleter. Harris saved $4,500 per year in raw

material costs and eliminated the cost of TCA
disposal.

Investing in more efficient and updated equipment is

another way that Illinois companies have successfully

reduced waste and pollution. At Viskase

Corporation's Bedford Park plant, carbon disulfide

emissions were reduced by 12% per pound of product

in part by the implementation of a new unloading and

storage system for carbon disulfide. The new, totally

enclosed nitrogen system eliminated about 5,000

pounds per year of carbon disulfide releases to the

environment which would otherwise have occurred

using their old water system. A recently upgraded

evaporator and system modifications at Viskase

reduced ammonium sulfate (solution) releases by

about 300,000 lbs/year. Adjusting for production, this

represents a 35% reduction in release of ammonium

sulfate (solution) to the environment.

Illinois metal products fabricators have found powder

coating equipment to be more efficient than

traditional painting or coating processes which

generate hazardous paint sludges and VOC emissions

from overspray and solvents. Eaton Corporation,

Lincoln, replaced a liquid paint dip system with an

electrostatic powder coating process. The new

system allows all excess coating material to be

reused; the liquid dip system produced a heavy-metal

paint sludge which could not be reused in the process

and required handling as a hazardous waste.

Adopting the more efficient technology eliminated all
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of the waste associated with Eaton's liquid system

and reduced VOC emissions by over 69,000 pounds.

The Marvel Group, a Chicago manufacturer of office

equipment, found the adoption of a powder-coating

process saved 120,000 pounds of paint sludge waste

and reduced VCXT emissions by 64%.

Raw material substitution is a common pollution

prevention technique used successfully to reduce

environmental releases. Firms have replaced

chlorinated solvents with non-chlorinated substitutes.

Caterpillar's Peoria Plant significantly reduced

trichloroethane, trichloroethylene and freon 113

release as the result of waste reduction efforts.

National Castings, a Melrose Park steel foundry,

replaced two 1,1,1-trichloroethane-based products in

their sand core coating process with a water-based

product. Viskase eliminated about 32,000 pounds per

year of chlorinated solvents by substituting

nonhazardous aqueous based degreasers. By
substituting alcohol-based inks and cleaning agents

with aqueous inks and cleaners, MP! Label Systems

reduced in-plant solvent emissions by 80%. Much of

their hazardous liquid wastes were eliminated saving

$15,000 on waste disposal. The University of Illinois

Printing Office has substituted soy inks for

petroleum-based inks with no major process

modifications. Soy inks are less volatile than

petroleum inks and require 15% less ink for

equivalent quality production.

Illinois companies have found many opportunities to

recycle by-products that had previously been

discarded as hazardous wastes or sent to landfills.

The Caterpillar facility in East Peoria has not

disposed paint sludge since 1989 due to a dewatering

process allowing the sludge to be recycled into

various paints or other products.

DAP, Inc., an adhesive and caulk manufacturer in

Rosemont, implemented a novel process to reuse

solvents. Previously, solvent waste was generated

when mixers were cleaned between batches. Since

different vehicle solvents are required for the

production of adhesives with different specifications,

the equipment requires cleaning after each different

batch. DAP now cleans the mixer with the same

vehicle solvent required for a particular batch. Rather

than discard the cleaning solvents, the material is now
drummed and saved until a batch of the same product

is manufactured. It is then used as the vehicle

solvent in the production process for the new batch.

This in-process recycling system resulted in yearly

savings of over $40,000 due to lower disposal and

raw material costs.

An in-process recycling system was established by

Eagle Wings Industries, a Rantoul manufacturing firm

that supplies steel component parts to the automotive

industry. A surface treatment process, required prior

to painting, resulted in a zinc phosphate solution

previously disposed to the wastewater treatment

system. By filtering this solution, Eagle Wings

removed phosphate sludge and was then able to reuse

the solution in the surface treating process. This

reuse diverted over 38,000 gallons per year of

solution from the wastewater treatment system and

resulted in a yearly savings of nearly $7,000 in raw

material and labor costs.

Caterpillar has also found success with recycling of

dunnage (paper, cardboard, plastic, wood, wood
pallets and other garbage). Materials found in

dunnage that can be recycled are sorted out of

shipments going to landfill disposal and recycled.

Caterpillar reduced the volume of dunnage being

shipped to landfills from almost 80,000 cy in 1988 to

less than 30,000 cy in 1992.

Paul's Machine and Welding Corporation in Villa

Grove, a manufacturer of industrial machinery and

farm equipment, recendy took its first step in

pollution prevention by making simple housekeeping

and process changes. The most productive change

involved reducing the thickness of plastic sheets used

to catch paint drippings and the frequency with which

they were replaced. The company reduced it's volume

of paint related hazardous waste and associated

disposal cost by approximately 50 percent. The

change also reduced supply and labor costs. No
investment was required on the part of the company

to achieve these results aside from an awareness of

how small changes in practices can impact pollution.

CCL Custom Manufacturing, a Danville contract

packager of liquids and aerosols, greaUy reduced

wasted raw materials and products by inspecting all

process lines and pumps in the facility. Through this

procedure, they identified leaks and other

housekeeping and maintenance problems that could

be easily repaired. The implementation of an

employee awareness program helped identify

recycling opportunities for waste cans. These

activities at CCL Custom Manufacturing, along with

process modifications, resulted in a cost savings of

over $600,000 for the facility.

The potential to work with suppliers to develop less

toxic raw materials or reduce waste is a useful

pollution prevention alternative. Griffin Wheel

Company, in West Chicago, a manufacturer of
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railroad brake shoes, used toluene in the

manufacturing process to lower the viscosity of resins

and soften the rubber component of the binding

material. With the help of their supplier. Griffin

reformulated the resin so the addition of toluene was

no longer necessary. A new mixer was purchased

that further reduced the need for toluene. By
working with their supplier and implementing new
technology, Griffin eliminated the need for nearly two

million pounds of toluene per year. They also

reduced toluene emissions from 2 to 4 hundred

thousand pounds per year to zero. In cooperation

with their paint supplier, the Interlakes Companies,

Pontiac, eliminated the heavy metals lead and chrome

from their paint while maintaining a high quality

finish. This change in material reduced disposal costs

and improved worker safety by reducing the hazard

level of the waste.

Selling and purchasing raw materials in bulk has also

allowed many companies to reduce waste. Nalco

Chemical Company, of Naperville, a specialty

chemical manufacturer, provides products to their

customers in returnable, reusable containers. The

containers hold a larger volume of chemical than the

drums used previously, require less frequent delivery

and eliminate the customers responsibility for

container disposal and remaining residue. The

disposal of over one million drums and one millions

gallons of residue has been eliminated nationwide

since 1984 with the use of Nalco's reusable

containers.

As awareness of pollution prevention opportunities

increases, Illinois companies will find such projects a

cost-effective way to address environmental concerns.
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Gary D. Miller, PhJD.

David J. Schaeffer, Ph.D.

Hazardous Waste Research and Information

Center

More than 6 billion tons of municipal and industrial

waste - nearly 50,000 pounds per person - is

produced annually in the United States. Even if

production of wastes was instantly reduced to zero,

past disposal practices will ensure for several decades

that many Americans are exposed to the effects of

these wastes. The General Accounting Office (GAO,

1987, p. 13) estimates that on the basis of USEPA
and other federal agency data, there may be 130,300

to 425,400 potential hazardous waste sites in the

United States that qualify for inclusion in the federal

inventory (CERCLIS). Table 19.1 lists the number

and type of remediation sites in Illinois as of 1990

(lEPA, 1990). In addition to these almost 1,500 sites

that are to be cleaned up, there are numerous other

sites still needing to be investigated.

Table 19.1. Number of Remediation Sites in Illinois

Potential Comprehensive Environmental

Response Compensation and Liability Act

of 1980 (CERCLA or Superfund)
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Table 19.2. Typws and Estimated Numbers of Potential Hazardous Waste Sites in the United States.

Type of site
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was not established until 1983, following a lawsuit by

the Environmental Defense Fund, the Chemical

Manufacturers Association and the American

Petroleum Institute (Siegel, 1990). Given this late

start, ATSDR had accomplished very little

measurable work on the health aspects of hazardous

waste sites by the time Superfund was due for

reauthorization in 1985.

Congress attempted to correct the problems with

USEPA's site evaluation process and ATSDR's

failures in the Superfund Amendments and

Reauthorizauon Act in 1986 (SARA; P.L. 99-499).

EPA was directed to revise its site evaluation process

and ATSDR was directed to produce public health

assessments of all Superfund sites for the National

Priorities List (NPL) established by the USEPA, and

for other sites in response to public petition. ATSDR
also was required to establish a priority list of

hazardous substances found at CERCLA sites, to

produce toxicologic profiles for each substance on

this list, and to carry out research on the health

effects of hazardous substances and hazardous waste

sites. ATSDR's health assessments affect both

USEPA's decision to list a site on the ^fPL and the

remediation goals and methodologies.

Site assessment is accomplished as follows. In the

preremedial process, a preliminary assessment (PA)

and site inspection (SI; of some sites) are carried out,

and a preliminary hazard ranking system score (HRS;

a value between 1 and 100) is computed using several

types of data. The PA is a review of existing

information on chemicals present at the site and on

potential releases. If the HRS is high enough, the

site will be proposed for the NPL and will go on to

the remedial process. Until 1992 in Illinois, some

sites not ranked high enough for listing on the NPL
were placed on the State Remedial Action Priorities

List (SRAPL). In December 1992 a court order

declared void the rule establishing the SRAPL. As a

result, this program no longer exists. Revisions to

the State Contingency Plan will be necessary to

establish a new program. The remedial process

includes the remedial investigation/feasibility study

(Rl/FS), project scoping, site characterization, and

development of remedial action objectives. This

process is followed by the development and screening

of allernatives, which includes development of a

record of decision (ROD), remedial design (RD) plan

for engineering and construction of the chosen

remedy, and remedial action (RA) to implement the

remedial strategies.

THE NATIONAL PICTURE

Under the National Contingency Plan (NCP)

developed by the USEPA to implement CERCLA,

more than 31,000 sites have reported to the CERCLA
Information System (CERCLIS) inventory of sites

that potentially require cleanup. The USEPA has

completed more than 27,(X)0 preliminary assessments

and has carried out detailed investigation of over

9,000 sites. As of March 1991, 1,189 sites were on

the final NPL. USEPA's Region V office (including

Illinois) compared Hazard Ranking System (HRS)

scores after a site investigation (SI), and found both

false positives and false negatives. Only 30 percent

of sites with high projected scores (placing them on

the NPL) actually ended up with scores above the

Superfund threshold, and 10 percent of the sites with

low priority projections ultimately received HRS

scores above the Superfund threshold for NPL

ranking^ (NCR, 1991, p. 80).

SARA impacted both the time frames and costs

associated with the Superfund process. At the time

SARA was initiated, USEPA staff projected a 9-

month increase in the time it takes to handle a

Superfund cleanup; that is, from 58 months to 67

months. The remedial investigation/feasibility study

(RI/FS) work plan is supposed to be developed within

6 months of the commencement of discussions with

cooperative potentially responsible parties (PRPs).

The RI/FS itself will take another 18 months. The

health assessment should be available toward the end

of the second year. Public and state comment will

occur in the third year, after which the record of

decision (ROD) is prepared. The remedial design

will be available around the end of the third year, and

the consent decrees may be entered at any time there

is a settlement. Thereafter, review and contracting

will occupy most of the fourth year. Remedial

action, which takes an average of 2.5 years, will

bring USEPA's estimate of the total elapsed lime to

over 6.5 years; that is, the remedy is even further

away (HeUman and Hawkins, 1988, p. 99).

Table 19.3 gives the actual times for sites to reach

points in the Superfund process, as found by a 1988

Office of Technology Assessment (OTA) case study

of Superfund cleanups. As an example in Illinois

(lEPA, 1989, p. 18), between 1946 and the mid-

1960s, Sangamon Electric Co. operated a two or three

acre landfill near, and draining into Crab Orchard

Lake, in the Crab Orchard National Refuge in

Jackson and Marion counties near Carbondale. Soil

samples collected at the edge of the landfill had

polychlorinatcd biphenyls (PCBs) in the range of
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Table 19.3. Time for Sites to Reach Points in the Superfund Process
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Table 19.4. Number of Illinois Sites in 1991: Type of Chemical Contaminant and Affected Medium

Type of ConUminant'
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Table 19.5. Number of Closed or Restricted Groundwater Wells in Illinois Contaminated by Most Commonly Found

Contaminants

Chemical Contaminant
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Table 19.6. Total Number of Dlinois Cleanup Projects, Cleanup Expenditures and

Cleanups Completed in Fiscal Years 1985-1990

Fiscal Year
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3) the system provides nearly complete

combustion of all organic contaminants fed

into the system, including persistent non-

biodegradable compounds as well as debris

sludges and soils from cleanup operations;

4) the process has a proven track record. The

same type of technology is used at several

commercial treatment facilities;

5) by destroying hazardous substances where

they are found, the state can limit its

environmental liability associated with

landfill disposal of cleanup residues and

ehminate their transportation on state

highways.

In 1987, the lEPA approved permits for the first two

large scale, sponsored incineration projects in the

United States. One was located near Beardslown,

where a modular incineration system burned soils and

debris contaminated with PCBs. The second operated

near Lemont, to destroy hazardous liquids, sludges

and soils. lEPA incinerated large amounts of soil and

debris at LaSalle Electrical Utilities Superfund site

(lEPA, 1989). lEPA was considering using

incineration at the Savanna Army Depot in

Jo Daviess county (lEPA, 1988), but was still

negotiating the cleanup program a year later (lEPA,

1989). The Interagency Agreement with the

Department of Defense became effective in January,

1990. The trial bum plan was submitted in August

1992 and a trial bum during October showed that the

incinerator was meeting all emission requirements.

In 1984 the Hazardous Waste Research and

Information Center (HWRIC) was establish within the

Department of Energy and Natural Resources

(DENR) with the mission of helping to find solutions

to the state's hazardous waste problems. One

component of that mission has been to develop and

evaluate remediation technologies. To dale several

new, effective technologies have been developed and,

in some cases, field tested. These new technologies

could save the State and industry money and time in

cleaning contaminated sites. With the reductions in

funding over the past three years, HWRIC's ability to

develop these technologies and demonstrate their

effectiveness has been severely hindered.

HOW CLEAN IS CLEAN?

The answer to the question "How clean is clean?" is

more like a philosophy in that the answer depends, in

part, on an individual's behef system. Various

responders define "clean" as when:

1) the composition of the polluted medium is

restored to the original background;

2) the cost of cleanup exceeds the benefits;

3) the medium can maintain an ecosystem

similar to that which existed before the

contamination;

4) the medium can maintain an ecosystem

appropriate to the nature of the medium

following restoration.

The first statement, when conditioned by the second,

represents the philosophical basis of RCRA,
CERCLA, and most state programs. However,

environmental standards currently exist for only a

small fraction of cleanup situations, especially for

safe limits of contaminants in soils''*. Consequently,

EPA estabUshes cleanup levels using risk assessment

with a broad range of acceptable risks, from 1 in

10,000 to 1 in 10 milUon'. Risks considered include

the hazard potential of substances present at the site

and potential for contaminating drinking water.

"[This] approach results in the establishment of

different acceptable levels of contamination in the

ground water, surface water, and air from site to site

across the country after a cleanup.. ..The major

objection that environmental and community groups

have about the current USEPA approach is that it

does not guarantee a minimum level of protection to

citizens across the country; rather, a number of

factors, many of which are never quantified or

explicitly discussed, appear to determine the amount

of contamination that will remain at the site after

cleanup" (Greer, 1988. p. 111).

KiUian (1989) has noted that "...if the allowable level

of risk is not held constant, 'How Clean is Clean?"

levels become 'moving targets' and the probability

that they will be applied inconsistently increases

significantly." State officials have concluded, "The

lack of development of cleanup standards or goals has

been a major impediment in achieving a more rapid

remediation of hazardous waste sites throughout the

country. ..The overall goal of developing cleanup
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standards, models, and criteria should be to assure a

consistent approach to the cleanup of hazardous waste

sites" (ASTSWMO, 1989).

Some environmental groups believe this statement to

be the correct test of "clean," even if costs outweigh

benefits or it is technically infeasible to restore the

original ecosystem. Other environmentalists accept

the last statement (possibly conditioned on the

second) as the test of "clean." As explained by Greer

(1988, p. 110), after lobbying the issue of cleanup

levels for hazardous waste dump sites during the

1980 debate over the Superfund bill, the

Environmental Defense Fund (EDF) oversaw the

implementation of the statutory language and

participated in the rule making that generated the

National Contingency Plan (NCP), the set of

regulations governing cleanups nationwide. EDF
subsequently filed suit against EPA in 1982 over the

agency's failure to resolve the cleanup issue in the

NCP.

10% of the cost while the last 10% of the reduction

accounts for 90% of the cost.

This raises the important practical question: "Is

society better served by cleaning relatively few sites

extensively or more sites to less restrictive levels?"

In a review of Superfund, the Office of Technology

Assessment (OTA 1989, p. 26) concluded:

"The unsuccessful attempt to balance Superfund's

environmental goals against technical and

economic resources has revealed the lack of a

well-crafted long-term strategy in statute or

implementation.. .The question, therefore arises:

what is the most efficient means of allocating

Superfund's limited resources to achieve

maximum protection of the public and

environment? The answer to this question lies in

how the spending is to be distributed with respect

to sites and time....[S]trategy, not just spending,

has to be considered."

Since 1982, the "How Clean is Clean?" question has

expanded to include not only the question of the level

of cleanup appropriate at dump sites but also the

technology to be selected in undertaking a cleanup

and the point of compliance at which the cleanup

goals will be attained. These issues have been

addressed by environmental and citizens groups at

particular sites as well as in lobbying efforts on the

1986 reauthorized Superfund bill [SARA].

Hellman and Hawkins (NRC, 1988) provide an

interesting case study which focuses on some of the

issues associated with defining "clean." Cleanup of a

particular groundwater contaminated with

trichloroethylene (TCE) at 20 ppm was initiated by

air stripping at a rate of 85 ppm. After 2.5 years of

continuous pumping the TCE concentration in the

aquifer had dropped to 1.3 ppm (93.5% reduction),

and an additional 2 years of pumping reduced the

concentration to 1.0 ppm (95% reduction). The total

costs at the end of each period were $222,000 and

$312,(X)0. Further pumping to drop the concentration

to 0.1 ppm (99.5% reduction) would require an

additional 16.5 years and would raise the cost to $1.1

milhon, while reduction to 0.01 ppm (99.95%

reduction) would require 95 years more and would

cost over $10 million. "It raises the practical

question of who will be responsible for these kinds of

abatement systems 20 to 50 years from now when the

companies deemed responsible may no longer exist"

(NRC, 1986,p. 103). This example illustrates the

maxim that the fu-st 90% of the reduction requires

The same criticisms that have been leveled at

Superfund, CERCLIS and the NPL are appropriate to

other federal programs, and to state funded programs,

which operate in the Superfund framework.

However, the failure of Congress and EPA to provide

criteria to determine "How Clean is Clean?" is an

opportunity for the "Clean Illinois" program to

answer the question and pioneer the methodologies to

ensure that a clean Illinois is achieved to maximum
extent possible. A successful methodology should

achieve a reduction in adverse health risks and

increase the health protection (not necessarily

complete cleanup) for the greatest number of people

possible.

A successful methodology should also achieve a

reduction in adverse health risks and increase the

health of exposed ecosystems. These environmental

goals were articulated by Congress twenty years ago

in the "fishable and swimmable" goal of the Clean

Water Act (1972). Tide III of the 1990 Clean Air

Act Amendments of 1990 requires the Administrator

of EPA to regulate substances that defined by

Congress:

"...are known to cause or may reasonably be

anticipated cause adverse effects to human health

or adverse environmental effects. [T]he term

"adverse environmental effects" means any threat

of significant adverse effects, which may
reasonably be anticipated, to wildlife, aquatic life,

or other natural resources including disruption of
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local ecosystems, impacts on populations of

endangered or threatened or species, significant

degradation of environmental quality over broad

areas, or other comparable effects."

Furthermore, SB442 enacted by the State General

Assembly (1 January 1988) amended Section 9.5 of

the State's "Environmental ftotection Act" (approved

June 29, 1970) as follows (emphasis added):

1) The public health and welfare may be

endangered by the release of toxic

contaminants into the air which are

carcinogenic, teratogenic, mutagenic or

otherwise injurious to humans or the

environment.

2) Existing federal programs may not be

adequate to protect the public and the

environment from low-level, chronic

exposure to toxic air contaminants.

c. The [Pollution Control] Board...shalI

promulgate a list of toxic air

contaminants. The list published under

this subsection shall include any air

contaminant which may...pose a

significant threat to human health or the

environment.
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Endnotes:

'On March 19, 1993, Illinois Power (IP) and Waste

Recovery, Inc., of Dallas announced that they "plan

to recycle more than half the 12 million tires

discarded in Illinois each year while creating as many

as 70 new jobs in southeastern Illinois and the Ottawa

area...Waste Recovery intends to build plants in two

locations to convert used tires into power plant fuel.

IP expects to burn 7.5 million reprocessed tires

annually, equal to about 60 percent of tires discarded

statewide each year" (The Champaign-Urbana News-

Gazette, p.2, italics added).

^Based on these error rates, approximately 20-25

Illinois sites on the NPL should not be there and

approximately 100 Illinois sites on CERCLIS need to

be added to the NPL.

'EPA provided an average cost estimate of $8.84

milhon (1986 dollars) in a Superfund Section

301(a)(1)(c) study of future funding needs.

"According to "Cleaning lUinois" (1989, p. 3): "In

1984, 1 1 sites appeared on the National Priority List

(NPL) of Superfund. Today [1989], 23 Illinois

facilities are named on the NPL." Since the NGA
numbers quoted here were obtained from lEPA, the

reasons for the discrepancy possibly reflect an

unspecified distinction between "site" and "facility."

'"Clean Ilhnois" is funded by the "Build IlUnois"

bond program and the State's Hazardous Waste Fund.

The fund generates about $2.5 million annually from

a fee on treatment and disposal of hazardous waste in

Illinois. The State also receives any cleanup

settlement revenues recovered on specific site

agreements. However, in the first four years (1985-

1989) of "Clean Illinois," the legislature appropriated

less than half of the $90 million originally earmarked

for cleanup work under the "Build Illinois" bond

program (lEPA 1989, p. 5).

*For example, as discussed elsewhere in the CTAP
report, dewatering of sewage sludge is carried out in

order to reduce the volume of sludge which must be

transported.

'Sims et al. (1988) present information and

mathematical models for the quantitative evaluation

of the treatment potential in soil for 56 hazardous

chemicals. The chemicals were organized into four

categories of substances: 1) polynuclear aromatic

hydrocarbons (PAH); 2) pesticides; 3) chlorinated

hydrocarbons; and 4) miscellaneous chemicals.

Treatability screening studies were conduced to

determine: 1) degradation rates; 2) partition

coefficients among air, water, soil, and oil phases;

and 3) transformation characteristics.

"The Dutch Ministry of Housing, Physical Planning

and Environment developed a list of soil quality

reference values to implement the country's Soil

Protection Act of 1986. See van Straalen and

Denneman (1989).

'Many people live within 4 miles of several waste

sites, as shown by 1990 Donnelly estimates: 1 site,

28,386,886 people; 2 sites, 7,485,909 people; 3 sites,

2,966,698 people; 4-10 sites, 2,069,228 people; and

>10 sites, 186,416 people (NRC 1991, p. 114).

However, EPA estabUshes cleanup requirements

separately for each site. Because sites enter the

various stages of the process at different times, some

individuals could be exposed for decades.
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