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Preface

The management and disposal of hazardous wastes is one of the major prob-
lems being addressed in Oklahoma and throughout the nation. Oklahoma has
taken a number of specific steps to deal with these issues, and the purpose of this
symposium was to bring together people knowledgeable about various hazard-
ous-waste activities in the State and discuss the issues in a public forum. This goal
was well met, and this symposium-proceedings volume is a further attempt to
disseminate information to the concerned public.

In the Spring of 1989, the Oklahoma Geological Survey (OGS) proposed to the
Executive Committee of the Oklahoma Academy of Science (OAS) that a one-day
symposium on hazardous-waste disposal in Oklahoma be presented under the
sponsorship of OAS at the next annual technical meetings, held at Central State
University in Edmond. It was proposed that the Geology Section of OAS would
organize the session, and that it be held on November 9, 1989, the day before the
OAS technical meeting. This was agreed to, and the final program was offered

“under the cosponsorship of the OAS, OGS, Oklahoma State Department of Health
(OSDH), Oklahoma Department of Wildlife Conservation, and Oklahoma Wildlife
Federation. All these organizations were instrumental in the success of the sym-
posium.

The success of the program can be measured in part by the number and diver-
sity of attendees. About 275 people attended the symposium, including represen-
tatives of industry, government (city, state, and federal), academia (faculty and
students), environmental organizations, and the general public.

Special thanks are expressed to the speakers (authors) who contributed to this
symposium. Each of them was successful in making a special effort to synthesize
years of work and many data into the report. Persons who assisted in the organi-
zation and planning of this symposium include Kenneth Johnson and Charles
Mankin of the OGS; Kenneth Conway, Paul Buck, and Terry Harrison of the OAS;
and Mark Coleman and Damon Wingfield of the OSDH.

KENNETH S. JOHNSON
General Chairman
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Welcoming Address

Kenneth E. Conway
President
Oklahoma Academy of Science
Stillwater, Oklahoma

I welcome you on behalf of the Oklahoma Academy
of Science and encourage you to participate in this
symposium by questions to speakers and/or informal
discussions during the meeting. I hope that we can
learn from our speakers how to avoid mistakes that
will be harmful to Oklahoma and how best to plan for
alternatives.

The Oklahoma Academy of Science was formed in
1909, and we should be celebrating our 80th anniver-
sary during this year. The purpose of the Academy is to
stimulate scientific research; to promote fraternal rela-
tionships among those engaged in scientific work in
Oklahoma; to diffuse among the citizens of the state a
knowledge of the various departments of science; and
to investigate and make known the material, educa-
tional, and other resources of the State.

The Academy has approximately 900 members.
Membership is divided into 13 sections (Biological Sci-
ences; Geology, Physical Science; Social Science; Sci-
ence Education; Geography; Wildlife Conservation;
Microbiology; Engineering Sciences; Biochemistry and
Biophysics; Electron Microscopy; Mathematics, Com-
puter Science, and Statistics; and Environmental Sci-

ence), plus a Collegiate Academy of Science for stu-
dents in colleges and universities, and a Junior Acad-
emy of Science for high-school students. This sympo-
sium is organized by the Geology Section of the Okla-
homa Academy of Science.

We hold at least three meetings a year: a Spring and
a Fall Field Meeting, and a Fall Technical Meeting.
Field Meetings are held throughout the state and con-
sist of field trips led by scientists and experts in various
areas of science. Fall Technical Meetings are held in
November at various colleges and universities
throughout Oklahoma. This year’s Fall Technical
Meeting is being held tomorrow, November 10, at
Central State University. The Collegiate Academy and
the Junior Academy meet during the Fall Technical
Meeting. :

We invite you to join the Oklahoma Academy of
Science. Application blanks will be available during
this meeting.

Thank you for your interest in this symposium; I
hope that it will generate knowledge about hazardous-
waste disposal and provide you with an increased
awareness of this problem.
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Introduction to Symposium

James W. Bennett
Executive Director
Oklahoma Wildlife Federation
Oklahoma City, Oklahoma

Hazardous waste is a topic on the public’s mind.
Basically, people want to know “what is the riskassoci-
ated with a particular hazardous substance.” Risk can
be quantified in parts per million with the resulting
probability of cancer. The questions begin when deci-
sions are made concerning whether the degree of risk
is reasonable. Whether a risk is reasonable is usually a
value judgment, not a fact, and it often is based on
whose ox is being gored. An example: Annually, we kill
as many people on this nation’s highways as were
killed during the entire Vietnam conflict. One risk we
accept as reasonable; one shook this country to its very
foundations. Reasonable risk could be reduced almost
overnight on our highways. How?

1) Outlaw liquor;

2) Reduce speed limits to 50 mph maximum;

3) Double state tax and apply it to highway safety
engineering.

Do I hear someone’s ox starting to moan? Safetyisa
value judgment, made by our society. The point s, the
issues, including hazardous-waste management, are
complicated. They will require a well-planned ap-
proach to the decision-making process to arrive at
workable solutions. Don’t misunderstand me; I believe
that environmental quality is the most pressing issue
before us today. Decisions made today require a cer-
tain amount of lead time for implementation. The time
we have left in which these decisions will even matter
is ever becoming less.

We are truly at an environmental crossroads. State-
of-the-art technology today is the best we can do. Our
grandchildren will shake their heads and wonder at
our ignorance. But what they need to be proud of is
that, in our time, the environmentalists and industry
got together and did the best we collectively could. We
don’t need “shiite environmentalists” demanding zero
pollution. We don’t need industry with the appearance
of Groucho Marx and the philosophy of James Watt.

Now is the time to work together for our common fu-
ture. Let me give some examples of what I'm talking
about.

1) Industry needs to take a proactive stance in the
community in which they operate. No more “smoke
and mirrors” propaganda, but rather, real education
programs for a concerned citizenry.

2) Since public health is at the heart of the issue, I
believe that the OSDH should expand their education
role, and provide lesson guides and information to our
teachers and students for classroom use.

3) Environmental issues are complicated. Thus,
they require a well-informed citizenry to make rational
decisions on issues. I know of no better way to achieve
this than improving our overall education system in
Oklahoma. Our legislature has our collective future
before them now.

4) The days of preaching to the choir must be over.
The Board of Directors of the Oklahoma Wildlife Fed-
eration must be receptive to the real needs of business
and industry. Likewise, the corporate boardroom must
include the environment as a cornerstone upon which
decisions are made. We must talk to each other. How-
ever, if speeches take the place of sound policies, the
1990s will go down as the decade we finally lost the
struggle to protect our future.

April 22, 1990, is the 20th anniversary of Earth Day.
It will be a major event in Oklahoma and the nation. I
suggest that it should be a focal point upon which a
new alliance is formed: Industry, the environmental
groups, and the government agencies, working to-
gether toward meaningful objectives with an even
greater long-range goal in mind.

Those of us who live on planet Earth inevitably have
a common future. Whatever the outcome of our poli-
cies and decisions, our children will harvest the fruit of
our labors. It’s time to take care of the home we share.
Good planets are hard to find.
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Hazardous Waste Generated and Disposed of in Oklahoma

James M. Robertson
Professor

Reza S. Shadizadeh

Teaching Assistant

Civil Engineering and Environmental Science
University of Oklahoma
Norman, Oklahoma

EARLY STUDIES

The first comprehensive study of hazardous-waste
generation in Oklahoma was by Dr. Shelly Jean Wil-
liamson, who completed her Ph.D. in Environmental
Science at the University of Oklahoma (1975). The
study was conducted in cooperation with Environ-
mental Health Services of the Oklahoma State Depart-
ment of Health. All of Oklahoma’s 77 counties were
surveyed, and generators were classified according to
Standard Industrial Classification (SIC) code numbers.
Mining and petroleum-refining industries and NPDES
dischargers were included in this survey as potential
hazardous-waste generators. Hazardous wastes were
divided into two major types: (1) “sewered” potentially
hazardous wastes generated by the selected manufac-
turing industries, and (2) “non-sewered” hazardous
wastes. The “non-sewered” hazardous wastes in-
cluded the known quantities of hazardous wastes dis-
posed of at the Criner hazardous-waste site and at
industrial injection wells. Where data were lacking or
unavailable, hazardous-waste quantification was de-
termined by use of generation factors, effluent vol-
umes, influent volumes of water, and waste-genera-
tion factor per employee.

Alist of 5,300 industries in Oklahoma was compiled,
and a total of 4,632 industries were actually surveyed
with help from county sanitarians. More than 50% of
the hazardous wastes produced in Oklahoma came
from Oklahoma City and Tulsa. During the year May
1974 to April 1975, 11,875 tons of hazardous wastes
from Oklahoma and 16,623 tons of hazardous wastes
from Texas was disposed of at the Criner, Oklahoma,
disposal site. The Texas contribution was approxi-
mately 59% of the total. During this same period an
estimated 1,838,000 tons of industrial waste was dis-
posed of in injection wells in Oklahoma, of which 1,070
tons (dry-weight basis) was considered hazardous.
Approximately 47,500 tons of industrial wastes from
outside of Oklahoma was also disposed of in injection
wells in Oklahoma during this period. A summary of
wastes generated and disposed in Oklahoma during
1974-75 is shown in Table 1 (Williamson, 1975).

CURRENT STUDIES

The most current comprehensive study of hazard-
ous-waste generation and disposal in Oklahoma s the
1989 Hazardous Waste Assurance Plan for Oklahoma
(hereafter referred to as the plan; Oklahoma State
Department of Health, 1989).

This plan contains the following sections:

1) Executive summary;

2) Status of demand (generation, imports, exports)
and management capacity;

3) State waste-minimization activities;

4) Projection of hazardous-waste generation and
the demand for management capacity;

5) State plans to increase in-state capacity;

6) Limitations.

The plan is mandated by section 109(C)(9) of the
Federal Comprehensive Environmental Response

TaBLE 1.—-SummMaARY oF WASTE QUANTIFICATION

Total annual

Source volume (tons)

Sewered wastes—estimated potential
hazardous waste generated from

manufacturing sources 146,324
Non-sewered wastes disposed:
Licensed hazardous-waste site
Oklahoma sources 11,875
Manufacturing in Oklahoma 6,636
All sources 29,450
Industrial injection wells
Oklahoma sources 1,840,899
Estimated hazardous 1,070
 Manufacturing in Oklahoma 1,838,155
All sources 1,846,136
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Compensation and Liability Act (CERCLA), which
requires that each state develop a hazardous-waste
capacity-assurance plan in order to continue to re-
ceive Superfund remedial-action funds. This plan as-
sures that hazardous wastes generated in Oklahoma
through the end of 2009 can be properly treated or
disposed of by facilities within the State or by capacity
provided by other states in EPA Region VI.

The executive summary of the plan (Oklahoma
State Department of Health, 1989) states that 610,384
tons of hazardous waste was generated in the State of
Oklahoma during the 1987 base year for this report.
Wastes exported to other states or countries amounted
to 28,257 tons, and 22,019 tons was imported from
other states or countries; Oklahoma is therefore a net
exporter of hazardous wastes. A net 604,156 tons of
hazardous wastes was managed by Oklahoma facilities
in 1987. Eighty-two percent of the waste managed was
by on-site treatment or disposal facilities; commercial
facilities managed 14%, and 4% was managed at cap-
tive facilities (Fig. 1). Sixty-four percent of all waste
managed in Oklahoma in 1987 was disposed of by on-
site deep-well injection facilities, while 5% of the waste
was handled by commercial landfill facilities. Imports
totaled less than 4% of the net tons of waste managed
in Oklahoma, while exports were less than 5% of the
hazardous waste generated.

Projections in the plan for the years 1989, 1995, and
2009 are based on the following assumptions (Okla-
homa State Department of Health, 1989):

1) Hazardous-waste generation in Oklahoma
should parallel economic trends, as described by the
earnings projections of the U.S. Department of Com-
merce.

2) Waste minimization, including source reduction
or recycling efforts, is projected according to antici-
pated generator-initiated trends.

3) The effects of land-disposal restrictions are also
reflected in this report, as well as the impact antici-

On-site treatment/disposal
82%

Figure 1. Hazardous waste managed in Oklahoma in 1987.

pated from managing superfund and other clean-up
wastes.

4) Oklahoma has cooperated with all of the states in
Region VI in the preparation of this plan and plans to
continue to cooperate with these states in the reduc-
tions and proper disposal of hazardous wastes.

5) Since Oklahoma is not completely self-sufficient
for hazardous wastes generated in-state, it must con-
tinue to cooperate with the states in Region VI. A less
desirable alternative would be to be forced to accept
wastes from all states, including certain northeastern
states.

6) The Region VI states can mutually assure capac-
ity for the next 20 years, covering shortfalls in any indi-
vidual state with the excess capacity of the group.

Table 2 is a summary of 1987 hazardous waste gen-
erated in Oklahoma by SARA waste type. This informa-
tion was compiled from the 1987 Biennial Report.
Recurrent generation is attributable from ongoing
industrial activity, while one-time generation results
from isolated events such as site clean-up or equip-
ment cleaning. In 1987, 610,384 tons of hazardous
waste was generated in Oklahoma; inorganic liquids
which contain metals accounted for 54% of the total.
One-time generation produced 101,194 tons of waste.
Contaminated soils accounted for 98% of the one-time
waste generation.

Table 3 presents the projected commercial capacity
remaining in Oklahoma and the other states in EPA
Region VI in 1989, 1995, and 2009. Disposal shortfalls
identified in 1987 data have been reduced by a subse-
quent increase in disposal capacity. However, disposal
shortfalls still exist in the categories of metals recovery,
incineration, energy recovery, and other treatment.
Deep-well injection is the largest single method of
treatment/disposal in Oklahoma, accounting for
76.7% of the total capacity in 1989. If deep-well injec-
tion is curtailed through new and/or existing regula-
tions, the States of Oklahoma and Texas will need to

Captive Facilities'
4%

Commercial Facilities
14%
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TABLE 2.—SUMMARY OF IN-STATE GENERATION BY WasTE TYPE IN 1987
FOR THE STATE OF OKLAHOMA (TONS)

Recurrent One-time Total

Waste type generation generation generation
1. Contaminated soils 0 99,461 99,461
2. Halogenated solvents 1,876 2 1,878
3. Nonhalogenated solvents 6,924 335 7,259
4. Halogenated organic liquids 1 2 3
5. Nonhalogenated organic liquids 540 33 573
6. Organic liquids, unspecified 5,855 107 6,062
7. Mixed organic/inorganic liquids 5,209 21 5,230
8. Inorganic liquids with organics 878 7 885
9. Inorganic liquids with metals 328,148 21 328,169
10. Inorganic liquids, NEC* 92,916 41 92,957
11. Halogenated organic sludges/solids 160 0 60
12. Nonhalogenated organic sludges/solids 423 21 444
13. Organic sludges/solids, unspecified 8,644 918 9,562
14. Mixed organic/inorganic sludges/solids 2,519 4 2,523
15. Inorganic siudges/solids with metals 54,342 105 54,447
16. Inorganic sludges/solids, NEC* 79 106 185
17. Other wastes, NEC* 576 10 586
Total 509,190 101,194 610,384

*NEC: Not elsewhere classified.

modify projected disposal options for 1995 through
2007. Under existing regulations, Texas is projected to
have a shortfall in deep-well injection capacity by 2009
of 2,252,466 tons. Viable options should include in-
creased waste reduction and increased incinerator
capacity.

CURRENT INFORMATION SOURCES

The Petroleum Information Waste Generators Re-
port is a very comprehensive and ongoing source of in-
formation regarding hazardous-waste generation in
Oklahoma (Petroleum Information, 1989). It contains
the following format: Business/Plant, EPA Waste No.,
Hauler, Receiving Site, Amount. This information is
published quarterly at a fixed cost for generators,
haulers, and treatment-disposal facilities. This infor-
mation is available for all the states in Region VI, and
for most of the other states as well.

The Oklahoma Hazardous Waste Capacity Assur-
ance Plan for Oklahoma is prepared biannually by the
Waste Management Service of the Oklahoma State
Health Department. This plan is also available for
purchase.

CONCLUSIONS

The State of Oklahoma currently has the capacity
for hazardous-waste treatment and disposal in coop-
eration with the other states in Region VI. Although

total quantities of hazardous waste being generated
are decreasing, certain bans on land disposal are being
promulgated by the EPA. This action will encourage
recycling and source recovery, as well as alternative
treatment methods. Even with new restrictions in
place, the 1989 Hazardous Waste Capacity Assurance
Plan projects adequate treatment/disposal facilities
for hazardous wastes generated in Oklahoma for the
next 20 years.
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History of Oklahoma’s Regulatory Responsibility
in Hazardous-Waste Disposal

Robert D. Kellogg
Staff Attorney
Oklahoma State Department of Health
Oklahoma City, Oklahoma

INTRODUCTION

Waste disposal became nationally focused upon the
land due to the Clean Air Act Amendments of 1970 and
the Federal Water Pollution Control Act Amendments
of 1972. The EPA estimated that approximately two-
thirds of the increase in industrial waste resulted di-
rectly from that air and water legislation (Epstein and
others, 1982, p. 191). “RCRA” was conceived to specifi-
cally regulate hazardous waste and to minimize spoil-
ing of the land. The Oklahoma hazardous-waste regu-
latory program predates RCRA. This paper explores
some of the history of both programs. Statutory cita-
tions are deferred to the references.

SOLID-WASTE LEGISLATION

As used today, the term “solid waste” encompasses
a broad category of waste materials, including munici-
pal refuse and both hazardous and nonhazardous
industrial wastes. The solid-waste program began with
the passage of the federal Solid Waste Disposal Act of
1965. This law encouraged research and development
and encouraged states to develop waste-disposal
plans. Authority was split among the Public Health
Service, the Department of Health, Education and
Welfare, and the Department of the Interior. This law
did not specifically mention hazardous waste. There
were no enforcement provisions; thus, the federal
government was limited to an advisory role. This was
typical of most environmental laws, where Congress
enlisted support of the states in solving environmental
problems (Anderson, 1978, p. 712).

The Solid Waste Disposal Act was amended by the
Resource Recovery Act of 1970, but this neither altered
the “advisory” philosophy nor mentioned “hazardous
waste.” The 1970 amendment broadened the re-
search-and-development approach and shifted em-
phasis from disposal to recovery (U.S., 1976, p. 6338).
While the Resource Recovery Act was being consid-
ered in committee, President Nixon sent Congress his
plan to create the Environmental Protection Agency
(EPA). [Reorganization Plan No. 3, July 9, 1970.] The
Resource Recovery Act amendments were adopted on
October 26, 1970; and on December 2, 1970, Congress
created the EPA. [85 Stat. 2086.] The Public Health
Service role in solid waste was then transferred to the
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EPA, divorcing environmental protection from public-
health protection at the federal level.

In 1965, only one-third of the states had passed
solid-waste-disposal legislation. However, by 1975 all
states had such laws (Anderson, 1970, p. 643).
Oklahoma's law came on March 17,1970, when Gover-
nor Bartlett signed the Oklahoma Solid Waste Man-
agement Act. This law was introduced as H.B. 1499,
authored by Representative Sanguin and Senator
Lane, and gave the State Health Department authority
to regulate waste-disposal sites.

The Oklahoma law defined solid waste to include
refuse and “industrial wastes and hazardous wastes,
including explosives, pathological wastes, chemical
wastes, herbicide and pesticide wastes.” [Laws 1970, c.
69, Sec. 3.] Today, pathological wastes still remain
under the Solid Waste Management Act, as well as
industrial wastes which are not classified as hazardous
waste. These nonhazardous industrial wastes are also
referred to as “other industrial wastes.”

The first “hazardous-waste” regulations in Okla-
homa were adopted by the State Board of Health on
July 1, 1973, as part of the solid-waste rules under the
Oklahoma Solid Waste Management Act. The “hazard-
ous-waste” rules comprised a small portion (Section 5)
of the original landfill regulations. These sparse haz-
ardous-waste regulations grew out of the permit which
had previously been issued to operate the Hardage
disposal site near Criner in McClain County.

FEDERAL HAZARDOUS-WASTE LAWS

Federal Resource Conservation and
Recovery Act of 1976 (RCRA)

Eleven years and one day after it was passed, Con-
gress amended the Solid Waste Disposal Act with the
more comprehensive law for the regulation of hazard-
ous wastes: the Resource Conservation and Recovery
Act (RCRA), signed by President Ford on October 21,
1976. Unlike previous environmental laws, RCRA does
not merely encourage the states to develop their own
programs. Rather, in RCRA, Congress has mandated a
federally regulated, minimum approach to hazardous-
waste management.Then, where a state program is
determined by the EPA to be “substantially equiva-
lent,” it is authorized to operate in that state in lieu of
the federal program (42 U.S.C. Sec. 6926).
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RCRA Legislative History

RCRA began as H.R. 14496. However, RCRA was a
product of several years of hearings in the subcommit-
tees on Health and Environment and on Transporta-
tion and Commerce before H.R. 14496 was introduced
on June 22, 1976 (U.S., 1976, p. 6246), one week after
the Oklahoma bill was signed. This bill became con-
solidated into S. 2150 in the Senate on September 30,
1976, the day before Congress adjourned (for further
discussion of the procedure in Congress, see Kovacs
and Klucsik, 1977, p. 216-220; and Epstein and others,
1982, p. 189-194).

RCRA was based on the California cradle-to-grave
hazardous-waste tracking system (Epstein and others,
1982, p. 349). RCRA is designed to encourage firms to
minimize the amount of hazardous waste generated
and to minimize land disposal by encouraging process
substitution, materials recovery, and properly con-
ducted recycling and conservation (Sec. 6902). Based
on the various estimates of waste production, approxi-
mately 1 ton, or more, of hazardous waste per person
is generated each year in the United States (Hahn,
1988, p. 204). ,

Interestingly, some of the hazardous-waste man-
agement problems cited by Congress in the 1976 Leg-
islative History of RCRA are not defined to be hazard-
ous waste under the RCRA rules of today (PCBs and,
unless a characteristic is met, fly ash). Most of the
problem sites discussed were in the eastern United
States: five sites in Pennsylvania, six in New York, and
12 sites in New Jersey (U.S., 1976, p. 6293).

While considering RCRA, Congress estimated that
this country generated 4 billion tons of discarded
materials each year, and anticipated an 8% annual
increase in volume (U.S., 1976, p. 6240). The House
Subcommittee on Transportation and Commerce be-
lieved that the volume of solid waste was increasing
five times faster than the population (Kovacs and
Klucsik, 1977, p. 207). Although 90% of the waste was
being disposed of on the land, only 30% of the 18,500
identified solid-waste land-disposal sites were be-
lieved to be in compliance with state regulations
(Kovacs and Klucsik, 1977, p. 209). Congress was most
concerned with the hazardous part of this waste.

Recovery is also a part of RCRA, primarily because it
was projected that 50 of the nation’s largest cities
would run out of landfill capacity by the end of the
decade (U.S., 1976, p. 6247). Also, the EPA Solid Waste
Disposal Act program did not seem to be causing a
broad adoption of resource recovery at the local level
(U.S., 1976, p. 6328).

What RCRA is Designed to Do

Subtitle C of RCRA establishes the nation’s basic
hazardous-waste management system. The OMB in-
vented “interim status” to allow existing facilities to
operate while the EPA developed its regulations (Ep-
stein and others, 1982, p. 193). RCRA required the EPA
to promulgate rules by April 1978 (42 U.S.C. 6921,
6925). Proposed rules were published in the Federal

Register on December 14, 1978. Although the final
manifest rules were published in February, it was not
until Monday, May 19, 1980, that the EPA published
the final package of hazardous-waste regulations. [45
Fed.Reg. 33418; 40 CFR 122 and following; effective
November 19, 1980.] Royal Hardage stopped receiving
wastes at his disposal site, now known as the Hardage/
Criner Superfund site, on November 18, the previous
day.

One purpose of RCRA is to implement a “cradle-to-
grave” monitoring of the generation, transportation,
treatment, and disposal of hazardous wastes. Practi-
cally, however, the EPA does not monitor waste mani-
fests; this task is left to the states. Under the initial EPA
regulations, only facilities which generated more than
1,000 kg of hazardous waste per month were included.
“Small quantity generators” were exempt (40 CFR
261.5, 1984). The 1984 HSWA amendments to RCRA
expanded the domain of regulated material to include
the wastes of “small quantity generators,” generating
between 100 kg and 1,000 kg per month (42 U.S.C.
6921).

Of course, RCRA also involves nonhazardous
wastes. For nonhazardous waste, RCRA requires the
upgrading of open dumps to sanitary landfills (Sec.
405). This is the Subtitle D program. City of Philadel-
phia v. New Jersey, 437 U.S. 617 (1978), held that solid
waste is an article of commerce. Section 208 author-
ized a tire-shredder grant for discarded tire disposal.
Congress knew in 1976 that tires tend to “float” to the
surface of landfills, disrupting the cover (U.S., 1976, p.
6253). Oklahoma added waste tires to its Solid Waste
Management Act in 1989 (the Oklahoma Waste Tire
Recycling Act).

What RCRA does not do is address historic prob-
lems, such as Love Canal. Hooker [Chemical] bought
the canal in 1946, and the New York State Health De-
partment ordered the nearby families to evacuate dur-
ing the summer of 1978 (Epstein and others, 1982, p.
92). This was the driving force behind Superfund
[CERCLA], which President Carter signed on Decem-
ber 11, 1980.

Subsequent Federal Laws

The major amendment to RCRA is known as
“HSWA,” which is renowned for the “land ban” prohi-
bitions for certain hazardous-waste disposal. HSWA
began in 1983 as H.R. 2867, the Hazardous Waste
Control and Enforcement Act of 1983 (U.S., 1984, p.
5579). The name “Hazardous and Solid Waste Amend-
ments of 1984” was created in conference committee
because the House and the Senate disagreed on the
name of the bill (U.S., 1984, p. 5650). It was estimated
that RCRA was regulating approximately 40 million
metric tons per year of hazardous waste, and Congress
was concerned that an equal amount was escaping
regulation through various loopholes.

The RCRA standards did not include hazardous
wastes burned in boilers (estimated to be 20 million
metric tons per year). Also, an estimated 4 million
metric tons per year of hazardous waste generated by
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“small quantity generators” was going into sanitary
landfills and into sanitary sewers. Congress was also
concerned with waste oil. Approximately 4 million
metric tons of waste oil was being burned or disposed
of in landfills, and only about 10% was being recycled.
HSWA also directed the EPA to write rules on recycling
used oil, mostly because of the Times Beach, Missouri,
dioxin-contaminated used oil sprayed onto roads
(U.S., 1984, p. 5684). Finally, Congress believed that
land disposal of hazardous waste was not protecting
ground water from contamination. This was exacer-
bated by the slow RCRA permitting process (U.S., 1984,
p. 5578).

On October 10, 1980, President Carter signed a
modest reauthorization law which added stiffer penal-
ties to RCRA (Pub.L. 96-482). Two months later, Carter
signed Superfund (Pub.L. 96-510). Superfund was
reauthorized when, aboard Air Force One, President
Reagan signed SARA (Superfund Amendments and
Reauthorization Act) on October 17, 1986. SARA re-
plenishes $8.5 billion over five years by taxing petro-
leum, chemicals, and corporations. SARA also sets
cleanup standards and increases public and state par-
ticipation. In addition to Superfund amendments,
SARA also contains the community right-to-know and
emergency-planning provisions, in response to the
chemical-poisoning disaster in Bhopal, India, on De-
cember 3, 1984.

Last, reacting to medical waste being beached on
the East Coast, Congress passed the Medical Waste
Tracking Act on November 1, 1988. Atlantic Coast and
Great Lakes states are included in a “demonstration
program.”

In summary, RCRA is a broad waste-management
law comprising several parts (subtitles). Subtitle C
covers hazardous waste; Subtitle D covers nonhaz-
ardous solid waste; Subtitle I regulates underground
storage tanks [UST] storing petroleum products or any
other nonhazardous waste; and Subtitle J contains the
demonstration medical-waste tracking program. The
EPA is considering RCRA reauthorization legislation
for 1990. EPA seems interested in tightening the regu-
latory programs; and the states seem interested in
increasing criminal enforcement, redefining solid
waste to be more amenable to enforcement, and in-
creasing authority over waste minimization and re-
cycling.

OKLAHOMA HAZARDOUS-WASTE LAWS

The Oklahoma analog to RCRA, the Controlled
Industrial Waste Disposal Act [CIWDA] was H.B. 1811,
signed by GovernornBoren on June 15, 1976. It lacked
an emergency clause and became effective on Septem-
ber 8, 1976.

Legislative History

H.B. 1811 was authored by Representatives Ted
Cowan (R. Tulsa) and Bill Wiseman (R. Tulsa). It was
introduced on January 19, 1976. House Speaker Bill
Willis doubly assigned the bill to two committees:

Environmental Quality, and then to Oil and Gas. The
Environmental Quality Committee passed a commit-
tee substitute on February 18 which added Bob Fun-
ston (D. Broken Arrow) as Senate author. The commit-
tee substitute favored the recycling of hazardous waste
by only requiring disposal plans for wastes which were
to be disposed. The committee substitute also stated
that the operator of a hazardous-waste facility would
be strictly liable for any damages resulting from the
operation of such facility (Section 10). On March 3,
1976, the Qil and Gas Committee passed its substitute
with minor technical changes. The bill came up on
General Order in the House on March 15, and passed
81-13. Engrossed H.B. 1811 also contained the reci-
procity provision from the Solid Waste Management
Act (where it had been added the previous year, Laws
1975, c. 351, Sec. 14). This provision was for reciprocity
among other states for importing hazardous waste.
The Hardage disposal site near Criner was closed
for various periods from March through June. Mr.
Hardage was protesting the bill, especially the bond
and insurance parts, which raised his disposal costs.
Engrossed H.B. 1811 was assigned to the Senate
Public and Mental Health Committee on March 17,
1976. This committee passed a committee substitute
on April 15, which primarily added the Senate Minor-
ity Floor Leader, Steve Wolf (R. Tulsa), as a coauthor.

‘When the bill came up on General Order on May 19,

1976, Senator Funston amended the bill by changing
the name from “hazardous waste” to “controlled in-
dustrial waste.” It passed the Senate as amended,
32-11. The House declined to accept the Senate
amendments, and it was considered in conference.
The conferees were Senators Funston, Berrong, and
Wolfe, and Representatives Cowan, Dunn, and Wise-
man. The conference committee report passed both
the Senate (34-11) and the House (90-11) on June 8,
1976, the 89th legislative day. The strict liability section
was removed in joint conference, and the term “af-
fected property owner” was defined to mean any per-
son within 1 mile of a proposed new site inside a city or
town, and within 2 miles of a proposed new site other-
wise {Section 7 of the Bill, 63 O.S.Supp. 1976, Sec.
2757).

Subsequent Oklahoma Laws

In 1978, CIWDA was amended, among other mis-
cellaneous changes, to limit all affected property
owners to those residing within 1 mile of a proposed
site, regardless of whether the site was to be within city
limits. [Laws 1978, c. 260 (May 10, 1978, emergency).]
The following year, the only amendment was to pro-
vide that at a contruction-permit hearing the Depart-
ment could hear testimony concerning property val-
ues of the affected property owners. [Laws 1979, c.
137.] This language was removed in 1981.

The 10th Circuit Court of Appeals, relying on City of
Philadelphia v. New Jersey, 437 U.S. 617 (1978), ruled
that the Oklahoma reciprocity provision for importing
hazardous wastes for disposal was unconstitutional.
[Hardage v. Atkins, 619 F.2d 871 (10th Cir. 1980).]
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The amendments made in 1981 were intended to
make the Oklahoma program compatible with RCRA
for authorization. [Laws 1981, c. 322.] Also, the 1981
amendments required that the regulations be in rea-
sonable accord with the EPA RCRA rules; added quali-
fied interest groups with standing to call for a hearing
on a construction permit; raised the civil and criminal
penalties to $10,000.00 per day of violation; and re-
pealed the reciprocity provision which had been
struck by the 10th Circuit Court of Appeals. Last, the
1981 amendments recodified CIWDA. CIWDA was
originally codified at 63 O.S.Supp. 1976, Sections 2251
and following; and was renumbered to Sections 1-2001
and following by Laws 1981, c. 322, Sec. 18. The pur-
pose of the renumbering was to move CIWDA into the
Public Health Code, and thereby subject to the full
range of powers available to the State Health Depart-
ment.

The 1982 amendment simply set out penalties for
violation of the Corporation Comrmission’s deleteri-
ous-substances provisions. [Laws 1982, c. 248.] More
significantly, however, was the passage of the Con-
trolled Industrial Waste Fund Act. This provided a
monetary source for dealing with emergencies.

No amendments were made to CIWDA in 1983 and
1984. However, Oklahoma adopted the Central Inter-
state Low-Level Radioactive Waste Compact in 1983.
In 1985, fees for permits and services were authorized.
[Laws 1985, c. 113.] This amendment also allowed
County Commissioners to review their road-classifica-
tion plans and to determine whether roads and
bridges need upgrading along the route of hazardous-
waste transportation to sites proposed in their coun-
ties.

In 1986, five separate bills became law. First, the
Department of Public Safety was given specific control
over hazardous-waste and hazardous-materials motor
carriers. [Laws 1986, c. 80.] Financial responsibility
requirements were amended. [Laws 1986, c. 140.] Sev-
eral amendments needed under HSWA were also
made. {Laws 1986, c. 180.] The prorating of fees and
lower fees for small-quantity generators were pro-
vided. {Laws 1986, c. 229.] Incentive for waste reduc-
tion and waste recycling was made in the Recycling,
Reuse and Ultimate Destruction Incentive Act [RRU-
DIA]. And finally, a 1-year moratorium was placed on
processing permits for controlled industrial waste
landfills, surface impoundments, and injection wells,
commencing April 11, 1986. [S.].R. 33.]

In 1987, CIWDA was amended to distinguish on-site
and off-site treatment, storage and disposal sites, and
prohibited the siting of commercial sites over ground-
water resources. Also, the requirement for an emer-
gency-response plan for affected property owners was
instituted for new construction-permit applications.
[Laws 1987, c. 51.]

1988 added minor corrections for HSWA compati-
bility, and required objections of affected property
owners to the emergency-response plans to be based
on minimizing hazards to health and property (this
amendment was demanded by the EPA). [Laws 1988,
c.42.] Also, multi-user on-site treatment facilities were

authorized for co-owner-generated wastes. [Laws
1988, c. 54.]

Oklahoma Regulations

Section 3 of the original act (now Sec. 1-2003) estab-
lishes the Controlled Industrial Waste Management
Division. Don Hensch was the first director, and pro-
vided the expertise needed for the new regulations.
The first CTWDA regulations were adopted by the State
Board of Health on June 11, 1977. Since that time, the
regulations have been amended 26 times.

In 1980, an ad hoc group, with membership from
environmental groups, industry, and the State Health
Department, began working on the 1981 amendments
to CIWDA, and to the rules, to seek authorization of
the Oklahoma program from the EPA. This ad hoc
group evolved into the Controlled Industrial Waste
Management Council, created in 1981 “to represent
the interest of the people of Oklahoma.” (63 O.S.Supp.
1981, Sec. 1-2003.1.] The primary function of the
Council is to recommend regulations to the State
Board of Health. Dr. Kenneth Johnson was the first
President of the Council, and was appointed on No-
vember 4, 1981, by Governor Nigh. Oklahoma was fi-
nally authorized under the federal RCRA program on
December 27, 1984. [49 Fed.Reg. 50362.]

In 1985, used oil not destined for recycling was
deleted from the list of controlled industrial wastes. On
July 9, 1987, the regulations were revised into the pres-
ent format, which incorporates the EPA regulations by
reference, adding rules only where Oklahoma law is
more stringent. Then, on October 29, 1987, the exclu-
sionary siting criteria recommended by the Council
were adopted as regulations.

In summary, the Oklahoma solid-waste and hazard-
ous-waste laws are comparable to the federal RCRA,
and more stringent in some respects. S.B. 153 (1989)
will be carried over to the 1990 Oklahoma Legislature.
This bill is an attempt to strengthen the Solid Waste
Management Act, and it may also serve as a vehicle to
provide some needed hazardous-waste authority.
Legislative history is such that new solid-waste and
hazardous-waste legislation can be expected each
year. This legislation should receive supportiv atten-
tion.

CONCLUSION

History tells us that politics can react quickly to

- disasters. For example, Love Canal triggered Super-

fund; Bhopal prompted SARA Title III; and hypo-
dermic needles on New York beaches induced medi-
cal-waste tracking. History also teaches that fast Con-
gressional action tends to shift problems rather than
solve them. For example, the air and water legislation
of the early 1970s concentrated wastes in the land.
HSWA now attempts to ban land disposal of many
wastes. Yet, industrial-waste technology has not
brought about a significant, timely reduction in the
amount of wastes generated. There are now approxi-
mately 1,200 Superfund sites, of which only 38 have
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been cleaned up. [Daily Oklahoman, November 8,
1989.] Most of this occurred in the face of a 1965 law
intended to encourage the reduction or recycling of
wastes. Clearly, Congress can’t fool Mother Nature.

Conscientious industries have for more than 10
years been living under the specter of RCRA. Hopefully
they will continue. RCRA and HSWA have raised the
price of hazardous-waste disposal. Industry, conscien-
tious or not, will search for cheaper methods, includ-
ing recycling, waste reduction, waste-fuel burning,
and illegal disposal. Because there are no ready solu-
tions to the amount of wastes being produced, then
“land-ban” may have little impact on the problem—or
worse, it may increase the risks. Congress encourages
recycling by exempting it from RCRA at the federal
level, which has been upheld by the courts. [See
American Mining Congress v. EPA, 824 F.2d 1177
(D.C.Cir. 1987).] Superfund has taught that hazardous
wastes not properly dealt with will continue to burden
society. We must eliminate exemptions and take steps
to see that such wastes really are properly recycled or
disposed of.

'CHRONOLOGY OF
HAZARDOUS-WASTE EVENTS

Events believed to be significant in shaping the his-
tory of Oklahoma’s hazardous-waste program are out-
lined below. Perhaps the time-line perspective will
make their importance more apparent.

Dec. 1946 Hooker Chemical purchased Love
Canal.

Oct. 20,1965 Solid Waste Disposal Act enacted
{federal).

Jan. 1, 1970 NEPA passed (federal).

Mar. 17,1970 Oklahoma Solid Waste Management
Act enacted.

July 9, 1970 Nixon proposed establishment of the
EPA.

Oct. 26,1970  Resource Recovery Act enacted (fed-
eral).

Dec. 2,1970 EPA created.

Dec.31,1970 Clean Air Act amendments (federal).

Sept. 15,1972 Hardage disposal permit issued

(McClain County).

Oct. 18,1972  Clean Water Act enacted (federal).

July 1, 1973 Oklahoma solid and hazardous waste
rules adopted.

July 12,1975  Hazardous waste reciprocity in Okla-
homa.

Jan. 19,1976  CIWDA introduced (H.B. 1811).

Feb./June 1976 Hardage site closes in protest of H.B.
1811. :

June 15,1976  CIWDA enacted.

June 22,1976 RCRA introduced in Congress.

Sept.8,1976  CIWDA effective.

Oct.21,1976  RCRA enacted.

June 11, 1977
Apr. 21,1978
May 10, 1978
June 23, 1978
Aug. 2, 1978

Apr. 14,1980

May 19, 1980
Spring 1980

Oct. 10, 1980
Nov. 18, 1980

Nov. 19, 1980

Dec. 11, 1980
July 1, 1981

July 24, 1982
Oct. 11, 1982
May 12, 1983
Sept. 23, 1983
May 10, 1984

Nov. 8, 1984
Dec. 3,1984

Dec. 27, 1984
May 30, 1985
Feb. 7, 1985
Jan. 1, 1986
Apr. 16, 1986
May 1986

Oct. 17, 1986
Nov. 1, 1986

Jan. 1, 1987
Apr. 29, 1987

15

CIWDA rules promulgated by State
Board of Health.

RCRA deadline for EPA to promulgate
RCRA rules.

CIWDA “affected property owners”
within 1 mile.

City of Philadelphia v. New Jersey
(solid waste is commerce).

New York ordered Love Canal emer-
gency evacuation.

10th Circuit struck Oklahoma reci-
procity clause.

EPA published the RCRA regulations.
OSDH began working on RCRA pri-
macy application.

RCRA reauthorized (stiffer penalties).

Royal Hardage ceased operating
Criner site.

EPA RCRA regulations became effec-
tive.
Superfund [CERCLA] enacted.

CIWDA amended, renumbered,
Council created.

Oklahoma UIC primacy (47 Fed.Reg.
27273).

Controlled Industrial Waste Fund Act
enacted.

HSWA introduced in Congress (as
H.R. 2867).

Central Interstate Low-Level Radio-
active Waste Compact.

First Superfund amendment intro-
duced (H.R. 5640).

HSWA enacted.

Methyl isocyanate gas poisoning,
Bhopal, India.

EPA granted RCRA primacy to Okla-
homa.

CIWDA amended to add fees and
county road plans.

Used oil deleted from Oklahoma
rules.

Sooners became 1985 national foot-
ball champions.

1 year moratorium on hazardous
waste permits.

RRUDIA enacted to encourage re-
cycling.

SARA enacted.

Motor Carrier Safety and Hazardous
Materials Safety Act effective.
RRUDIA effective.

CIWDA off-site permits and emer-
gency plans.
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July 9, 1987 CIWDA rules revised to incorporate
EPA rules.

Oct. 29,1987  Oklahoma Exclusionary Siting Crite-
ria rules.

Mar. 21,1988 Multi-user on-site facilities; emer-
gency plans.

Nov.1,1988  Medical Waste Tracking Act (federal).

May 8, 1989 Oklahoma Waste Tire Recycling Act
enacted.

Nov.24,1989 Hardage/Criner Superfund remedy
trial began.
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Geologic and Hydrologic Siting Criteria for Near-Surface

Hazardous-Waste Disposal Facilities
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ABSTRACT.—The Oklahoma Geological Survey has developed several maps and reports
for preliminary screening of the State of Oklahoma to identify areas that are generally
acceptable or unacceptable for disposal of a wide variety of waste materials. These maps
and reports focus on the geologic and hydrogeologic parameters that must be evaluated in
the screening process. One map (and report) shows the outcrop distribution of 35 thick
shale or clay units that are generally suitable for use as host rocks for surface disposal of
wastes. A second map shows the distribution of unconsolidated alluvial and terrace-
deposit aquifers, and a third map shows the distribution and hydrologic character of bed-
rock aquifers and their recharge areas. The last two maps show the areas in the State where
special attention must be exercised in permitting storage or disposal of waste materials that
could degrade the quality of ground water. State regulatory agencies and industry are using
these maps and reports in preliminary screening of the State to identify potential disposal
sites. These maps in no way replace the need for site-specific investigations to prove (or

disprove) the adequacy of a site to safely contain waste materials.

INTRODUCTION

In recent years, considerable attention has been
focused on the problem of disposal of industrial
wastes in Oklahoma. In the past, industrial wastes
such as spent acids, caustic solutions, poisons, flam-
mable liquids, explosives, liquids containing heavy-
metal ions, and other materials were disposed of with-
out sufficient assurance that they would be perma-
nently isolated from fresh-water resources and the
biosphere (the zone of living organisms). To properly
regulate current and future industrial-waste disposal,
the state legislature passed the Oklahoma Controlled
Industrial Waste Disposal Act in 1976, modified in
1978, and the Oklahoma State Department of Health
established rules and regulations for carrying out the
management and disposal of industrial wastes (Okla-
homa State Department of Health, 1979).

To facilitate future selection of near-surface waste-
disposal sites, the Oklahoma Geological Survey has
prepared several maps and reports (Johnson and
Luza, 1980; Johnson, 1983) for preliminary screening
of the State to identify areas that are generally accept-
able or unacceptable. These are reconnaissance stud-
ies only, and they do not establish the ultimate suit-
ability or unsuitability of any particular rock unit or
any specific site. Such site-specific suitability can only

be established by detailed on-site investigations. Fur-
thermore, these reconnaissance studies address only
the disposal of industrial wastes, and do not consider
the disposal of radioactive wastes.

The current report summarizes the methodology
used in developing the geologic and hydrogeologic
parameters important in a regional or statewide
screening process, and shows how they have been
applied in the State of Oklahoma.

GEOLOGICAL SCREENING

Of primary concern in selecting a rock unit and site
for waste disposal is the need for assurance that the
waste will be isolated from fresh-water zones and the
biosphere for as long as the waste is hazardous to man
and his environment. Rock units most favorable for
surface disposal of hazardous waste in Oklahoma are
impermeable sedimentary rocks, such as shale and
clay, that can be excavated and that can prevent loss or
migration of wastes from the disposal pit (Fig. 1). Geo-
logic data examined in the screening included all sur-
face geologic maps, as well as most of the literature
dealing with mineralogy and physical properties of
clays and shales in Oklahoma (Johnson and Luza,
1980).

This paperwas first presented in July 1989 at the 28th International Geological Congress, Washington, D.C., during a symposiumon “Protecting
Ground Water I: Management of Toxic and Non-Toxic Wastes.” It is reprinted here, with minor revisions, from the journal Environmental

Geology and Water Sciences, 1990 (in press).
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FAVORABLE SETTING

Proposed waste-disposal facility

Terraces

UNFAVORABLE SETTING

Proposed waste-disposal facility

200 fi

Sandstone

60 m

Figure 1. Schematic cross sections showing hydrogeologic settings that generally are favorable (above) or unfavor-
able (below) for siting a near-surface waste-disposal facility.

Important Geological Characteristics

Areconnaissance-level study consists of evaluating
the thickness, structure, and character of potential
host rocks, based upon all available data. The charac-
ter of a potential host rock includes its physical, miner-
alogic, and lithologic properties. Physical parameters
are grain size, permeability, plasticity, and shrink-
swell potential, whereas the mineralogic data of chief
importance are the identities of the major clay miner-
als. Lithologic properties used to evaluate bedrock
units include the presence or absence of fractures,
joints, cavities, caverns, and thin layers or lenses of
permeable rock. .

In Oklahoma, thick shales and clays are generally
the most desirable rock units for geologic containment
of industrial wastes at the surface (Fig. 1). Most shales
and clays, when wet, have more soil-like than rock-like
properties, and they consist chiefly of clay minerals,
such as illite, montmorillonite, chlorite, and kaolinite,
which generally have the ability to adsorb metal ions,
as well as to retard lateral and vertical migration of
fluids. It was important to document and reference the
more comprehensive and/or detailed studies of clays
and shales in Oklahoma, and also to present tables and

summary information on the physical, mineralogic,
and lithologic properties of the potentially suitable
rock units.

Many outcropping geologic units in Oklahoma
generally are not well suited for surface disposal of
wastes (Fig. 1). Limestone and gypsum are very sus-
ceptible to dissolution and commonly are karstic,
which makes long-term waste containment unlikely.
Granite and metamorphic rocks generally are frac-
tured, which might permit downward and lateral mi-
gration of fluids, and many sandstone units have a
fairly high porosity and permeability. Alluvium and
terrace deposits typically are uncemented, porous,
permeable layers of sand, silt, clay, and gravel: such
material normally cannot prevent the migration of
waste fluids.

Classification of Geologic Units

After evaluating important geological characteris-
tics, Johnson and Luza (1980) classified all the rock
units in Oklahoma into three principal zones: Zone 1,
generally favorable; Zone 2, less favorable; and Zone 3,
least favorable for surface disposal of industrial wastes
(Fig. 2).
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1 15 Miles
I 24 Km

disposal :

some shale or clay units

disposal of wastes: shale or clay units at least 50 ft (15 m) thick.

Zone 2: areas that may locally contain bedrock units suitable for waste

interbedded with other rock types.

Zone 3: areas not likely to contain bedrock units suitable for waste
disposal: sand, silt, gravel, limestone, dolomite, or gypsum.

Figure 2. Map of central Oklahoma, showing distribution of bedrock units classified in Zones 1, 2, and 3 (modified from

Johnson and Luza, 1980).

The major characteristics of a rock unit classified in
Zone 1 are low permeability and sufficient vertical and
lateral extent to assure long-term geologic contain-
ment of waste. Thick and widespread deposits of shale
and clay best fulfill these general requirements in
Oklahoma, and Johnson and Luza (1980) arbitrarily se-
lected a minimum thickness of 50 ft as a criterion for
identifying the more favorable rock units in the State.
Although shales less than 50 ft thick may be suitable
locally for waste containment, such shales are too
numerous in Oklahoma for characterization in a re-
connaissance report and are too thin to be shown
adequately on the map prepared by Johnson and Luza
(1980) at a scale of 1:750,000.

Zone 1, therefore, consists of bedrock formations
composed mainly of shale or clay units at least 50 ft

thick, where such shale or clay units crop out or are
covered by no more than 10 to 20 ft of soil, alluvium, or
other loose material. The shale and/or clay materials
in Oklahoma typically have very low permeability
coefficients, low to moderate plasticity, and low to
moderate shrink-swell potentials. The dominant clay
mineral in almost all shales or clays in Oklahoma is
illite, and there are lesser and variable amounts of
chlorite, kaolinite, montmorillonite, and vermiculite.

Zone 2 embraces areas less likely to contain bedrock
units suitable for near-surface disposal of industrial
wastes. This zone locally may include outcrops of thick
shale or clay, as in Zone 1, but the shales are relatively
few and are interbedded with other rocks, such as
sandstone, siltstone, and thin layers of limestone.
Therefore, additional field studies are needed to deter-



20 K. S. Johnson

mine whether parts of a Zone 2 area may be suitable
locally.

Zone 3 areas contain bedrock units least suitable for
near-surface disposal of industrial wastes. There is
little likelihood that thick shales or clays, such as those
in Zone 1, are present in rock units of this category.
These geologic units consist mostly of porous and
permeable material, such as (1) sand, silt, and gravel in
alluvium and terrace deposits; (2) sand, sandstone,
and limestone in aquifer-recharge areas; and (3) lime-
stone, dolomite, and gypsum in areas of cavernous or
karstic features. Granite and other igneous rocks are
included in this zone.

Assignment of each of Oklahoma'’s bedrock units to
one of these three zones is based on previous field
studies and on review of published and unpublished
geologic reports. Assignment of an area or rock unit to
a particular zone does not confirm or reject its suitabil-
ity for waste containment, as that can be done only
through detailed on-site exploration and testing of a
prospective site. Furthermore, the assignment does
not take into account any special engineering tech-
niques, such as use of clay liners, that might improve
long-term containment of waste in a somewhat per-
meable host.

Statewide distribution of bedrock units according to
this threefold zonal classification is presented by
Johnson and Luza (1980) on a map at a scale of
1:750,000 (an example of part of this map is shown in
Fig. 2). Such a map should be used as a preliminary
guide to the geologic suitability of bedrock units as
host rocks for near-surface disposal of industrial
wastes. Mapped boundaries between zones were

compiled from geologic maps referenced by Johnson
and Luza (1980), and the user may need to examine
those original maps for more detail.

Atotal of 35 different formations in Oklahoma con-
tain shale or clay units at least 50 ft thick that may be
suitable locally for geologic containment of industrial
wastes. These Zone 1 units are widely distributed in
Oklahoma, and their outcrops aggregate about 7,600
mi? (about 11% of the State); Figure 3 is generalized
from the original 1:750,000 map. Johnson and Luza
(1980) presented general descriptions of each of the 35
units, but detailed data for specific areas can be ob-
tained through the extensive list of references in their
report.

HYDROGEOLOGIC SCREENING

The location and characteristics of ground-water
sources are important in judging the suitability of a
region or a site for waste disposal. Recharge areas for
aquifers should be avoided, to prevent possible con-
tamination of ground-water supplies. Oklahoma’s
principal aquifers are stream and river deposits (allu-
vium, terraces, and the Ogallala Formation), lime-
stones, sandstones, and gypsums. Areas not underlain
by principal aquifers consist mainly of shales,
siltstones, and some sandstones that commonly yield
only enough water for household use.

Most reports on the ground-water resources of
Oklahoma have been released by the Oklahoma Geo-
logical Survey, the Oklahoma Water Resources Board,
and the U.S. Geological Survey. Upon review of all
hydrologic reports by these and other publishing

Outcrops of Zone 1 areas,
where exposed rocks are
predominantiy shale or clay
units at least 50 ft (15m)
thick. Other areas are in
Zone 2 (may localtly include
some outcrops of shale or
clay) or Zone 3 (few or no

outcrops of shale or clay).

' 650 Mil
80 KM

Figure 3. Map of Oklahoma showing areas likely to contain Zone 1 bedrock units generally favorable for near-surface
disposal of industrial wastes. Modified from Johnson and Luza (1980).
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agencies, two maps were compiled at 1:500,000 to
show the principal ground-water resources and re-
charge areas in Oklahoma (Johnson, 1983): one map
shows the bedrock aquifers and recharge areas; the
second map shows the unconsolidated alluvium and
terrace deposits. Alluvium and terrace deposits are
shown on a separate map because they are abundant
and would largely mask information on the distribu-
tion of bedrock aquifers.

Johnson (1983) compiled a comprehensive bibliog-
raphy and index map of reports dealing with ground-
water resources in Oklahoma.

Bedrock Aquifers and Recharge Areas

Oklahoma’s bedrock aquifers are widespread and
differ in composition (Fig. 4). Most aquifers are sands
or sandstones (Antlers, Cedar Hills, Elk City, Garber-
Wellington, Noxie, Ogallala, Oscar, Rush Springs-
Marlow, Vamoosa-Ada aquifers); some are mainly
limestones or dolomites (Arbuckle-Timbered Hills,
Keokuk-Reeds Spring, Roubidoux—Gasconade-Emi-
nence, Simpson-Arbuckle aquifers); one is predomi-
nantly gypsum (Blaine aquifer); and one is mainly frac-
tured novaculite and chert (Arkansas Novaculite—

Bigfork aquifer). The aquifers range in thickness from
100 ft to several thousand feet. Depths at which fresh
ground water can be obtained range from less than 100
ft to more than 1,000 ft.

Aquifer-recharge areas must be identified (Fig. 5) to
control waste-disposal activities that could adversely
impact ground-water resources. “Recharge areas” are
parts of the land surface where surface water (precipi-
tation, surface runoff, streams, rivers, and lakes) enters
the subsurface and eventually migrates downward to
the zone of saturation in an aquifer. In some areas,
bedrock aquifers also may be recharged where the
aquifer is overlain by confining strata, such as shales
and siltstones, that have low permeabilities and nor-
mally prevent or inhibit the movement of ground
water. Such recharge may occur where the confining
strata contain one or more of the following: (1) con-
tinuous or discontinuous layers with higher perme-
ability; (2) joints, fractures, faults, or other structural
discontinuities; and (3) boreholes, mine shafts, or
other man-made excavations. Any of these natural or
artificial features that penetrate the confining strata
into the underlying aquifer represent potential local
pathways for surface waters to enter the aquifer.

Mapping known or potential recharge areas for

An Antlers Sandstone

AB Arkansas Novaculite and
Bigfork Chert

AT Arbuckle and Timbered
Hills Groups

B! Blaine Formation

Ce Cedar Hills Sandstone

El Elk City Sandstone

GW Garber and Wellington
Formations

KR Keokuk and Reeds Spring Fms.

No Noxie Sandstone

Og Ogallala Formation

Os-a Oscar Group (area 1)

Symbols for aquifers

Os-b Oscar Group (area 2)
RGE Roubidoux, Gasconade, and
Eminence Fms.
RM Rush Springs and Marlow Fms,
SA Simpson and Arbuckle Groups
VA Vamoosa Formation and
Ada Group

Figure 4. Map showing bedrock aquifers in Oklahoma (modified from Johnson, 1983).
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Figure 5. Map showing distribution of the Garber—
Wellington and Oscar aquifers and their recharge areas
in central Oklahoma (modified from Johnson, 1983).

various bedrock aquifers (Fig. 5) is based upon the
surface geology of Oklahoma and the relationship of
outcropping rocks to aquifers. On the bedrock-aquifer
map, areas characterized as “recharge areas” include:
(1) outcrops of the aquifer itself, and (2) outcrops of
overlying porous and permeable rocks hydraulically
connected with the aquifer. “Potential recharge areas”
shown on the map include: (1) areas where an aquifer
is overlain by confining strata that may contain natural
or artificial pathways that could permit downward
movement of surface water to the aquifer, and (2)
additional safety zones that generally extend 4 miles
beyond the known limits of an aquifer. The safety
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zones extend an arbitrary, yet conservatively reason-
able distance from the aquifers, to protect areas that
may have a hydrogeologic impact on the recharge of
the aquifer, as well as areas that may overlie unknown,
lateral extensions of the aquifer.

Because the known and potential recharge areas are
critical to the State’s bedrock aquifers, special care
must be taken in the utilization of these lands. In par-
ticular, special attention must be exercised in storage
or disposal of waste materials that contain leachable or
liquid contaminants that could degrade the quality of
water within or flowing across the potential recharge
areas. Even greater care must be exercised to protect
the quality of water within or flowing across the known
recharge areas.

Bedrock aquifers underlie about 27,000 mi? of Okla-
homa (about 39% of the State), and an additional 7,000
mi? (about 10% of the State) are potential recharge
areas: thus, about 49% of the State is underlain by
bedrock aquifers and their known or potential re-
charge areas.

Alluvium and Terrace Deposits

The second hydrologic map in this series (Johnson,
1983) shows the distribution of principal Quaternary
alluvium and terrace deposits in Oklahoma. These
deposits consist mainly of unconsolidated sand, silt,

_clay, and gravel laid down by rivers and streams that

flow generally to the east and southeast across the
State: part of the statewide map is reproduced in Fig-
ure 6. In Oklahoma, alluvium and terrace deposits
typically are 10 to 50 ft thick, although locally they are
nearly 100 ft thick along some of the major rivers.

Many alluvial and terrace deposits contain highly
porous and permeable sand and gravel layers, and
these deposits typically contain important ground-
water resources. Although not all alluvial or terrace
deposits contain important ground-water aquifers,
such aquifers are common enough that each deposit
should be considered a potential water resource until
proved otherwise.

Recharge areas for ground-water resources in allu-
vium and terrace deposits are essentially coextensive
with the deposits themselves, because almost all
ground water contained in these deposits results from
downward percolation of water from the land surface.
Surface waters that recharge these deposits include
precipitation, surface runoff, and streams and rivers
that flow across the unconsolidated material. The
other locally significant source of ground water in allu-
vium and terrace deposits is upward or lateral flow
from underlying bedrock formations.

SUMMARY

The Oklahoma Geological Survey has been success-
ful in developing statewide reports and maps showing
general suitability of bedrock units for near-surface
disposal of industrial wastes, and showing principal
ground-water resources and recharge areas. These
reports and maps are valuable in setting forth hydro-
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Figure 6. Map showing distribution of unconsolidated alluvium and terrace deposits in central Oklahoma (modified from

Johnson, 1983).

geological screening characteristics for siting of dis-
posal facilities and in enabling a preliminary screening
of large regions of the State to identify potential dis-
posal sites. It must be-understood that these reports
and maps do not replace the need for site-specific
investigations to prove (or disprove) the suitability of a
site to safely contain waste materials. At present, the
data prepared under this program are being utilized by
the Oklahoma State Department of Health in adminis-
tering their waste-disposal program, and by the Okla-
homa Corporation Commission in regulating the stor-
age or disposal of oil-well drilling fluids.
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ABSTRACT.—An increasing amount of ground water is used as a freshwater resource every
year. Roughly 95% of the world’s usable fresh water, not including icecaps and glaciers,
comes from ground water. Approximately 50% of all U.S. residents rely on ground water as
their primary source of drinking water (Council on Environmental Quality, 1981). Contami-
nation of ground water has gone unnoticed in the past because the ground water around
waste-disposal sites was not used for public drinking supplies. As the number of instances
of ground-water contamination due to waste disposal activities continues to rise, much
attention has been focused on technologies for protecting ground water and measures for
contamination monitoring at waste-disposal facilities.

INTRODUCTION

Ground-water contamination can occur by three
main mechanisms: (1) natural processes; (2) waste-
disposal activities such as solid-waste landfills, haz-
ardous-waste landfills, or deep-well disposal; and (3)
spills, leaks, and agricultural activities and other
sources unrelated to disposal (Patrick and others,
1983). :

Waste-disposal activities with the greatest potential
for releasing contaminants to ground water are the
land-based activities such as landfills. Landfills can
accommodate a broad variety of wastes at a reasonable
cost, and they can also accept residues from other
waste-treatment methods. This paper will focus on
aquifer-protection technologies and ground-water
monitoring related to land-based disposal, especially
landfills.

AQUIFER PROTECTION

Physical methods of ground-water protection at
waste-disposal landfills consist of liners, capping, and
surface-water control measures (Canter and Knox,
1987). These measures are all designed to minimize the
amount of moisture reaching the waste and/or leaving
the waste-disposal site. In order to remove any liquids
that do encounter waste materials, leachate detection
and collection systems are also utilized. The 1984
Hazardous and Solid Waste Amendments (HSWA) of
the Resource Conservation and Recovery Act (RCRA)
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addressed the issue of liners and leachate collection. It
was established that certain landfills and surface im-
poundments would be required to use “two or more
liners and a leachate-collection system above (in the
case of landfills) and between such liners.” A minimum
double-liner system composed of a single flexible-
membrane liner (FML) overlying a 3-ft-thick com-
pacted-clay liner was allowed under HSWA, pending
issuance of EPA regulations or guidance documents
(Richardson and Koerner, 1987).

EPA draft Minimum Technology Guidance (MTG)
Documents for liners and leachate-collection systems
were made available on December 20, 1984 (U.S. Envi-
ronmental Protection Agency, 1985a). In the draft
guidance document, EPA defines performance re-
quirements for two designs that it feels meet minimum
technological requirements for hazardous-waste
landfills. The two designs are the synthetic-liner/clay-
liner system and the synthetic-top-liner/composite-
bottom-liner system. Both designs are shown in Figure
1. A current alternative double-liner system incorpo-
rates a composite-FML/clay-liner system in place of
the primary and the secondary FML, as shown in Fig-
ure 2. However, the primary-leachate-collection sys-
tem is designed to minimize the depth of leachate on
the top of the liner and to effect the removal of liquids.
The secondary-leachate-collection system is designed
to detect leaks in the top liner and to drain off any lig-
uids, should leakage occur in the primary section.

In addition to the use of double-liner systems, the
waste-disposal site is also required to minimize the
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Figure 1. Hazardous-waste landfill liner systems (U.S. Environmental Protection Agency, 1985a).

amount of surface water entering the disposal zone,
particularly during the post-closure monitoring pe-
riod. Figure 3 shows a proposed RCRA guidance final
cover and drainage system (Richardson and Koerner,
1987). :

In discussing aquifer-protection measures for
waste-disposal facilities it is important to delineate the
potential shortcomings or deficiencies in the tech-
nologies. Discussed below are some of the major is-
sues associated with aquifer-protection measures at
hazardous-waste-disposal facilities.

Subtitle C of RCRA mandates that all hazardous-
waste landfills must have a liner system capable of
preventing migration of liquids from the disposal site
for the active life of the waste unit through scheduled
closure. In effect, this requirement mandates the use

of a synthetic material as the primary liner at hazard-
ous-waste-disposal sites. Thus, containment of con-
taminants at landfills is attempted with one or more
synthetic liners, with or without a compacted-clay
liner in parallel. It is now widely recognized that abso-
lute containment at landfills is impossible (Cartwright
and others, 1981; Domenico, 1982). Burman and oth-
ers (1985) examined a large number of hazardous-
waste-landfill case studies from the literature and
found 27 cases of leakage from 39 sites. Waste escaped
in 69% of the cases studied, and the average life ofa
landfill before a breach of containment occurred was
14 years.

Regardless of waste type, leachate will be formed
when the liquid-holding capacity of the landfill is sur-
passed. Leachate is produced when infiltration from
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rainfall, surface drainage, and/or ground water intru-
sion combine with the inherent moisture content of
the waste to exhaust its liquid-holding capacity. The
use of leachate-control systems at disposal facilities is
designed to maximize the containment and removal of
leachate from disposal zones before it can migrate into
ground water, or in some cases into surface waters. A
major issue associated with leachate collection is the
significant volumes of leachate that can be generated.
EPA’s Office of Solid Waste has estimated that an aver-
age land-disposal site, 17 acres in size and with an
annual infiltration of 10 in. of water, can generate 4.6
million gallons of leachate per year for 50 to 100 years
(Canter and others, 1987).

When a landfill is full and closed, it must be covered
with an impermeable clay or synthetic cap accompa-
nied by surface-water drainage measures designed to
prevent surface water from entering the disposal zone.
RCRA guidelines require the use of a low-permeability
layer consisting of at least 2 ft of clay and a 20-mil-thick
flexible membrane (U.S. Environmental Protection
Agency, 1985b). The design considerations for the
cover differ significantly from those for liners. The
cover will not be exposed to leachate, but may be
breached by erosion or be collapsed due to settlement
within the waste material (Richardson and Koerner,
1987; American Institute of Professional Geologists,
1984).

GROUND-WATER MONITORING

The greatest concern with landfill disposal is the
possibility of contamination of freshwater aquifers by
downward migration of waste constituents from the
facility. Monitoring ground-water resources at waste-
disposal sites will indicate the occurrence of contami-
nation, so that remedial actions can be undertaken.
EPA requires interim-status facilities, which have cer-
tain classes of land-disposal units, to have a ground-
water-monitoring network capable of evaluating the
effects of waste disposal on ground water.

In September 1986, EPA published the RCRA
Ground Water Monitoring Technical Enforcement

- Guidance Document (TEGD), which is mainly directed
toward interim-status facilities. The TEGD addresses
the topics of (1) site characterization; (2) location and
number of ground-water-monitoring wells; (3) design,
construction, and development of ground-water-
monitoring wells; (4) content and implementation of
the sampling and analysis plan; (5) statistical analysis
of ground-water-monitoring data; and (6) content and
implementation of the assessment plan (U.S. Environ-
mental Protection Agency, 1986).

The basic requirements outlined in the TEGD are to
drill a minimum of 1 up-gradient and 3 down-gradient
wells, sample the wells for specific parameters on a
specific schedule, and statistically compare the up-
gradient to the down-gradient data to determine if
there was a statistically significant change which
would be indicative of ground-water contamination.
The ground-water-monitoring program can become
complex due to problems associated with location and

number of wells, sampling equipment, indicator
parameters, and statistical analyses. These issues are
discussed below.

Number and Location
of Monitoring Wells, Detection

The minimum number of monitoring wells re-
quired at RCRA facilities is 4—1 up-gradient and 3
down-gradient wells in the uppermost aquifer beneath
the facility. This regulatory minimum number of wells
is highly dependent on the characterization of site
hydrogeology (U.S. Environmental Protection Agency,
1986).

The purpose of a monitoring well up-gradient from
a disposal facility is to provide background ground-
water quality from the aquifer monitored by the down-
gradient wells. The number of up-gradient wells is
highly dependent on the site characterization and the
number of the depth-discrete comparisons of water
quality with down-gradient wells, as shown in Figure
4. In order to locate up-gradient wells, it is first neces-
sary to identify the ground-water flow direction.
Ground-water flow direction may be difficult to deter-
mine, as in the following instances (U.S. Environ-
mental Protection Agency, 1986):

1) Waste-management facilities located above
aquifers in which the ground-water flow direction
changes seasonally;

2) Waste-management facilities located close to a
property boundary that is in the up-gradient direction;

3) Waste-management facilities located in areas
where nearby surface water can influence ground-
water levels;

4) Waste-management facilities located near inter-
mittently or continuously used production wells; and

5) Waste-management facilities located in faulted
areas where fault zones may modify flow.

In addition to troubles in determining the location
of up-gradient wells, several issues of concern can be
noted about the down-gradient or detection monitor-
ing wells. The purpose of down-gradient wells is to
detect contaminant movement from the waste-
disposal facility. The number and location of the wells
are a function of the abundance, extent, and physical/
chemical characteristics of the potential contaminant
pathways, as well as ground-water flow direction, as
shown in Figure 4 (U.S. Environmental Protection
Agency, 1986). It is essential that the detection wells be
situated such that they intercept any contaminants
migrating off-site. In order to determine changes in
water quality, the detection wells must also be
screened and completed in the same formations as
their up-gradient counterparts. This is a feature that
cannot always be assured.

Several other deficiencies in the “1 up, 3 down”
requirements can also be identified. The requirements
do not adequately address the issue of vertical migra-
tion or vertical gradients between different formations.
The use of spatially and vertically varied monitoring
points is not as accurate as the use of spatially varied
well nests.
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Figure 4. Depth-discrete monitoring wells (U.S. Environmental Protection Agency, 1986).

A basic problem with the ground-water-monitoring
requirements is the inherent assumption of hydro-
geologic conditions. Simply stated, the status of the
subsurface (up-gradient versus down-gradient, verti-
cal migration, etc.) cannot be assessed until the sub-
surface is accessed. This points to the fact that subsur-
face characterization becomes a “catch 22” situation,
in that information retrieved from a borehole is
needed prior to siting and drilling the borehole.

The final issue associated with the ground-water-
monitoring requirements is that they represent an

“after the fact” approach. In essence, if your monitor-
ing-well network functions properly, you are able to
detect a problem with your disposal facility only after it
has become a problem.

Monitoring-Well Installation,
Purging and Sampling

There is no ideal monitoring-well installation
method for all purposes. It is necessary to consider
hydrogeologic conditions at the site and parameters to
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be sampled before deciding which drilling and devel-
opment method to use. The most widely used drilling
methods include air and water/mud rotary methods,
cable-tool methods, and auguring. Common develop-
ment techniques include air-lifting, purging and bail-
ing, and overpumping. It is extremely important that
the installation and development of a monitoring well
not cause ground-water contamination through alter-
ation of the subsurface conditions.

Prior to sampling a monitoring well, stagnant water
in casing storage is purged so that the well contains
only water representative of aquifer condition. The
amount of purging that is appropriate to obtain a rep-
resentative ground-water sample has been, and still is,
the subject of much controversy (Pennino, 1988).

Sampling equipment used to withdraw ground-
water samples must be based on consideration of the
parameters to be analyzed. Improper sampling equip-
ment can artificially bias water-quality analyses. The
obvious example would be the use of suction lift meth-
ods for samples to be analyzed for volatile constitu-
ents. EPA has developed a list of acceptable sampling
devices. »

A final point relative to sampling is the fact that
collection of an unbiased sample from a monitoring
well is not the end of the potential problems. Once a
sample has been collected, the issues associated with
preservation, transportation, chain-of-custody, labo-
ratory quality-assurance/quality-control procedures,
etc., must all be addressed. Discussion of these issues
is beyond the scope of this paper, but it is important to
note their potential impact on ground-water-monitor-
ing programs.

Monitoring Parameters

There are no limits to indicator parameter require-
ments used in ground-water monitoring at hazardous-
waste-disposal facilities. Generally, there are two
groups of indicator parameters—primary parameters
and priority pollutant parameters. Primary parameters
include temperature, pH, redox potential, chloride,
dissolved oxygen, and specific conductivity. Priority
pollutant parameters are outlined in 40 CFR Part
265.92 and include volatiles, base/neutrals, acid ex-
tractables, and pesticides.

Statistical Analyses

RCRA interim-status regulations specify that the
owners/operators of hazardous-waste facilities use a
Student’s -test for determination of any statistically
significant changes in the quality of ground water at a
disposal site. Other -tests that have been recom-
mended include Cochran’s Approximation to the
Behrens-Fisher t-test and the Averaged Replicate t-
test. The basic idea of these tests is that the mean val-
ues of chemical concentrations of samples from wells
up-gradient and down-gradient are compared. If there
is a statistically significant change in the mean value, it
might be indicative of contamination. The TEGD
specifies that owners/operators, in addition to these ¢

tests, may perform other ¢-tests as long as the method
is explicit and includes (U.S. Environmental Protection
Agency, 1986):

1) Aclear, understandable explanation of the meth-
odology;

2) Presentation and documentation of all the origi-
nal data used in the statistical-analysis procedure;

3) Literature-reference citations documenting
alternative t-test procedures; and

4) Adetailed explanation of how data were manipu-
lated and evaluated prior to the statistical analysis,
including goodness- of-fit testing, transformations,
less-than-detection-limit value manipulations, and
power evaluation.

Statistical -tests are based on a number of assump-
tions, including that the input data approximate a
normal distribution and that the data are indepen-
dent. In other words, sampling of the indicator param-
eters should be taken randomly, but this is not the case
in ground-water sampling procedure as outlined in
the RCRA regulations. In addition, the Student t-test is
based on the assumption that the variances of the two
populations from which the two sets of data are ob-
tained must be equal (Canter and others, 1987; U.S.
Environmental Protection Agency, 1986).

These assumptions have raised a number of com-
plex issues concerning the use of ¢-tests. The TEGD
specifies that owners/operators must submit a good-
ness-of-fit test to support the non-normality of sam-
ples, and use mean and variance estimates from other
distributions, such as the log normal, to solve the non-
normality of the data. Indeed, the regulations do not
allow use of other non- r-test statistical procedures
(e.g., nonparametric procedures which are less depen- .
dent on distributional assumptions) for interim-status
facilities (U.S. Environmental Protection Agency,
1986). McNichols and Davis (1988) stated that this is a
technically unsound regulation and does not promote
statistical procedures for use in ground-water moni-
toring. They also suggested that many realities sur-
round detection monitoring at hazardous-waste facili-
ties, and these realities must be considered before
using any statistical procedures. The realities are listed
in Table 1.

MONITORING THE VADOSE ZONE

Currently, monitoring in the vadose zone is re-
quired under RCRA only at land-treatment facilities.
Canter and others (1987) have identified more than 50
different available vadose-zone monitoring methods,
according to the soil characteristics to be monitored.
Selecting from these methods, monitoring in the va-
dose zone could be an early-warning detection of
ground-water contamination at landfill disposal facili-
ties.

EPA RESTRICTION ON LAND DISPOSAL

The 1984 amendments to RCRA require EPA to re-
strict continued land disposal of untreated wastes
where such disposal is not protective of human health
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TaBLE 1.—REeALITIES oOF GROUND WATER DETECTION MONITORING

Reality #1. The purpose of detection monitoring is to pro-
vide an early warning of impending contamination, at
relatively low cost to the regulated facility.

Reallty #2. So long as monitoring data is subject to ran-
dom variability, every monitoring decision involves
statistical risks that should not be ignored.

Reality #3. A positive finding of suspected contamination
in just one monitoring parameter at one well is enough
to trigger an entry into compliance monitoring; and any
evaluation of false positive rates must take this into
account.

Reality #4. On the other hand, a statistical procedurs
should have a high probability of correctly detecting
the presence of even a single contaminant present at
just one well; i.e., it should have high power.

Reality #5. Both risk of false positives and power build
across time. '

Reality #6. Measurements of ground water parameters
are subject to several kinds of inherent random vari-
ability. Since “statistically significant” means “extreme
with respect to inherent random variability,” all of this
variability must betaken into account.

Reality #7. To be statistically independent, samples must
be taken on separate sampling occasions, separated
in time.

Reality #8. Measurements of several reasonable moni-
toring parameters, including those that may eventually
be found to be most effective, are often at or below a
“detection limit."”

Reality #9. The detection limit is itself a statistical con-
cept, which deserves further study for application in
this context.

Reality #10. Most common statistical techniques do not
adapt wel! tc data with more than a small preportion of
“less than detection limit” measurements.

Reality #11. The shapes of the statistical distributions of
measurements of monitoring parameters and the
actual statistical properties of detection limits are dif-
ficult to ascertain with the amounts of data generally
available.

Reality #12. When all of the other realities are taken into
account, Anderson’s law (see preceding) applies.

Reproduced from McNichols and Davis, 1988.

and the environment. The EPA land-disposal-restric-
tions program is being implemented in five separate
rulings which will put an end to untreated waste dis-
posal by May 1990 (Robertson and Shadizadeh, this
volume). A survey done by the Environmental and En-
ergy Study Institute (1987) shows that “there is wide-
spread belief that many of the land disposal restric-
tions will not be implemented by EPA in the time table
set out in the law because there will be significant
shortfalls in needed waste treatment capacity, source
reduction, and recycling.” And that “there is general

agreement that the land disposal restriction will have

to be met through the use of source reduction/recy-
cling and incineration and other existing treatment
technologies which will not be available in time and
face major regulatory obstacles.”

COST OF LAND DISPOSAL

Currently landfills are the cheapest way to dispose
of waste. Concern about ground-water protection,
finding suitable sites, and complex design and opera-
tion requirements under new regulations (Subtitle D
Regulation of August 1988), will make landfills much
more expensive. In addition, the degree of cost will
depend on the level of treatment required under EPA’s

restrictions on land disposal (Glebs, 1989).

The National Solid Wastes Management Associa-
tion (Solid Waste Management Newsletter, University
of Illinois, 1989) estimated that, under the new re-
quirements, the costs of a landfill with a 100-acre site,
a life of 20 years, and a post-closure period of 30 years
will be as follows:

$0.2 million ~ Site characterization

$2.0 million Preliminary development (including
hydrogeologic and geotechnical
studies)

$42.0 million Final development (including liner,
leachate-collection systems, leachate
management, surface-water controls,
final cover construction, and ground-
water-monitoring systems)

Environmental management (includ-
ing well maintenance and testing, and
analysis of ground-water samples)

$13.0 million Post-closure care (assuming 20 wells
and semi-annual testing).

The total cost is estimated to be $64.2 million. From
these figures it is obvious that future land-based dis-
posal will become a tremendously expensive alter-
native.

$7.0 million
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RECOMMENDATIONS

From the foregoing discussion, a group of broad-
based recommendations can be developed regarding
aquifer protection and ground-water monitoring at
hazardous-waste-disposal facilities. The first recom-
mendation is to minimize land-based disposal. It is
imperative that alternative treatment technologies be
developed and resource-recovery technologies be uti-
lized to minimize the amount of hazardous wastes ul-
timately put on or in the ground. By minimizing land-
based disposal, the problems associated with aquifer
protection and ground-water monitoring can also be
minimized.

A second recommendation is to expand the level of
sophistication of site-characterization studies. Specifi-
cally, the use of tracer tests for delineating the hydro-
geology beneath proposed and existing hazardous-
waste-disposal facilities should be required. Current
approaches to subsurface characterization fall far
short in describing the subsurface with any degree of
reliability.

A third recommendation is to make expanded use
of available geophysical technologies. Geophysics has
long been used in the search for oil and gas in order to
minimize expensive exploratory-drilling programs.
The same principles should be applied to ground
water. Although never intended to replace boreholes,
piezometers, and monitoring wells, certain geophysi-
cal techniques can aid in the proper siting of required
monitoring points.

A final recommendation is to expand the require-
ments for vadose-zone monitoring. Early detection of
releases to the subsurface can minimize the time, ef-
fort, and costs of remedial actions. The use of ground-
water monitoring as a means of facility management is
an inefficient and expensive approach. A successful
ground-water detection system means an unsuccess-
ful disposal facility. A successful vadose-zone detec-
tion system could rescue a failing disposal facility, and
also preserve underlying ground-water resources.
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Impacts and Citizen Concerns
of a Hazardous-Waste Disposal Facility

Linda M. Walker
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Bartlesville, Oklahoma

ABSTRACT.—The Resource Conservation and Recovery Act of 1976 (RCRA) has provided the public
with the greatest degree of protection in history. Many problems associated with hazardous-waste
disposal were not known when RCRA was enacted. Although several of these problems have been
corrected, siting and public participation continue to cause difficulties. RCRA provisions allow a
minimal level of contamination and do not address reduction of waste production. The public does
not accept this approach, which deals with a problem after it occurs.

Oklahoma has a history of citizen groups opposing commercial hazardous-waste disposal facili-
ties which predates RCRA. Examples of these actions are a USPCI landfill in Creek County in 1975,
BFl injection well in Rogers County in 1979, Scipio Farms, Inc. landfill in Pittsburgh County in 1980,
and Material Management Corp. landfill in Greer County in 1984. Other examples are the ESI injec-
tion well in Washington County in 1984, Southwest Resources Management Corp. injection well in
Kay County in 1985, Chief Chemical Co. incinerator in Wagoner County in 1986, and O’Landis Corp.
incinerator in Cimarron County in 1988. Citizen opposition is not limited to Oklahoma.

Citizen opposition groups share common characteristics and development. Groups are moti-
vated to form when local citizens become aware of plans to site a facility. The preliminary public
notice to issue a draft permit with deadlines for pubic action creates shock and anger. Groups origi-
nate in the county of the proposed facility and adjacent counties. They utilize volunteer expertise.
Upon learning of the specific role of the Oklahoma State Department of Health (OSDH), the groups
develop distrust for the OSDH. Organized citizen groups successfully lobby the State Legislature for
their special interests. After their goals are achieved the groups become inactive. Individual knowl-
edgeable citizens continue environmental activities.

The issues that citizen groups want addressed which are not included in permit requirements can
be divided into two categories: immediate concerns and value concerns. Immediate concerns are
unavoidable contamination, water-supply contamination, site abandonment, transportation, acci-
dent response, and property values. Value concerns involve community image, legacy to future
generations, elimination or reduction of waste, and risk perceptions.

Public participation in siting commercial hazardous-waste disposal facilities is not a public-
relations problem. If citizen involvement starts after the public notice to issue a draft permit, it will
be unsuccessful. A plan to implement public involvement would take four steps. The first step would
be general public education on hazardous-waste production and disposal. The second step would be
a parallel education effort targeted at generators and the public as consumers to minimize hazard-
ous waste by source-reduction techniques. The third step would be a regular forum to exchange in-
formation, share problems, and generate ideas. It would be an open dialogue, with participation by
citizens, regulatory agencies, industry, and university educators. The fourth step would be to involve

. citizen experts in regulatory-agency activities and in assisting industry to address concerns during
the preliminary stages of siting a disposal facility.

INTRODUCTION

The Resource Conservation and Recovery Act of
1976 (RCRA) placed a major emphasis on strenuous
regulation of hazardous waste. RCRA was enacted
without comprehensive knowledge by government,
industry, or the public of the true complexity and
depth of the problems of hazardous-waste disposal.
The full dimensions of the problem of inadequate or
deplorable waste-disposal practices did not become
known until Love Canal in 1978. Then, decades of
public apathy immediately became public anxiety. The
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new RCRA regulations in place were not designed to
address extreme existing contamination by historical
practices. The locating of new disposal sites was dele-
gated solely to the facility owners/operators. The regu-
latory role was to grant or disapprove permit applica-
tions. RCRA established procedures for public partici-
pation to begin after the notice to issue a draft permit
(Conservation Foundation, 1983). It became apparent
that the purpose of RCRA is to minimize risk and not to
eliminate risks to citizens or future generations. RCRA
regulations actually provided the greatest degree of
protection ever for the public.
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This position of knowingly allowing the eventual
entry of unknown quantities of hazardous wastes into
aquifers, soil, and air—however minimal—has been
unacceptable to the public, even when the risks are
understood (Williams, 1980). Later in the 1980s, fur-
ther federal legislation addressed contaminated site
clean-up and enacted more restrictive waste-disposal
practices. Yet the legacy of problems of siting hazard-
ous-waste disposal facilities has remained with us with
the concept of minimizing risk rather than eliminating
it. Siting is not a public-relations problem, and it can-
not be solved with public-relations solutions. Even a
well-informed citizenry that understands and accepts
that there are by-products of a technical society will
not accept an approach that deals with a problem after
it occurs. Citizens feel that the focus of regulation
should be on techniques which eliminate hazardous
waste rather than facilitate disposal.

HISTORY OF CITIZEN OPPOSITION

There has been a consistent history in Oklahoma of
citizen involvement affecting or halting the siting of
commercial hazardous-waste-disposal facilities that
predates the RCRA regulations (Ice, 1989).

1) United States Pollution Control, Inc. Landfill,
Creek County, near Slick, 1975. Massive public resist-
ance and objections resulted in suspension of the
granted permit (Ice, 1989).

2) Browning-Ferris Industries. Injection well, Ca-
toosa, Rogers County, 1979. Allen West, private citizen,
was first to start opposition at the permit stage prior to
construction. A public hearing was held, and the com-
pany withdrew the application (Texas Water Commis-
sion, 1987).

3) Scipio Farms, Inc. Landfill, Pittsburgh County,
1980-81. Public opposition existed, and the Oklahoma
State Department of Health (OSDH) rejected the per-
mit on the grounds of site suitability (Ice, 1989).

4) Material Management Corp. Landfill, Mangum,
near Haystack Mountain, Greer County, 1984 to pres-
ent. The facility is opposed by the Haystack Environ-
mental Group. The draft permit was granted in 1985,
and public meetings were held. In 1986 a legislative
moratorium went into effect. After OSDH determina-
tion of the need for a new permit application by the
company in August 1989, this case went into the courts
(Ice, 1989).

5) Environmental Solutions, Inc. Injection well,
Ramona, Washington County, 1984 to present. The
facility is opposed by the Toxic Waste Impact Group
(TWIG). The notice for the draft permit was issued in
November 1984, and a public meeting was held in
April 1985. After the construction permit was granted
in August 1985, TWIG took the determination to dis-
trict court. The latest court decision is being appealed
by the OSDH in the State Supreme Court (Agnew,
1989).

6) Southwest Resources Management Corp. Injec-
tion well, Kay County, 1985-86. This injection well was
opposed by Northern Oklahoma Environmental Pres-
ervation, Inc. The public meetings held by citizens’

groups were well attended. After the 1986 moratorium,
the applications were never completed (Muegge,
1989).

7) Chief Chemical Co. Incinerator and additional
storage, Wagoner County, 1986 to present. Chief
Chemical has been opposed by NOWASTE. The com-
pany owner withdrew the application for an incinera-
tor permit, but the permit for storage is still pending.
Operator is suing OSDH (Ice, 1989).

8) O’Landis Corp. Cogeneration with incineration,
Black Mesa area, Cimarron County, 1988-89. Proposed
facility would be located on school lands. No applica-
tion for permit has been filed. No formally organized
local group has appeared, but the Oklahoma Wildlife
Federation has been active in a public campaign
against the project. The operator has expressed a de-
sire to apply the Keystone Siting Process to this siting
proposal (Ice, 1989). The Keystone Siting Process is
designed to identify and resolve controversial siting
issues outside the established regulatory framework.
Developed by a diverse group of people from Texas,
the fundamental element is public participation
(Texas Water Commission, 1987).

DEVELOPMENT

Strong negative reactions to commercial hazard-
ous-waste disposal sites by local groups has not been
restricted to Oklahoma. California (Johnston, 1986),
Texas, Illinois, and South Carolina (Breveton, 1980)
have been scenes of intense conflict. Characteristi-
cally, opposition groups form when local citizens be-
come aware of plans to site a facility. If a community
learns of a fully planned facility through a public no-
tice to issue a draft permit published in the local news-
paper, they are immediately shocked and angered.
The deadlines imposed by the RCRA public-comment
period galvanize entrenched public opposition that
quickly becomes organized. Those feelings can not be
erased by public-relations techniques applied after the
notification.

Somewhere in the process, the group learns that the
role of the state department of public health is only to
rule on the technical merits of the permit as submitted
by the operator. They are not required to do any on-
site evaluation by qualified experts, nor can they con-
sider any aspects other than technical merits. The citi-
zens feel betrayed again. The expression of loss of faith
in the protection of the public by the state health de-
partment is the most common statement heard from
local citizens groups (Agnew, 1989; Johnston, 1986;
Muegge, 1989; O’'Mara, 1980; West, 1989). At this point,
they feel they have no official voice, and must depend
upon themselves alone.

Organized opposition groups are generally re-
stricted to the county of the proposed site and neigh-
boring counties. They are not affiliated with any na-
tional groups. Most often these groups rely on the
expertise of volunteers to develop their arguments.
Occasionally, they will pay for outside consulting.

In Oklahoma, the course of action has been to turn
from regulatory agencies to legislative solutions to



Citizen Concerns 35

address the citizen-group concerns. They begin to
lobby at the State Legislature. The technique has been
effective, and resulted in several pieces of legislation in
the past four years. In 1986, the Haystack Environ-
mental Group, the Toxic Waste Impact Group, and
Northern Oklahoma Environmental Preservation, Inc.,
with the support of recognized state environmental
groups, successfully passed a one-year moratorium on
permitting of off-site controlled-industrial-waste
(hazardous) disposal sites (Ice, 1989).

After the goal for organized opposition has been
achieved, these local groups become inactive. How-
ever, the community involved is now continuously
aware of events involving hazardous materials, knowl-
edgeable about government procedures, and much
more attentive to environmental issues in general.
They raise alarms about other issues and offer their
hard-won skills to other citizen groups. Often one or
more persons from each group develop second careers
participating in environmental issues at all levels.
Their knowledge becomes sought by other citizens,
groups, and government agencies.

CITIZEN CONCERNS

The issues that local citizen groups want addressed
which are not included in permit requirements can be
divided into two groups: immediate concerns and
value concerns.

Immediate Concerns

1. Unavoidable contamination. To what extent
would unavoidable incidents cause contamination
and what safeguards have been developed for inevi-
table human error? The public fully understands that
accidental discharges will happen, despite the best
planning.

2. Contamination of water supply. In Oklahoma,
this is a pervasive and real fear based on historical
experience with earlier oil-field development prac-
tices. The general public does not view contamination
of a drinking-water source or potential drinking-water
source as a-“white collar” economic crime. They per-
ceive it as a felony.

3. Site abandonment. What happens after the opera-
tor is gone? Once again, historical practices and bank-
ruptcy laws have created an atmosphere of distrust.
Communities are uncomfortable with the regulatory
requirement of 30 years of monitoring. They want a
total commitment of responsibility.

4. Transportation. Even though the perceived risk of
transported hazardous waste may be erroneous, truck-
ing practices since the deregulation of the trucking
industry and the condition of many state highways
and county roads raise some legitimate questions for
citizens. Disposal-facility operators perhaps should
plan for control of transportation to their facility. A
partial solution might be assessments by the State
Highway Department and the Department of Public
Safety.

5. Accident response. This issue could be addressed
by initiating training, providing necessary equipment,
and installing safeguards for both facility personnel
and local safety officials. Local officials should be in-
volved in the earliest stages of planning.

6. Property values. Although concern about prop-
erty values may seem selfish to an outsider, they are
real to a community. Once again, the operator should
plan from the beginning to provide a compensatory
arrangement, or proof that devaluation will not occur.

A complete discussion of these and 10 other issues
can be found in a handbook published by the Conser-
vation Foundation (1983).

Value Concerns

The second list of concerns of citizens may seem
more difficult to address, but they are just as impor-
tant:

1. Community image. Regardless of the economic
situation in an area, a commercial disposal facility will
be viewed as threatening to a community’s image. It is
considered an insult made by outsiders to the local
culture. No one wants to be a garbage dump. Neither
do they wish to be designated the recipients of waste
from other regions. A local industry that upgrades on-
site disposal practices will usually not be seen as
threatening.

2. Legacy to future generations. One of the greater
environmental issues that has arisen in the past two
decades is how our misuse of natural resources will
impact our children and grandchildren. If a hazard-
ous-waste disposal facility is unable to demonstrate
that its function will improve natural resources and
decrease degradation, then its operations will be con-
stantly under attack.

3. Elimination or reduction of waste. One of the first
questions a group will ask is, “Why do we have to have
hazardous-waste disposal facilities? Why don’t they
eliminate hazardous waste?” This is a reasonable ques-
tion. Because regulatory attitudes established in the
1970s have focused on disposal, the public feels that
this does not put enough pressure on generators to
actually reduce hazardous waste. Fortunately, we are
starting to see a change in this attitude. A full commit-
ment will need legislative support. Commercial haz-
ardous-waste disposal facilities would do well to con-
sider offering source-reduction technology to their
customers, as well as disposal.

4. Risk perception. Industry, government, and the
public have differing views on the acceptance of risk.
The public trend toward demanding a risk-free society
is unrealistic. Government agencies are so over-
whelmed by mandates from the public, industry, and
legislative bodies that they tend to use risk assessment
as a method for prioritizing work plans and a reason
for nonaggressive action in regulatory enforcement.

Industry find themselves in the position of being the
ultimate expert on the effects and handling of any
hazardous materials. Their very familiarity can lead to
an “old news” attitude when they are sharing the infor-
mation with the public (Thayer, 1989). “Scientists and
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government and industry representatives often believe
the public will understand if they just can get all the
facts.” John F. Ahearne of the National Research Coun-
cil said, “Conflicts about risks, however, are often
about values, not facts. And when differences in values
are involved, even the best risk communication cannot
improve the situation. Poor communication, however,
can hurt it” (Hanson, 1983). The temptation to simplify
risk perception by comparing various types of risks
should be avoided. Such an approach only creates
distrust.

CONCLUSION

Society as a whole has come to recognize the scope
and complexity of dealing with the hazardous-waste
by-products of our 20th Century lifestyles. Certain
areas of agreement already exist. An approach includ-
ing the public, industry, and government, which de-
lineates areas of responsibility and leads to solutions,
must be created. It should be acknowledged that to
start this process with a facility site, announcement is
futile.

PLAN FOR PUBLIC INVOLVEMENT

A plan to implement public involvement and re-
sponsibility prior to the filing of an application for a
draft permit for a hazardous-waste disposal facility
would take four steps.

The first step should be a basic education program
for the entire state, whether targeted for siting or not. It
would include the production of hazardous waste re-
lating to the lifestyle and health of our society, the
need for regulated disposal sites after all other mea-
sures have been taken, the specific role of regulatory
agencies, and consequences of improper handling and
illegal dumping. This can be done by a series of press-
released stories, media specials, school programs, and
town meetings in every county seat. State government
and private foundations could lead this education
effort.

A second parallel education effort would be tar-
geted at generators and the public as consumers. The
emphasis here would be on a mandate to instigate
source reduction, reclaiming, and recycling. The regu-
latory role, the role of the consumer, and complete
economic impacts should also be covered. The state
government and trade associations should assume
responsibility for designing and developing this infor-
mation effort. »

The third step would be establishment of an open,
ongoing dialogue among industry, citizens, state agen-
cies, and even university educators. This should be a
regular forum, and totally unrelated to any specific
siting issue. Participating citizens will have to leave
their emotional issues at home. All issues would be
explored, and all parties must be willing to openly
provide answers without demeaning any questions by
the other parties. Besides sharing technical data, rais-
ingissues, and exploring solutions, industry and regu-

latory agencies would benefit from invaluable consult-
ing on potential problems and possible approaches
from citizen experts. Universities would be neutral
locations for these regularly scheduled dialogues.

The fourth step is public participation, particularly
participation by local citizens—not Oklahoma City
lobbyists. Public participation has been portrayed as
costing money, being time-consuming, and a general
hassle. However, when a company begins to consider
siting a facility, it would be able to address many of the
citizens’ pressing concerns before they become flam-
ing issues.

An open attitude on the part of state agencies to
involve citizens in planning programs—and even
seeking qualified citizen input on permit assessment,
even if it is non-binding—would do a great deal to
enhance the State’s credibility for handling hazardous-
waste problems. Those expert lobbying skills devel-
oped by citizens could be enlisted to increase staff
expertise and strengthen needed enforcement mecha-
nisms.

A public-involvement program would be a step to-
ward addressing citizen concerns and alleviating pub-
lic opposition to facility siting. Connie Weis O'Mara, in
an address on community concerns about hazardous
waste to the National Governors’ Association 10 years
ago, summarized citizen concerns with this statement:
“Short-term financial accommodation is simply out-
weighed by the need to assume to the greatest extent
possible that our drinking water supplies and air qual-
ity will not be polluted and that we will not suffer from
acute or chronic health effects as a result of improper
hazardous waste management practices” (O’Mara,
1980).

REFERENCES

Agnew, Shauna, 1989, Private communication: Toxic Waste
Impact Group, Ramona, Oklahoma.

Breveton, Barbara, 1980, Siting hazardous waste facilities—
a dialogue: LWVEF, Washington, D.C.

Conservation Foundation, 1983, Siting hazardous waste
management facilities, a handbook: Washington, D.C.

Hanson, David, 1989, Public’s misconceptions act to bar
effective risk communication: Chemical and Engineer-
ing News, September 25.

Ice, John, 1989, Interview: Public Relations, Oklahoma State
Department of Health.

Johnston, Joyce, 1986, Interview: Kern County Valley Action
Network, Bakersfield, California.

Muegge, Paul, 1989, Interview: Citizen of Tonkawa, Okla-
homa.

O’Mara, C. W., 1980, Community concerns about hazardous
waste: National Governor's Association.

Texas Water Commission, 1987, Your community and the
Keystone siting process.

Thayer, A. M., 1989, Alar controversy mirrors differences in
risk perception: Chemical and Engineering News, Au-
gust 26.

West, A. D., 1989, Interview: Citizen of Catoosa, Oklahoma.

Williams, T. F., 1980, Waste facility siting-—a public dilemma:
LWVEF Seminar on Improving Citizen Participation in
Waste Facility Siting, Washington, D.C.



Oklahoma Geological Survey Special Publication 90-3

Relation of Waste Disposal to Industrial
and Economic Development in Oklahoma

Julius Kubier
Vice President of Industrial Development

Oklahoma State Chamber of Commerce and Industry
Oklahoma City, Oklahoma

Ken Harwood
Executive Director
Oklahoma Beverage Industry Recycling Program
Sapulpa, Oklahoma

ABSTRACT.—Oklahomans have not been paying the full costs of their waste disposal,
because many landfills do not meet current safety standards. As tougher federal regulations
go into effect, most landfills face closure in the near future. Incentives to reduce waste or
recycle cannot be realized until landfill costs rise. So far, industry has outpaced government
in developing disposal alternatives, but the two will need to work together to implement
workable solutions if Oklahoma is to avert a crisis in solid-waste and hazardous-waste
disposal. Economics will be the prime motivating factor for both.

While the “garbage crisis” of many northeastern
and coastal states has not yet hit most communities in
Oklahoma, it is rushing toward us in the 1990s like a
runaway freight train. New U.S. Environmental Pro-
tection Agency landfill regulations due out in Decem-
ber will require inspections and multilayered liners to
prevent liquid from contaminating ground water. An
estimated 80-85% of Oklahomta's landfills do not have
liners and face possible closure when the new regula-
tions are enforced. About 44% of the State’s 123 oper-
ating landfills have not been upgraded to meet stan-
dards already in effect.

This means that Oklahomans have not been paying
the full, true costs of solid-waste disposal. The new
EPA regulations will only widen the gap between real
costs and charged costs. As long as this gap exists, in-
centives for waste reduction and recycling—two vital
alternatives to landfilling all our waste—will be mini-
mal in Oklahoma. What applies to solid wastes also
applies to hazardous wastes, but at greatly increased
expense.

It is clear that the State and the nation are moving
rapidly from an open, voluntary, and largely unregu-
lated era of waste disposal to more-stringent and com-
prehensive regulations. In Oklahoma, 85% of the busi-
nesses have 25 or fewer employees, leaving little ca-
pacity for specialists to track and comply with new
regulations. Leadership from both the public and pri-
vate sectors will be necessary to keep solid-waste-
disposal and hazardous-waste-disposal regulations
comprehensible and workable.

So far in Oklahoma, industry has led the way. A
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dramatic, strong example is the formation in 1982 of
the Oklahoma Beverage Industry Recycling Program
(BIRP) by a coalition of soft-drink bottlers, beer whole-
salers, glass-container manufacturers, and others who
recognized the need for a stronger recycling ethic in
the Sooner State. This nonprofit, educational program
originally focused on reducing roadside litter by im-
proving recycling opportunities across the State, but
now has greatly expanded its mission to apply various
types of recycling solutions to most components of the
solid-waste stream.

The completely voluntary BIRP program currently
includes 55 affiliated recycling facilities which ac-
counted for a $4 million payout for recyclable “trash”
in 1988. It is estimated that the positive economic
impact of payouts by the entire recycling industry in
Oklahoma has grown to more than $100 million annu-
ally, and that figure may double by 1992. Not only is
the recycling industry providing impressive economic
opportunities for individual and commercial recyclers,
it is fast becoming a major employer in the State.
Among the employees of recycling concerns are scores
of handicapped workers.

In addition to recycling, there are several other “Rs”
associated with solutions to the disposal of wastes:
Reduction, Recovery, Reuse, Refining, and Retooling
are but a few. Each “R”, however, requires a trio of “Es”
to make it feasible: Education, Enterprise, and Eco-
nomic incentives. The key area is education. Educa-
tion about wastes and solutions is something that
must be strengthened immediately if Oklahoma is to
avoid facing the crisis situations now being faced in
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other parts of the country. It is a burden that should be
shared by the public and private sectors, instead of by
the private sector alone.

After implementation of comprehensive educa-
tional efforts, the disposal cost of wastes must be
raised to its true level. Not only will this help avoid an
economic shock of disastrous proportions if increases
are delayed a few more years, it will spur industry to
invest in proven alternatives to landfilling.

The fairest way of spreading the real cost of waste
disposal, now being implemented elsewhere in the
country, is a measured cost system. In some commu-
nities, garbage is weighed and charged by the pound. A
few cities sell their own authorized garbage bags, or
stickers to put on bags, at a cost representing the full
disposal cost of the loaded bag.

Henryetta, Claremore, and Stillwater in Oklahoma
currently are experimenting with curbside collection
programs of recyclable materials. In many cities in
other states, putting designated recyclable items in the
same bag with other garbage can result in a fine or
suspension of garbage-collection service.

In order to succeed, these and other innovative
incentives to reduce and recycle wastes need stan-
dards set by the State that allow county or local gov-
ernments to design and implement the solutions best
suited for their population density, geology, accessibil-
ity to recycling markets, and industries. What is effec-
tive for Edmond could prove to be a costly mistake just
20 mi away in Piedmont, Oklahoma.

This year, the State of Oklahoma has started making
waste disposal considerations a priority concern. The
final report of the “Oklahoma Recycling and Waste
Reduction Project,” commissioned by the Oklahoma
House of Representatives, is due in the Spring of 1990.

Among other things, it is expected to give five proto-
type communities in the state economic and feasibility
models for various recycling and waste-disposal alter-
natives. When this is combined with state-set goals,
standards, and a timetable, Oklahoma should be en-
viably positioned compared with other states in the
region.

Also, in October, the Oklahoma Environmental
Concerns Council presented its Environmental Report
to the Governor. The report listed 31 clear, concise
recommendations dealing specifically with hazardous
and solid wastes. Topping the list was a call to imple-
ment comprehensive environmental education for
students, government officials, and the general public.
The report further recommended a $1/ton surcharge
on solid-waste disposal to create a multimillion-dollar
revolving fund for waste planning, creating improved
rural collection systems, transfer stations, recycling
projects, yard-waste composting facilities, resource-
recovery projects, construction/demolition landfills,
and new landfills.

The sooner the populace is charged the true cost of
waste disposal, the sooner alternative solutions will be
economically attractive and implemented. The posi-
tive economics of enlightened waste management will
make industry receptive and even more innovative.

As this decade comes to a close, Oklahoma stands
on a waste-disposal precipice. In one direction is a
landfill about to be closed, a virtual dead end to a well-
traveled path. In the other direction is an array of new
roads awaiting directional signs. As soon as the State’s
elected and appointed leaders join hands with the
business and industrial leaders who have built these
roads, Oklahoma will begin distancing itself from
disaster.
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AN OVERVIEW OF SURFACE DISPOSAL

Introduction

The waste produced by humans has been disposed
of on or near the surface of the land for time immemo-
rial. Early civilizations simply dumped their wastes on
the land, or into a nearby river, and when the accumu-
lation got to be too bad, the village or group moved on.
No thought was given to the concept of “landfilling” of
wastes, or proper versus improper disposal practices.
That situation survived for centuries, and it is only in
the last 100 years or so that serious thought has been
given to how solid wastes should be handled, or even
what these wastes truly are.

While much can be debated about the proper meth-
ods of surface disposal, it was begun and has survived
because it serves a very definite need for society—that
of handling the innumerable wastes discarded as hav-
ing no further use or function. This situation exists for
both solid wastes—household garbage—as well as for
hazardous wastes.

Hazardous wastes are produced by nearly every
segment of society. Industry produces these wastes in
the manufacture of the goods that we all use and en-
joy, but hazardous wastes are also generated by house-
holds in everyday activities. The cleaners we use for
cleaning our homes, the paints and solvents, and
many other items would legally qualify as “hazardous
wastes” if they were produced in large enough quanti-
ties. It must be remembered that hazardous wastes are
not simply an industrial problem, they are a social
problem.

For many of these wastes, disposal in a properly
designed, properly operated surface-disposal facility is
the most practical thing to do. For some wastes, it is
the only possible thing to do. Although this situation
will be modified in the coming years, it will remain a
fact of life for the foreseeable future.

Some Definitions

The term surface disposal—or “land disposal,” as it
is termed by federal law—encompasses a number of
different means of waste-handling today. The most
obvious of these is the landfill. In its most simplified
form, a landfill is a designated area for the secure bur-
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ial of waste. Next are the facilities known as surface
impoundments—a pit, pond, or other depression
where liquids are accumulated for storage or treat-
ment, or disposal. There is also land treatment, which
is the application of quantities of waste to the surface
of the land, measured so that they will either be bio-
degraded by naturally occurring organisms, or so that
any toxic constituents will be bound into the soil ma-
trix. Last, for the purposes of this discussion, are the
waste piles, which are simply what the name implies.
It is these four forms of disposal which I will discuss
today. (A fifth form of land disposal is recognized by
federal law: liquids disposal through injection wells;
this subject is discussed by others.)

HISTORY OF THE USE OF LAND
DISPOSAL IN OKLAHOMA

Historically, there has been little differentiation
between landfills and surface impoundments in Okla-
homa or elsewhere. The common practice has been to
mix liquids and solids together in a common area for
disposal. While surface impoundments have been
used for storage of liquid wastes, only in the last dec-
ade or so have separate disposal areas been estab-
lished for solids and liquids.

In any case, up until the early 1970s, hazardous
wastes were usually co-disposed with municipal gar-
bage, in sanitary landfills. For the most part, these
wastes were handled no differently than the garbage,
and consequently there are a number of sanitary
landfills that are candidates for clean-up because they
are leaching constituents of hazardous wastes into
ground or surface waters.

Throughout Oklahoma'’s history, some individual
industries operated their own disposal sites for their
own solid-waste products, but most land-disposed
wastes went to community-type sanitary landfills. A
number of liquid-waste storage impoundments were
operated by industries, primarily as part of waste-
water-treatment systems for discharge to surface
waters. The first commercial facility solely intended for
the land disposal of hazardous waste opened in Okla-
homa in 1972. This was followed by a number of appli-
cations for other facilities, in various parts of the State.
In the late 1970s and early 1980s, commercial hazard-
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ous-waste handling was seen as an up-and-coming
field and received a great deal of attention from entre-
preneurs and investors. However, since the Hardage
site opened in 1972, only one other facility has been
successfully permitted and opened.

Land treatment, on the other hand, has been used
in Oklahoma for many years, primarily by the oil in-
dustry. This practice was developed for use with oily
wastes, and is seen by many as a near-ideal way to
handle these materials. Because the procedure was
most useful for oil-related wastes, nearly all sites were
on or near property owned by refineries.

In essence, the oily waste is applied to the land sur-
face in limited quantities, and then plowed or disked
in to mix the waste with the soils. What this accom-
plished was to expose a large surface area of the waste
to the action of natural bacteria in the soil, and the
bacteria then digested the organic components of the
waste into carbon dioxide, water, and nitrogen com-
pounds. Because of the similarity of this procedure to
farming, it is sometimes referred to as “soil farming” or
“land farming,” and under proper conditions and
operating practices, it was thought that large quanti-
ties of oily hazardous waste could be handled in this
fashion. However, relatively recent changes in the law
and rules have reduced the availability of this practice.

CURRENT STATUS OF LAND DISPOSAL
IN OKLAHOMA

At the present time, there is only one operating,
commercial hazardous-waste land-disposal facility in
Oklahoma—the Lone Mountain Facility, owned and
operated by USPCI in Major County, near Waynoka.
This facility opened for business in 1979, and has been
in continuous operation since then.

There is pending before the Oklahoma State De-
partment of Health an application for a second such
land-disposal site, known as the Haystack Facility, in
Greer County in western Oklahoma. This facility was
first proposed in 1984, but has been strongly opposed
by local residents, and a final decision on the permit
has been delayed by a number of legal, regulatory, and
technical issues. When the final decision will be made
on whether to issue or deny the permit for this facility
is not known.

There has been a general decrease in the number of
hazardous-waste surface impoundments in Okla-
homa, in response to stricter design and operational
standards under revisions to the federal hazardous-
waste laws that were made in 1984. Similarly, there has
been a decrease in the number of land treatment facili-
ties (part of this decrease is due to a decrease in the
number of operating refineries in Oklahoma).

Although the hazardous-waste field is still seen by
some as a promising area for entrepreneurs and cer-
tain investors, the high costs of entry, as well as the
high perceived risks and general public opposition
to sites, make it unlikely that there will be any signifi-
cant increase in land-disposal sites in the foreseeable
future.

DESIGN BASIS FOR SURFACE DISPOSAL
Siting Criteria

In considering the installation of a land-disposal
unit, there are a number of obvious areas to avoid—
active fault zones, for instance, or areas prone to flood-
ing. Geologic and hydrologic exclusion zones have
been a part of the hazardous-waste rules for some
time. A more recent addition is the exclusion of other
areas, for either aesthetic or general environmental
reasons. Oklahoma rules now contain exclusion zones
for:

1) Ground-water aquifers and their recharge areas;

2) Areas within certain distances of water-supply
wells;

3) Areas near any public water-supply reservoir or
scenic river; and

4) Locations within 1 mile of schools, nursing
homes, hospitals, or public parks.

All of these siting criteria have been put in place to
make sure that facilities are not built where there are
unusual risks from natural disasters such as earth-
quakes or flooding, and to give some measure of isola-
tion from the general public and public gathering
places. :

Design Requirements

After a facility is properly sited, a great deal of atten-
tion must be given to its design. For landfills or im-
poundments, the Hazardous and Solid Waste Amend-
ments of 1984 (HSWA) require that all new units, and
all expansions to existing units, meet the so-called
Minimum Technology Requirements. MTR specifies
that all landfills and impoundments be lined with a
minimum of 1 synthetic membrane liner, and 1 com-
posite liner consisting of a synthetic membrane over at
least 3 ft of recompacted clay. The liners are separated
by aleachate drainage system to detect any leakage in
the upper liner. Landfills are also required to have
another leachate drainage system above the primary
(top) liner, to remove any liquid generated from pre-
cipitation. There are extensive Quality Control require-
ments that must be followed as well.

For land treatment areas, there is a requirement
that the applicant first show that the soils are capable
of absorbing and attenuating the wastes to be applied,
and then perform a very strictly controlled Treatment
Demonstration, before a permit can be granted. In
addition, one section of HSWA known as the Land
Disposal Restrictions, makes the long-term viability of
land treatment very questionable, as this section re-
stricts the number of wastes that can be handled
through land treatment.

) MONITORING

Allland disposal units are required to have ground-
water-monitoring systems to detect any contamina-
tion of the water beneath the unit. This system in-
cludes wells both up-gradient and down-gradient of
the unit, and periodic sampling for contamination.
(Other speakers will discuss this more thoroughly.)
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CLOSURE AND POST-CLOSURE,
FINANCIAL ASSURANCES

As an essential part of the design, and before aland-
disposal unit can be permitted and built, the applicant
must specify exactly how the unit will be closed, to
ensure that all of the wastes disposed of there will
remain in place. This closure planis approved as a part
of the permit, and can be implemented at any time. As
a part of the closure plan, a reasonable estimate must
be made of the costs that will be incurred in the clo-
sure of the unit; these costs must be guaranteed in
some fashion to ensure that the money is available to
properly close the unit, even if the operator should go
bankrupt. Last, the owner/operator is required to
monitor and maintain the unit for at least 30 years
after closure, to make sure that no problems develop.

(Much concern has been expressed by the general
public about the ultimate liability for hazardous-
waste-disposal facilities. Simplifying the arguments
somewhat, there is a very real worry that a landfill
operator will open a site, make his money, and then
walk away from the site, leaving the public to close and
monitor the site, and clean up any problems left be-
hind. While this has happened in the past, changes in
both State and federal laws have made this possibility
very remote for today’s facilities. First, the funding for
closure and post-closure activities must be guaranteed
by sound financial mechanisms, but, most important,
the courts have found that a hazardous-waste-facility
owner cannot escape the responsibility for that facility.
This liability extends up into parent organizations as
well. Consequently, a parent organization cannot shed
its responsibility by having its hazardous-waste sub-
sidiary declare bankruptcy and dissolve.)

PERMITTING PROBLEMS AND TIMING

For various reasons, siting and permitting a haz-
ardous-waste facility, especially a commercial land-
disposal facility, continues to become more difficult,
and more time-consuming. The public has become
very concerned about such sites, and in general is very
involved in the permitting process. This concern has
led to the involvement of politicians at various levels.
The end result is that it can take three to five years or
more to take a facility from initial concept to final
permit; construction can take several more years.

This lengthy process means that a permit applicant
must invest several hundred thousand to several mil-
lion dollars in design and legal costs, just to go through
the permit process, and another several million dollars
to build a facility, before any waste can be accepted.
Intentionally or not, this process will tend to cull the
number of applicants, ensuring that only those who
are sincere about their intentions and have substantial
monetary resources will be able to operate these sites.
Additionally, with such an investment, it makes bad
business sense to operate the facility poorly, or in such
a way as to jeopardize the permit. This should act to
provide some degree of assurance to both the govern-
ment agencies and the general public.

Unfortunately, however, this long permitting proc-
ess means that it takes a very long time to provide any
needed capacity to properly handle the generated
wastes.

FUTURE DIRECTIONS
FOR SURFACE DISPOSAL

As mentioned earlier, HSWA contains a section
known as the Land Disposal Restrictions, or “Land
Bans.” The purpose of the land bans is to consider the
best way to treat or dispose of each waste stream, and
then to mandate that the waste be handled in that
fashion. The land bans are scheduled to go into effect
over several years, the last portion scheduled for May
8, 1990. At that time, all wastes must be treated to meet
the standards of the Best Demonstrated Available
Technology (BDAT), or the land disposal of that waste
is forbidden.

The practical effect of the land bans is to place an
increased emphasis on treatment of wastes, rather
than simply disposing of them. This treatment will
drastically reduce the hazard from the waste prior to
disposal, and lessen reliance upon land disposal as
much as possible. This will reduce the long-term risks
from the disposal of hazardous wastes tremendously.

Other proposals are being made as well, involving
the minimization of wastes in general. The proposals
range from financial incentives for recycling to man-
datory waste-reduction goals, all with the purpose of
reducing the need for land disposal. The Oklahoma
legislature has already enacted the Oklahoma Con-
trolled Industrial Waste Recycling, Reuse, and Ulti-
mate Destruction Incentive Act, providing tax credits
for capital investments for waste recycling and reuse.

Regardless of the progress that has been, or will be,
made in the reduction of hazardous wastes, there will
always be a need for land disposal of a certain amount
of residue of this material. Oklahoma must understand
that waste disposal is a problem that may shrink some-
what in size, but will never go away completely. It
therefore is in the best interests of the State to see that
it has adequate capacity, properly constructed and
operated, to handle this waste.

PREDICTIONS FOR THE FUTURE
OF HAZARDOUS WASTE LAND DISPOSAL

1. Even though waste minimization will receive
more attention in the near future, the growth of indus-
try will probably balance any reductions made in
waste generation for the next decade. After that, waste
reduction will likely take precedence, and the total
amount of “new” wastes will gradually decline.

2. For the next several decades, clean-ups of old
waste-disposal sites, under “Superfund” and other
corrective-action plans, will generate substantial
amounts of “old” hazardous wastes to be re-disposed.

3. Our society will become more and more aware of
the environmental consequences of its consumption
practices. For instance, the convenience of an auto-
mobile is accompanied by the unavoidable generation
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of a certain amount of hazardous waste which must be
treated and disposed of. Consumption practices will
be decided by the individual, and changing those prac-
tices will be driven by the convenience to the con-
sumer, and the price of the commodity.

4, Although the disposal of hazardous wastes is of
major concern in Oklahoma today, other areas of the
country have near-equal concerns about non-hazard-
ous wastes, such as medical wastes and garbage. We
can expect this same heightening of awareness and
concern in Oklahoma, as the public educates itself on

the issues. As a result, many of the institutional re-
straints that now apply to hazardous-waste facilities—
siting, design, operations, etc.—will be applied to
solid-waste facilities in the future.

In closing, hazardous wastes may be reduced in
Oklahoma, but their safe disposal in or on the land
must continue. This requires not only proper behavior
on the part of the industry, but also adequate oversight
by the government to assure the public that industry is
doing the proper job.
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AN OVERVIEW OF DEEP-INJECTION WELLS

Deep injection into underground formations is
nearly as old as the oil and gas industry. Early in the
development of oil fields, producers found use of sub-
surface geologic formations to dispose of hundreds of
thousands of gallons of saltwater produced along with
oil and gas. Today, there are more than 38,000 such
wells in the nation providing oil and gas operators an
inexpensive and environmentally sound disposal tech-
nology. Under the Federal Safe Drinking Water Act of
1974 (SDWA), these wells are identified as Class IT in-
jection wells.

In addition to those wells, several businesses and
industries have adopted the use of deep-well technol-
ogy to provide low-cost, permanent disposal of liquid
industrial waste. The use of this technology is possible
because of billions of dollars spent mapping the sub-
surface geology in oil-producing states. The modern
use of deep wells to dispose of hazardous liquid waste
is, therefore, confined to oil-producing states where
exploration and discovery efforts have uncovered a
vast secondary natural resource.

Wells used to dispose of waste below the lowermost
underground source of drinking water (USDW) are
classified as Class I wells under the Safe Drinking
Water Act. According to the Environmental Protection
Agency’s (EPA) 1989 inventory of active Class I haz-
ardous-waste-disposal wells, they number 245 and are
located in 15 oil-producing states. Of the 245 wells, 14
are commercial wells located at 11 facilities. The re-
maining 231 wells are located at industrial-waste gen-
erator sites. -

According to EI Digest (1989), “Annually, approxi-
mately 11 billion gallons of Resource Conservation
and Recovery Act waste is injected down deep wells
into geologic formations to contain the waste.

“Deep well injection currently ranks as the number
one means of waste disposal by volume. Disposal into
deep wells accounts for more than three times the
volume disposed of in other types of land disposal and
more than twenty times the volume of hazardous
waste destroyed by incinerators.”

Deep wells require six primary considerations to be
sited, constructed, and operated safely:

1) A stable geologic setting that offers both receiv-
ing and confining formations that are of sufficient
aerial extent to ensure long-term use;
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2) The absence of faults and vertical fractures, as
well as unplugged artificial penetrations, that could
serve as points of discharge or allow escape of waste
material from the injection zone;

3) The absence of other commercial or natural re-
sources that could be contaminated by the waste
materials, such as fresh water or oil and gas;

4) Strict monitoring of the mechanical integrity of
the injection well itself, assuring that waste pumped
into the well reaches its destination, the receiving for-
mation, and does not migrate vertically;

5) The selection of candidate waste streams that
meet strict compatibility requirements; and

6) Established injection pressure restraints that
protect the receiving and confining units.

Wells that meet these criteria have operated safely
in Oklahoma for nearly 30 years with an absolutely
perfect record of protection of the public’s health and
preservation of the environment.

REGULATORY CONSIDERATIONS FOR
MODERN CLASS 1 INJECTION WELLS

Deep-well-injection facilities are subject to the re-
quirements of at least two separate regulatory systems:
the Resource Conservation and Recovery Act (RCRA),
and the Safe Drinking Water Act (SDWA). The con-
struction, operation and maintenance of injection
wells is regulated by SDWA’s Underground Injection
Control (UIC) program, which sets requirements on
the location, construction, monitoring, and closing
procedures at injection facilities. Deep-well-injection
facilities that meet these requirements may receive a
RCRA permit that regulates only surface operations
such as storage. These facilities must also fulfill mani-
festing, record-keeping, and reporting requirements of
the RCRA permit.

The Hazardous- and Solid-Waste
Amendments to the Resource
Conservation and Recovery Act

Underground-injection facilities are also subject to
the land-disposal restrictions set forth in the Hazard-
ous and Solid Waste Amendments (HSWA) to the Re-
source Conservation and Recovery Act. These restric-
tions prohibit land disposal of a variety of hazardous
wastes. Land disposal is generally considered as land
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farming and landfilling, but by definition includes
deep-well injection.

The HSWA legislation set up a schedule of deadlines
by which the Environmental Protection Agency (EPA)
was to set treatment standards for various groups of
waste. The treatment standards apply to both surface
disposal and underground injection. However, the
EPA implemented standards for surface disposal be-
fore standards for underground injection. The extra
time was allowed because of the large volume of waste
disposed into deep injection wells, lack of alternative
treatment technologies, and limited understanding of
deep-well technology (USEPA, 1987).

The National Debate

A National Regulatory Negotiating Committee con-
sisting of industry experts, state UIC program direc-
tors, members of the environmental community, and
the affected industrial users was chartered, and a na-
tional debate began. The result is a comprehensive
new awareness of the costs and benefits of deep-well
disposal technology. Unlike other land-disposal tech-
nologies, deep-well-injection facilities have a number
of options regarding future disposal of the banned
hazardous wastes: '

1) Deep-well operators can treat the hazardous
waste to the specifications established under the land-
ban regulations; the treated waste can then be dis-
posed into the deep well; '

2) Deep-well operators can stop disposing of the
waste and send it off-site for treatment and subse-
quent disposal elsewhere; or

3) Operators can apply for and receive approval of a
no-migration petition. If the facility receives approval,
it may dispose of any hazardous waste without treat-
ment.

No-Migration Petitions

To obtain a no-migration petition, a facility must
demonstrate to a reasonable degree of certainty that
waste injected into the underground formations either
will remain there for 10,000 years or that the candidate
waste will be transformed into a nonhazardous mate-
rial because of its interaction with subsurface forma-
tions and their interstitial fluids prior to any discharge.
A facility can do this in one of two ways:

1) The facility can use flow and transport models to
show that injected fluids will not migrate vertically out
of the injection zone for 10,000 years; or

2) Geochemical modeling can be used to show that
the waste is transformed so that it will become non-
hazardous before it reaches the edge of the injection
zone.

Modern wells are being sited in areas where one or
both of these criteria can be proven. Modern wells can
be sited in areas where extensive information about
underground formations has been gathered to sub-
stantiate the horizontal horizons of injection and con-
fining units, where extensive records of artificial pene-
trations are available and corrective action can be

taken if necessary, and where no ground water or
other natural resources are present. In this setting, no-
migration petitions can be more easily substantiated.

Likewise, for specific waste streams, wells are being

sited over geologic formations meeting geochemical-
modeling requirements.

Most of Oklahoma's existing Class I hazardous-
waste injection wells have, or are submitting, no-
migration petitions. A high rate of acceptance is antici-
pated.

OKLAHOMA’S UNDERGROUND
INJECTION CONTROL (UIC) PRIMACY

Oklahoma is a “primacy” state; that is, Oklahoma
has sought and received permission from the Federal
Environmental Protection Agency to implement a
state UIC program in lieu of the federal program. This
was accomplished in January 1985, and is the result of
a combined effort of the legislative, executive, judicial,
and administrative branches of Oklahoma govern-
ment. This condition in Oklahoma establishes a plat-
form for more public involvement and tighter local
control over facilities than might have otherwise been
allowed under federal restraints.

The Oklahoma State Department of Health

The Oklahoma State Department of Health (OSDH)
is the lead state agency charged with responsibility to
regulate UIC hazardous-waste activities in 76 of the 77
counties in Oklahoma. Osage County, a Federal Indian
Reservation, is still controlled by the Federal Environ-
mental Protection Agency.

The OSDH is responsible for tracking waste gener-
ated in the State, permitting and inspecting disposal
facilities, approving generator disposal plans from
within and without Oklahoma, and enforcing compli-
ance with environmental laws.

The Controlled Industrial Waste Council

Rules and regulations must be promulgated in or-
der for the administrative branch of government, here
the Oklahoma State Department of Health, to carry out
the will of the State Legislature. In order to assure that
the rules promulgated are in keeping with the will of
the elected officials and the people, the Oklahoma
Controlled Industrial Waste Council was created as an
integral part of the OCIWDA.

The Council holds public hearings to openly discuss
suggestions on how rules and regulations should be
written. The Council comprises nine citizens repre-
senting industry, the waste-management industry,
geology, engineering, agriculture, and one member of
the general public. The Council meets at least twice
annually, holds public meetings to promulgate rules
and regulations that are submitted to the State Board
of Health for final approval, and may meet more fre-
quently if necessary. The Council assures citizen in-
volvement by inviting participation during rule-
making.
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The Involvement of Concerned Citizens

Citizens in the State are invited to participate in
waste-management decisions on several levels: First,
citizens interact with elected officials in both houses of
the State Legislature and through lobbying groups.
Second, citizens are invited to interact with rule-
making activities through the Controlled Industrial
Waste Council, which itself is composed of citizens.
Third, whenever permit applications of established or
new facilities are submitted, citizens are invited to par-
ticipate through the permit-application review proc-
ess, public hearings, if requested, and public meetings
held prior to the issuance of construction and opera-
tion permits.

These multiple levels of citizen involvement are
designed to facilitate a free understanding of waste-
management problems and solutions. Citizens are
openly invited to participate in every aspect of waste-
management activities in the State. The State’s pri-
macy is based on its equivalency and consistency with
the otherwise federal programs promulgated by the
Environmental Protection Agency. Therefore, laws
passed by the Oklahoma Legislature, and rules, regula-
tions, and guidelines promulgated by the Controlled
Industrial Waste Council, adopted by the State Board
of Health and administered by the Oklahoma State
Department of Health, must be reasonable by federal
standards. They may not unreasonably restrict the
orderly development of interstate commerce or the
development of new physically and technically well-
suited waste-management facilities. ‘

The proposals of waste-management-facility devel-
opers must adequately meet the requirements of State
and federal laws, rules, and regulations prior to the
issuance of any construction or operations permits.
During permit review and the meetings made possible
by the rules and regulations, citizen concerns and
objections are identified. These concerns and objec-
tions which have a basis in public health or technical
and physical suitability must be dealt with by the regu-
latory and administrative body that will ultimately
make the permitting decision, the OSDH.

The Oklahoma State Legislature

The Oklahoma State Legislature has offered Okla-
homa developers and concerned citizens a forum in
which to air the inevitable dispute over the siting of
new waste-management facilities. The legislature has
responded by enacting new laws which amend the
existing Controlled Industrial Waste Disposal Act of
1976 in several significant ways.

Examples of preventative measures enacted into
law include the County Road and Bridges Mainte-
nance Act of 1985, which specifies long-term improve-
ments and maintenance of county roads and bridges
to be used by site developers to access a proposed site.
This act assures the general public that proposed sites
will not be a financial burden on county road and
bridge maintenance.

Another example is improvements in the language

of the Waste Fund Act. The improved language allows
matching funds up to $50,000 for communities that
will submit applications for such funds to develop
additional fire, police, or emergency-response equip-
ment and plans. The new language gives priority to
counties, municipalities, and towns in which off-site
disposal facilities are proposed.

A third example is the Groundwater Protection and
Good Neighbor Policy Act of 1987. This act strictly
prohibits the siting of off-site waste-disposal facilities
over principal ground-water resources or recharge
areas. The act also includes provisions for accelerated
community and property-owner involvement in the
potentially affected zone of a facility (within a 1-mile
radius of the facility borders).

The Oklahoma Hazardous Materials Transportation
Act of 1986 assures citizens that all hazardous materi-
als which are being transported on Okiahoma high-
ways will be transported safely.

CLASS I WELLS IN OKLAHOMA

In 1988, Class I hazardous-waste wells regulated by
OSDH numbered only 10 (8 facilities, 10 wells), but
accounted for the safe disposal of approximately
632,000,000 gallons of hazardous waste (John Ice,
Oklahoma State Department of Health, Waste Man-
agement Division, personal communication, October
1988). Using a weight of 8.33 Ib/gal for fresh water, that
total is more than 5,265,000,000 lb, or 2,632,500 tons of
waste materials. This single-year total is 125 times the
volume (21,000 tons) of hazardous materials dumped
by the Hooker Chemical Co. into Love Canal over a
five-year period between 1947 and 1952 (Epstein and
others, 1982).

Figure 1 and Table 1 give the names, location by
county, and estimated 1988 volumes disposed by ex-
isting Class I hazardous-waste wells in Oklahoma. All
are operating under the supervision of the Oklahoma
State Department of Health.

In addition to these wells, three wells are under
construction at two new sites. Two of these wells are at
Environmental Solutions, Inc. (Washington County),
and the other well is at International Metal Co. (Creek
County). Another Class I well operated by the Petrolite
Corporation (Osage County) injects hazardous indus-
trial waste (approximately 18 million gal per year). This
well operates under the supervision of the U.S. Envi-
ronmental Protection Agency, which has jurisdiction
over waste disposal on Indian Lands in Oklahoma.

Most of the listed and proposed hazardous-waste
injection wells are located in northeastern Oklahoma
and are completed in the Arbuckle Group (or the Ar-
buckle and Simpson Groups). The Arbuckle (or the
Simpson where present) is immediately overlain by
the Woodford Shale and is underlain by granite. This
combination of receiving and confining formations
has proven itself over the last 30 years an exceptional
resource for Oklahoma. :

Typical waste streams injected by these facilities in
Oklahoma are wastewaters containing solvents, clean-
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Figure 1. Locations of Cl'ass | injection wells regulated by the Oklahoma State Department of Health.

ers, and spent acids; alkaline solutions; rinse water;
cooling-tower waters; rainwater runoff contaminated
by heavy metals; petroleum-refining wastes; and,
acidic pickling solutions used to remove impurities
from steel.

Candidate waste for injection wells are typically
high-volume aqueous solutions whose water content
is 90-98% by volume. These waste streams are ideal
candidates for deep-well injection because of the rela-
tive high expense of treating the impurities out of the
water versus injecting the whole volume into deep
wells. '

UNIQUE OKLAHOMA RESOURCES

Oklahoma has many unique resources that make it
an ideal place for the use of deep-injection-well tech-
nology.

First and foremost is Oklahoma’s undisputed
worldwide leadership in oil and gas technology, the

“cornerstone of successful deep-injection-well opera-

tion. Oklahoma is rich in expertise in all of the oil and
gas engineering and construction sciences and is sup-
ported by its major universities and colleges across the
State. The research and development departments of
companies such as Halliburton Service Co., Chris-
tiansen Diamond Products, Schlumberger Well Serv-
ices, Phillips Petroleum Co., and a host of others
whose worldwide headquarters are located in Okla-
homa lend considerable expertise to deep-well-injec-
tion sciences, methods, and techniques.

Noted organizations, such as the Underground In-

jection Practices Council (UIPC), have chosen Okla-
homa for their home. The UIPC is a nationally char-
tered organization whose members include some of
the most distinguished members of the environmental
community, the heads of federal and State UIC pro-
grams, academia, scientists, and the regulated com-
munity.

The UIPC has established itself as “the source for
reliable information on underground injection.” To-
day, the UIPC is nationally known as a clearinghouse
for information on underground injection, has con-
ducted original research on all classes of wells, and has
established a body of knowledge through a series of
highly acclaimed international symposia (UIPC, 1989).

The Arbuckle Group, overlain by the Woodford
Shale and underlaid by granite, has proven a most
successful geologic setting in Oklahoma for subsurface
injection of hazardous waste.

Transportation is a dominating factor favoring
Oklahoma. Oklahoma is connected to the interstate
highway system, has good access to rail, and is the
farthest inland state connected to waterways.

Oklahoma is a “primacy” state. It has a well-devel-
oped and refined system of laws, rules, regulations,
and guidelines which encourage the development of
Oklahoma'’s best-kept secret, its deep-injection-well
resource. Many industries could benefit by locating in
Oklahoma.

Oklahoma is positioned to use its unique resources
to provide a solution to regional liquid-hazardous-
waste disposal problems, to clean up yesterday’s mess,
and to provide national leadership in the development
of subsurface resources.
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TaBLE 1.—1988 ESTIMATED VOLUMES
ofF Hazarpous WAsTE DisposSED
AT CLass | WELLS REGULATED
BY OSDH IN OkLAHOMA

No. of 1988 volume

Facility name wells {(miltion gal)
Zinc Corp. of America - 1 222
(Washington County) ‘ '
American Airlines 2 144
{Tulsa County)
Rockwell International 1 18
(Tulsa County)
Agrico Chemical Co. 1 84
(Rogers County)
Kaiser (Nipak) 2 36
(Mayes County)
Cherokee Nitrogen 1 54
(Mayes County)
Chemical Resources, Inc. 1 - 24
(Tulsa County)
Macklanburg Duncan Co. 1 50
(Oklahoma County)
8 facilities 10 wells 632 million gal

Source: John Ice, Oklahoma State Department of Health,
personal communication, 10/12/88.

CONCLUSION

There are at least 10 remaining reasons why Okla-
homans should embrace subsurface deep-well tech-
nology and insist on its development:

1) The Compass Industries abandoned landfill near
Chandler Park on the Arkansas River in Tulsa, Okla-
homa, where surface and ground water is highly con-
taminated with spent jet fuel, solvents, caustics,
bleaches, benzene, and pesticides;

2) The Sand Springs Petrochemical Complex in
Sand Springs, Oklahoma, where unlined acid-sludge,
solvent, and waste-oil lagoons pose a threat to ground
water;

3) The Hardage Landfill near Criner, Oklahoma,
where surface and ground water is being threatened
by pesticides, solvents, alcohols, acids, and caustic
chemicals;

" 4) The Double Eagle Refinery in Oklahoma City,
Oklahoma, where about 2,500 cubic yards of waste oils
containing heavy metals are contained in surface
impoundments, and four ponds, some unlined, are
threatening ground water;

5) The 4th Street Refinery, directly across the street
from the Double Eagle site in Oklahoma City, Okla-
homa, where unlined oil-sludge pits, contaminated
surface waters, and an unknown full extent of other
contamination is imminent; :

6) Tinker Air Force Base in Midwest City, Okla-
homa, where a plume of contamination threatens the
Garber-Wellington Formations, which provide water
for most of central Oklahoma;

7) The Mosley Road Landfill in Oklahoma City,
Oklahoma, which contains about 2 million gal of haz-
ardous liquid waste, including, pesticides, industrial
solvents, sludges, and waste chemicals and emulsions;

8) The Oklahoma Refining Co. in Cyril, Oklahoma,
where process waste was placed in nearly 100 unlined
pits;

9) The Sunray Refinery in Allen, Oklahoma, where
unlined pits occupy 40 acres (the pits contain sludge
from refinery operations including, copper, lead, and
zinc) (Singletary, 1989); and

10) The hundreds of unidentified regional sites that
pose a threat to Oklahoma'’s environmental quality.

The cost of cleanup has emerged as the single great-
est barrier to cleaning up old, abandoned sites. Re-
sponsible parties cannot be found in many instances,
and the taxpayer is ultimately saddled with the cost of
cleanup. Class I injection wells that meet strict new
standards can provide low-cost disposal of the hun-
dreds of millions of gallons of liquid hazardous waste
that pose threats to the health and well-being of Okla-
homans at these sites.

The development of new, technically and physically
well-suited Class I hazardous-waste injection wells
and strict enforcement of environmental laws will
assure four things for Oklahoma:

1) Long-term protection of the public health and
the environment;

2) A steady regulatory driven market for the physi-
cally and technically well-suited successful sites;

3) A most affordable disposal technology for
Oklahoma'’s existing and expanding industries and an
attractive waste-management alternative to clean up
Oklahoma'’s abandoned dump sites; and

4) A known cost of disposal that can be relied upon
for geologic periods of time.

Unlike yesterday’s “who-done-it-mystery” disposal
methods, deep wells offer Oklahoma a proven, envi-
ronmentally sound disposal technology, the cost of
which can be relied upon by its users as a one-time
expense.
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Transportation of Hazardous Wastes in Oklahoma
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INTRODUCTION

Hazardous materials as defined by the U.S. Depart-
ment of Transportation are substances capable of pos-
ing an unreasonable risk to health, safety, and property
when transported in commerce.

It is estimated that 1.5 billion tons/yr are moved by
land, sea and air, while hazardous waste shipments
account for 2.5 billion tons. Nearly a half million ship-
ments occur daily. Highway transportation accounts
for more than half of all shipments. '

The regulations that govern these shipments (Title
49 CFR 100-179 et seq.) are complex and comprehen-
sive. They regulate some 30,000 hazardous materials.

While the vast majority of these materials are trans-
ported safely, the potential for a catastrophic event is
so great that this has become an area of intense public
concern nationwide.

The volumes of materials, the complexity of needed

Figure 1. States adopting HMR in full or in part.
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regulations, and the public’s concern over their safe
transportation indicate a need for uniform enforceable
laws. To this end, Oklahoma has adopted these federal
regulations without exception for interstate and intra-
state carriers (Fig. 1).

HISTORY AND REGULATORY AUTHORITY
REGARDING HAZARDOUS-WASTE
TRANSPORTATION

The transportation of hazardous waste in Okla-
homa is nothing new. These products of industry,
manufacturing, and even household applications of
various cleaners and compounds have been in trans-
portation on our public roads since the day Oklaho-
mans decided “it’s better to transport it far away than
to live with it in our front yards.” While the transporta-
tion is nothing new, enforcement and control of that
aspect of hazardous waste is.

STATES ADOPTING
THE HMR IN FULL
STATES ADOPTING
THE HMR IN PART

/]
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Several agencies share responsibility for storage,
disposal, and similar facets of the conversion of mate-
rials into waste products, but until recently the trans-
portation was only regulated by the Federal Highway
Administration’s Office of Motor Carrier Safety. This
agency, through the authority contained in 49 Code of
Federal Regulations Parts 100 through 179, applied
jurisdiction only over interstate transportation or cer-
tain aspects of intrastate moves (e.g., bulk transporta-
tion in tanks over 3,500 gal water capacity). Until re-
cent years, this office consisted of as few as two safety
investigators statewide with responsibility for all
aspects of motor-carrier safety.

In 1985, an Ad Hoc Interagency Task Force was
formed under Governor George Nigh. The task force
was charged with studying the transportation of all
hazardous materials and recommending methods of
reducing the probability of incidents that would lead
to personal injury or environmental damage.

The task force identified various shortcomings in
the two broad areas of incident response and, even
more important, incident prevention. Recommenda-
tions included legislation adopting federal hazardous-
materials and motor-carrier safety regulations, as well
as encouraging participation in the Commercial
Vehicle Safety Alliance! and the federally funded
Motor Carrier Safety Assistance Program?.

As a result, the Oklahoma Legislature passed the
Oklahoma Motor Carrier Safety Act in 1986. Subse-
quent rules developed by the Department of Public
Safety adopted appropriate parts of 49 CFR. The High-
way Patrol’s Troop S (Size and Weight Enforcement
Division) began training and equipping troopers for
roadside enforcement of these regulations shortly
thereafter.

As the emphasis on vehicle safety and hazardous-
materials transportation developed, the need for a
specific division charged with enforcement of these in-
tricate regulations emerged. In mid-1989, the Patrol
created the Motor Carrier Safety Division (designated
Troop SM). Troop SM was to be responsible not only
for roadside safety inspections of commercial motor
carriers, but also for development of methods of audit-
ing internal records-keeping systems required of
motor carriers under the Act. The troop will accom-
plish approximately 20,000 roadside inspections with
20 troopers in 1990, and begin these audits in early
1991 with five additional inspectors.

The Commercial Vehicle Safety Alliance is an association of
state and provincial commercial-motor-carrier safety-
enforcement agencies who have formed a union to promote
uniform safety and transportation issues. CVSA has grown
from four Pacific Northwest states in 1980 to include 49
states and all Canadian provinces.

2The Motor Carrier Safety Assistance Program (MCSAP) is a
federally funded grant program authorized by Congress in
the Surface Transportation Assistance Act of 1982. The pur-
pose of the Act is to reduce the number of commercial-
motor-vehicle accidents and hazardous-materials incidents
occurring in transportation by authorizing funds to states
desiring to participate.

The Department of Public Safety provides enforce-
ment and inspection information to the Oklahoma
State Department of Health through a contract exe-
cuted between the two agencies. This agreement pro-
vides information on the transportation of hazardous
wastes and determines compliance with DOT and
OSDH requirements. These requirements specifically
incorporate 49 CFR Subchapter C, Parts 171 through
178 (excluding 174, rail transportation; 175, aircraft
transportation; and 176 vessel transportation), as well
as OSDH requirements arising under the Controlled
Industrial Waste Disposal Act, including applicable
U.S. Environmental Protection Agency regulations at
40 CFR Parts 262 and 263.

A secondary purpose of the contract is to conduct
inspections of vehicles carrying radioactive materials
to determine compliance with those requirements of
49 CFR Part 171. The transportation of spent nuclear
fuel or other high-level radioactive wastes being trans-
ported by vehicles controlled or operated by the U.S.
Government or one of its agencies transporting nu-
clear weapons or components thereof is specifically
excluded from this agreement. However, the Depart-
ment of Public Safety has been designated as the offi-
cial contact for the proper notification by generators
and contractors of radioactive wastes through Okla-
homa in compliance with requirements of Title 10 CFR
Part 71. Therefore, the DPS does exercise a certain
amount of authority over monitoring of these ship-
ments, regardless of the contract.

VOLUMES AND CATEGORIES OF
HAZARDOUS-WASTE SHIPMENTS

Obviously the monitoring and enforcement of
safety regulations as regards hazardous wastes is in its
infancy in Oklahoma. It would not be possible now to
supply accurate figures on the volumes or classifica-
tions of the various wastes transported in and through
Oklahoma. Currently, no registration or prenotifica-
tion of these shipments is required for carriers simply
transporting wastes through Oklahoma for disposal or
recycling in other states. Specific exceptions to thisdo
apply to transporters of certain radioactive wastes and
materials, as mentioned.

The State Department of Health does not require
registration of transporters who will haul materials
destined for disposal or recycling in Oklahoma. Cur-
rently, 237 companies have been registered with the
Industrial Waste Division of OSDH.

Reports supplied to OSDH indicate the quantities of
materials and the EPA classification of each waste as it
is disposed of at the two commercial hazardous-
waste-disposal sites in Oklahoma3.

3United States Pollution Control Inc. (USPCI) operates the
Lone Mountain Surface Disposal Site for solid wastes in
Major County near Waynoka. This facility handles more than
35,000 tons of waste annually. Chemical Resources Inc. (CRI)
operates an injection well in Tulsa County for the disposal of
liquid wastes. CRI reports handling more than 8 million gal
of waste annually.
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These reports only indicate the materials disposed
of in Oklahoma through these two commercial sites,
and therefore are no indication of the actual volumes
transported through our State.

The Department of Public Safety and the State
Department of Health share concerns over reports of
illegal dumping, which are sporadic and difficult to
detect until the effects are noticed. Cooperation be-
tween the Department of Public Safety, Health Depart-
ment, and the Oklahoma Corporation Commission is
aimed at detecting, prosecuting, and preventing such
actions.

GENERAL REQUIREMENTS FOR
HAZARDOUS-WASTE TRANSPORTERS

Generally, as required in 49 CFR 171.3, no material
classified as a hazardous waste may be offered for
transportation unless that material is properly classi-
fied, packaged, labeled, listed on a proper manifest,
and in general condition for transportation. The entire
quantity of material shipped must be delivered to the
designated facility or subsequent carrier.

The transport vehicle must be properly marked or
placarded (if required) and in good mechanical condi-
tion for the transportation.

General Definitions

171.8 defines a hazardous waste as any material
subject to the Hazardous Waste Manifest Require-
ments of the U.S. Environmental Protection Agency
specified in 40 CFR Part 262. Any material so desig-
nated is subject to the specific packaging and trans-
porting requirements contained in the Hazardous
Materials Regulations.

Required Manifest

All hazardous-material shipments must be accom-
panied by a “shipping paper” (Fig. 2) to describe the
product transported to emergency responders or oth-
ers as to the nature and magnitude of any problem
that may involve the shipment. With hazardous mate-
rials, the basic information described on the paper is
formatted, but any general document form is accept-
able. However, the form of this paper is prescribed by
law for hazardous wastes. 40 CFR 262 specifies the
format to be utilized. The description of the product
must be followed by the word “waste” if it is not incor-
porated into the proper name [172.101(c)(10)].

Additional entries required on hazardous-waste
shipping papers include a Reportable Quantity nota-
tion* and shipper’s certification declaring the general
suitability for transportation of the shipment.

4“Reportable quantity” (RQ) refers to a certain measurable
amount of a hazardous material in a single package thatis so
noted by its entry in an appendix to the hazardous material
table (172.101). A release of this product bearing (RQ) re-
quires notification of the incident as regards environmental
damage.

172.205(e) (2) states that this waste manifest must be
carried in a location in the transport vehicle that will
ensure its accessibility in case of a transportation inci-
dent or regulatory inspection.

Proper Packaging

173.24 requires that “each package used for ship-
ping hazardous materials shall be so designed that
under conditions normally associated with transporta-
tion there shall be no significant release of hazardous
materials to the environment.” This general packaging
requirement covers all hazardous materials; however,
172.101 (hazardous materials table) refers to specific
packages that are required for certain materials. Pack-
aging specifications are written to cover everything
from cardboard boxes to railroad tank cars (see Fig. 3).

Package Markings

172.300 requires each person who offers a hazard-
ous material for transportation to mark the packages
regardless of container type (see Fig. 4). Containers
may be specific as to manufacturing requirements
(DOT SPEC), or only required to meet general product-
integrity standards (not leaking). Containers range
from individual drums to cargo-tank shipments. Re-
gardless of type, markings should specify “waste mate-
rial” in one form or another. Individual packages
should also indicate if a reportable quantity (RQ) is
present.

Package Labeling

172.400 requires each person who offers a pack-
age containing a hazardous material for transportation
to label it with labels prescribed for that material (see
Fig. 5). Certain packages are exempted from this re-
quirement (e.g., bulk packages, packages of ORM
A,B,C,D,E, etc.).

Additional labels may be required to indicate mul-
tiple hazard classes or if a specific hazard is associated
with a particular commodity (poison inhalation, dan-
gerous when wet, etiological agents, etc.).

Placarding

Placards are generally required on transport ve-
hicles to indicate that hazardous materials or wastes
are contained within that shipment (see Fig. 6). Plac-
ards are to be so located and visible as to warn of the
general hazard represented by that vehicle’s contents.
The requirement to display placards is dependent
upon the hazard class of the material and the amount
in the transport vehicle.

172.500 specifies these requirements. Any amount
of Class A and B explosives, Poison A, Flammable Solid
or Radioactive Yellow III must be placarded. The re-
maining 12 classifications are required to be placarded
only when sufficient amounts of the product are
shipped. (Etiological agents and ORMs A,B,C,D,E are
exempted from placards.)
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EPA Form 8700-22 {Rev. 9-88) Previous editions are obsolete.

Figure 2. Continued.
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rGeneraI Requirements (§173.24) l

|
— | |
Strong tight containment. — I NO

Contents must be compatible with the packaging material. X §
No significant release of contents. l

No mixture of materials that may reduce the effectiveness
of the packaging through spontaneous increase of heat or
pressure or through an explosion.

ISpecific.Require’ments (See §172.101 for applicable material and packaging requirements)J

Figure 3.

¢ Determine proper shipping name of material. | Proper Shipping Name ]
Wh l n.vspor 12 Commars |
at A = 4aste denzine ammapie Il{auig UR- > ) T | i i
Kind of il daste Sanina. Flammanie 11 ‘u 1115 Lo s s Shipping Paper ]
Material? E‘ R :ss:e Butylamine, Fhm.nIe H“W P
T{x| e e amaoleg saeta uh-1206 w towl w20 |o = . e
4|y | waste Flammanle liquid. %0S. UN-1993 "EPA* B azarcous ate”als
— “Igmitability” RQ » 6 low| sis0 |p - Table
i §172.101 Hazardous Msteriais Table icont’d}
[ Consult o m » - - h.:.— ..—::—-— | _:—
§172.101. 5 ‘ R e : S— ,
il B R e
= = (=== =
__-*.i Rommotie lmed. 2 40 l-':-- :—;- lu ! '
221:0210
I e e e A Foa S
e Consult = APPENDIX — list of hazardous substances and reportable quantities.
§172.101 NOTE that Flammable Liquid N.O.S. UN1993 is a hazardous substance
' and will require additional description on the Uniform Waste Manifest.
[ Exceptions |
¢ Small Quantity: small quantities of flammable liquids, flammable solids, oxidizers, organic
peroxides, corrosive material, Poison B, ORM A, B, C, and Radioactive Materials that also meet
the definition of one or more of these hazard classes are not subject to the requirements of
this subchapter if: certain quantitive limitations and packaging requirements are met. (§1734)
¢ Limited Quantity: when specified as such in a section applicable to a particular material with
the exception of Poison B materials, means the maximum amount of a hazardous material
for which there is a specific labeling and packaging exception. (§171.8)
Poison B materials can be limited quantities. They do not require specification packaging but
they require labels.
Packaging.
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Rieneral Requirements (§172.301) 1
* Proper shipping name. Note: The name and
e Identification number. address is not required
¢ Inhalation Hazard §172.301(a) if required, and when the package is:
e Consignee’s or consignor’s name and address (§172.306). a. Not transferred from
one motor carrier to
_ another.
4] sggoromeee e e oty | v b. Part of a full load from
Rt et e g 5] s one consignor to one
° sss[e Sutyiamine, Flammabie Vijurg uN-1129 o 0 ConS|gnee, or
€|« -aste ~eotane. Plammanie iiquid u-1206 N C. A ponable tank
1 ¢ n;sle .! -_;ole l:au:d..l'JCS. LN-1993 "2an —
vlgnrability s 22 6o 3150
INCORRECT CORRECT
—
FROM: FLASH RITE
S&EM'f;‘;"L‘E . Qompgre proper shipping name a_pd Fhe i?y&i‘;se'.m
— — identification number on the shipping &~ USA _
paper to the markings on the package. -
FLAMMABLES :
’ LIQUID N.O.S.
: e The word “waste” is not required to | UN 1993 FEPAT
) . . X {GNITABILITY
<\'t—':// preceed the Proper Shipping Name if Q\__://’
the package bears the EPA marking
specified in 40 CFR 262.32 [§172.301 ‘| HAZAROOUS WASTE

S~ @ ==

Note:

Hazardous waste in containers of 110 gallons or less f
must be marked in accordance with EPA requirements
40 CFR 262.32

| Specific Requirements |

Liquid hazardous material (§172.312) - must have “THIS SIDE UP” or “THIS END UP”
orientation markings and may have orientation arrows when the package has inner
containers filled with a liquid. This requirement does not apply to limited quantities of
flammable liquids under certain conditions [see §172.312(d) and (e)).

Hazardous substances (§172.324) - if the proper shipping name for a mixture or solution
that is a hazardous substance does not identify the constituents making it a hazardous
substance, the name or names of such hazardous substance constituents as shown in
the Appendix to §172.101 must be marked in parentheses in association with the proper
shipping name on each packaging having a capacity of 110 gallons or less. This
requirement also applies when descriptions from the Optional Table in §172.102 are used.

Those packages with a capacity of 110 gallons or less which contain waste streams or
waste which exhibit EPA designated characteristics of ignitibility, corrosivity, reactivity, or
EP toxicity, must be marked in parentheses in association with the proper shipping

Note:

For hazardous materials in hazard classes for which placards are not required, identification numbers
may be displayed on a plain white square-on-point configuration having the same outside dimensions
as those prescribed for placards (See Step 5). An identification number displayed as authorized
by this provision is not considered a placard. This configuration is utilized to meet the marking
requirement of ORM-E Materials in containers of more than 110 gallons (portable tanks and cargo
tanks). Orange panels may also be used. [§172.336(b)]

Figure 4. Marking.

9189
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General Requirements (§172.400)J

EXPLOSIVE B

Packages containing a hazardous material must bear the label(s) specified in Column
4 of Hazardous Materials Table. There may be exceptions to labeling under limited quantity
provisions.

Labels are prohibited on packages that do not contain a hazardous material (§172.401).
Labets must be printed or affixed near the marked proper shipping name (§172.406).
Multiple tabels must be placed next to each other [§172.406(c)).

§ 172,101 Hazardous Matenais Table
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G. Thomas

[ Exceptions (§172.500) |

Placarding is not required for:

tiologic agents.
ORM — A, B, C, D, orE.

Poison Inhalation Hazard Material) [§172.504(c)].

[Placard Requirements

Limited quantities of hazardous materials that are properly identified on the shipping papers.
Less than 1000 pounds gross weight of all materiais listed in Table 2 of §172.504. (Except

e Placards are selected based on the hazard present and the quantity on the transport

vehicle.

e Each motor vehicle containing any quantity of a hazardous material listed in Table 1 of
§172.504 must be placarded as required in that tatle

DOMESTIC PLACARDING

llustration numbers in each square refer to Tables 1 and 2 below.

OXIDIZER

ORGANIC
PEROXIDE

Guidelines
(CFR, Title 49, Transpartation, Parts 100-177)

o Placard any transoort venicle. freight container, or rail car contaimng any
quantity of matenal listed in Taole 1.

e Matenais wnich are snioped in portable tanks, ¢argo tanks. or tank cars
must be placarded wnen they contain any quanuty of Table 1 and/er Tacle
2 matenal.

o Motor vehicies or freight contamners containing packages which are subject
to the “Poison-Inhalation Hazard™ shipping paper descnpuon of Section
172.203(k)(4), must be olacarded POISON in addition 10 the placards re~
quired by Section 172.504 (see Section 172.505).

& When the gross weignt of all hazardous matenal covered in TABLE 2 is lass
than 1000 pounds, no placard is required on a transport vehicle or freight
container.

® Placard freight containers 640 cuoic feet or more containing any quantity of
hazardous material classes listed in TABLES 1 and/or 2 when oftered for
transportation by air or water (see Secltion 172.512(a)). Under 640 cuoic
feet see Section 172.512(b).

Figure 6. Placarding.

DANGEROUS,

HIGHWAY

RAIL

(Sec. 172.510(a))

TABLE 1

Hazard Classes R No.
ClassAexpiosives ............... 1
ClassBexplosives ............... 2
PaisonA ... ... ciiiiiiiiiien.,
Flammaole solid (DANGEROUS

WHEN WET lageionty) ......., 12
Raadioacnve matenai

(YELLOW il 1abet) ............ 16

Racioactive matenai:

Uranium hexailuonde lissile
(Containing more than
1.0%U235) ... 16817

Uranium hexafluonde. low-specific
actvity (Cantaiming 1.0% or
lessU235) ... .. ...... 16417

Note: For details on the use of Tables
1 and 2. see Sec. 172.504 (see loot-
notes at bottom of tables.)

WHITE SQUARE BACKGROUND FOR PLACARD

® Used for "HIGHWAY ROUTE CONTROLLED QUANTITY
OF RADIOACTIVE MATERIALS.” (Sec. 172.507)

® Used for RAIL SHIPMENTS “EXPLOSIVE A.” "POISON
GAS” and “"POISON GAS RESIDUE" ptacards.

TABLE 2
Hazard Classes No.
Class Cexolosives .............. 18
Blasting agent .......
Nonflammaolegas ...

Nonflammabie gas (Chiorine) ......
Nonflammapie gas (Fluonne) .....
Nonflammaole gas

(Oxygen, cryogenic liquid) ....... 8
Flammaolegas ........ccvcenrees H
Combustibleliquid ........cvees-s 10
Flammapleliqud ........ccevene- 9
Flammaole salid .........ce0e0e- 1
Oxidizer .........cccvvevnvannnns 13
Organicperoxide ..........oxve. 14
PoisonB ... ......cciiiiiiiiann 15
Corrosivematerial .............. 17
rntating matenal ............... 18
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ENFORCEMENT AND PENALTIES
ASSOCIATED WITH HAZARDOUS WASTES

As referenced earlier, the Oklahoma Motor Carrier
Safety and Hazardous Materials Transportation Act
(Title 47 0.S. 230.1) authorized the Department of
Public Safety to adopt federal regulations to govern the
transportation of hazardous materials. The statute
vests sole authority for the enforcement of the act with
the Department of Public Safety. The Department,
through internal policy, has designated the Motor
Carrier Safety Division (Troop SM) of the Highway
Patrol to enforce the Act.

Primary enforcement is accomplished by roadside
inspection. Troopers routinely stop and inspect com-
mercial vehicles to determine the nature of the ship-

ment, and therefore the appropriate compliance with
the regulations.

Troopers have the authority to declare a vehicle
“out of service” and prohibit its movement until cer-
tain conditions have been satisfied {(e.g., critical safety
items, proper hazardous-materials papers, placards,
etc.). Violations that are less critical are simply noted
on an inspection form and forwarded to the DPS.

Violations of the act are civil (non-criminal), and
penalties may be assessed against shippers, carriers,
agents, or employer of parties responsible for the ship-
ment.

By statute, the penalties can range from $100 for
certain record-keeping violations to $1,000 for each
offense that could constitute a substantial health or
safety violation.
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The Superfund Program in Oklahoma

R. Fenton Rood and Scott A. Thompson
Waste Management Service
Oklahoma State Department of Health
Oklahoma City, Oklahoma

INTRODUCTION

Congress passed the first national comprehensive
hazardous-waste-management law, the Resource
Conservation and Recovery Act (RCRA), in 1976. This
created a regulatory system that governed the storage,
transportation, treatment, and disposal of hazardous
waste. As this program was implemented, it became
apparent that RCRA did not provide a mechanism to
cure historical hazardous-waste-management errors
such as the uncontrolled dumps at New York’s Love
Canal or Kentucky’s Valley of the Drums.

The Comprehensive Environmental Response
Compensation and Liability Act (CERCLA), or Super-
fund, emerged from Congress in 1980, creating a large-
scale national program to identify and clean-up sites
contaminated from our previous hazardous-waste-
management mistakes. This effort is known as Super-
fund because CERCLA established a national revolv-
ing fund to pay for remedial action at facilities whose
owners were no longer available or financially solvent.
CERCLA was subsequently amended by the Super-
fund Amendments and Reauthorization Act (SARA) in
1986. The Superfund is financed largely through a tax
on chemical feedstocks used to manufacture chemical
products whose constituents are likely to become
hazardous waste.

While the site clean-up efforts of Superfund have
received the most popular attention, the liability con-
cepts pioneered in this statute have actually resulted
in a much more dramatic and far-reaching impact.
CERCILA established that any person or company who
has any responsibility for hazardous waste—be it gen-
eration, transportation, treatment, or disposal—is
ultimately liable for any environmental problems cre-
ated by that waste. In Superfund terminology, anyone
with liability is called a “potentially responsible party”
(PRP). Moreover, the law creates strict joint/several
liability, meaning that any PRP is liable for all prob-
lems at a Superfund site regardless of the individual
contribution to the total problem. This broad concept
of liability, which had no precedent in the American
legal system, has profoundly impacted the operations
of all organizations involved in hazardous-waste
management; indeed, it has become the driving force
in every aspect of managing any type of waste, either
hazardous or non-hazardous.

61

The liability provisions of CERCLA directed the U.S.
Environmental Protection Agency (EPA) to create a
legal enforcement system that seeks to compel poten-
tially responsible parties to undertake Superfund
clean-up actions. If the government must pursue
remedial actions at Superfund sites, the EPA is charged
with recovering from PRPs the Superfund money ex-
pended. The law provides an incentive to encourage
PRPs to participate. EPA is authorized to seek damages
calculated at the rate of three times the government’s
actual clean-up costs. This penalty notwithstanding,
the transaction costs associated with federal govern-
mental action are so great that it may be significantly
cheaper for a PRP to undertake a private action. This
has resulted in the active cooperation of most PRPs at
Oklahoma Superfund sites.

THE SUPERFUND PROCESS

The National Contingency Plan (NCP) establishes
the basic procedures and processes for the operation
of the Superfund program. Through the NCP, EPA has
defined a process of identifying, evaluating, and reme-
diating problem hazardous-waste sites that are out-
side the scope of the RCRA regulation. EPA operates
this system through a series of contracts with the states
and private contractors. The Oklahoma State Depart-
ment of Health (OSDH) is the State agency responsible
for working with EPA to achieve the program objec-
tives in Oklahoma.

The following is a brief description of each basic
step in the current Superfund process. Table 1 pre-
sents a summary of all the steps.

Site Discovery

Potential Superfund sites are identified through
citizen complaints, systematic investigations of old or
abandoned industrial sites, and through the routine
operation of other State environmental-health pro-
grams. Any site which receives EPA attention is auto-
matically added to CERCLIS, a national inventory of
sites addressed by the Superfund program. No site is
ever removed from this inventory, even if it is deter-
mined not to contain any environmental problems. In
Oklahoma the majority of sites on the CERCLIS inven-
tory have been investigated by either the OSDH or EPA
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TaBLE 1.—THE SUPERFUND PROCESS

Site Discovery
Preliminary Assessment
Site Inspection
Hazard Ranking System
National Priorities List

Remedial Investigation/Feasibility Study
and Endangerment Assessment

Record of Decision
Remedial Design
Remedial Action

Operation and Maintenance

Site Delisting

contractors and found to pose no environmental-
health threat. Therefore, the gross number of sites on
the CERCLIS inventory does not provide an accurate
measurement of the scope of historical hazardous-
waste-management problems in the state.

Preliminary Assessment

The preliminary assessment (PA) is a cursory inves-
tigation of a site. The primary purpose is to attempt to
determine if any environmental problems exist that
can be addressed by the Superfund Program. Informa-
tion is obtained on surrounding land uses, ground-
water uses, surface-water uses, geology, and surface
topography in the vicinity of the site. A PA does not
usually include sample collection, but a visual site
reconnaissance is generally performed. A preliminary
Hazard-Ranking System (HRS) score is estimated,
based on the information available at this stage. If a
site appears to have any potential to score high enough
to qualify for the National Priorities List (NPL), usually
arecommendation is made that the site be evaluated
in the next step in the Superfund process.

Site Inspection

A screening site inspection (SSI) utilizes a minimal
regime of sampling to determine if problems exist at a
site. The sampling is typically planned to help identify
the paotential for human exposure to environmental-
health problems through air releases, drinking-water
contamination, or direct contact. As with the PA, a
preliminary HRS score is calculated with the increased
data available at the SSI stage. If the data indicate that

a site has enough potential to qualify for the NPL, then
either a formal HRS package is prepared, or a listing
site inspection (LSI) may be performed.

The SSI may not provide sufficient data for sites that
are very complex. The LSI is an action taken to
strengthen data at sites that appear to be very strong
candidates for the NPL. Some of the activities involved
in an LSI, such as monitoring well installation, are in-
tended to provide the basis for remedial-investigation
activities that usually occur after NPL listing.

Hazard-Ranking System

The Hazard-Ranking System (HRS) is a model de-
signed to utilize the environmental-sampling data
gathered through the site inspections to evaluate
which sites are national priorities for Superfund clean-
up. The model assesses the potential for a site to ad-
versely affect public health. Critical features of the
model focus on the quantity of wastes at a site, the
proximity of wastes to sources of underground drink-
ing water and intakes for drinking water systems sup-
plied by surface sources, and the potential for people
to be exposed to air releases or directly to the waste.
The model assigns a score which is a numerical repre-
sentation of the relative national significance of the
public-health threat posed by a site. The original HRS
is currently being revised according to the require-
ments of SARA. At this point, it is unknown how the
revised HRS will actually affect the number of sites that
are added to the NPL in the future.

National Priorities List

The HRS score is used to determine which sites are
added to the National Priorities List (NPL). This is the
inventory of sites where the environmental problems
are of sufficient national importance to merit the use
of the federal Superfund to correct them. Currently
any site which earns an HRS score of 28.5 or above is
added to the NPL. A site must be on the NPL in order
for the federal Superfund clean-up process to move
forward.

Remedial Investigation/Feasibility Study
and Endangerment Assessment

The Remedial Investigation (RI) is designed to
gather the environmental data necessary to define the
nature and extent of problems at a site. The data also
form the basis for the Feasibility Study (FS), which
examines the various options for remedial action. The
environmental data are also used to assess the public-
health impacts of a site in an Endangerment Assess-
ment.

Record of Decision

The Record of Decision (ROD) memorializes EPA’s
selection of a remedy. The ROD is adopted through a
formal set of procedures that incorporate the views
and opinions of the state, the PRPs, and the public.
The completion of the ROD is necessary before any
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additional site action, on behalf of either the govern-
ment or PRPs, can take place. ‘

Remedial Design

The Remedial Design (RD) is a phase of detailed
design work necessary to implement the remedy se-
lected in the ROD. The end product of the RD is a sys-
tem of construction plans that will direct field work.

Remedial Action

The Remedial Action (RA) is the construction proc-
ess to achieve the remedy for problems at the site.
Many RA’s include complex ground- and surface-
water clean-up projects that may last several years.

Operation and Maintenance

As the RA is culminated, plans are prepared for
long-term operation and maintenance (O&M) of the
construction project. If PRPs perform the clean-up,
they will also assume responsibility for long term
O&M. The states are required to assure O&M for proj-
ects financed by the Superfund. O&M may include
activities ranging from continued environmental
sampling, repairing erosion and performing other
maintenance, to mowing the grass. ’

Site Delisting

Sites which have been thoroughly remediated and
pose no public-health threat may be removed from
NPL. Given the long-term nature of most complex
Superfund clean-ups, very few sites will be delisted in
the near future.

Public Participation

A Community Relations Plan is an integral element
of the process at every NPL site. This plan outlines the
mechanisms that will be used to help the public gain
knowledge about the site and Superfund actions, and
incorporate local concerns in the selection of a rem-
edy. Typical activities include public meetings, news-
letters, press releases, and individual communications
between government officials and citizens. The Okla-
homa State Department of Health welcomes and en-
courages public inquiry, review, and comment during
any phase of a Superfund project.

Community groups with a special interest in a par-
ticular Superfund site may apply for and receive Tech-
nical Assistance Grants from EPA. These grants allow
local citizens access to their own technical advisors,
who can monitor Superfund actions on their behalf.
This will help citizens better understand the technical
issues and facilitate their meaningful input in the
process of selecting and implementing a remedy.

The Role of the State

Contrary to most other national environmental
programs, the Superfund law does not provide for

delegation of the program responsibilities to the states.
State agencies, then, serve as the local liaisons to EPA,

-providing advice and carrying out specific technical

tasks.

The state officials are usually more familiar than
their EPA counterparts with the technical details of
each Superfund site, as well as the concerns and de-
sires of local residents. For that reason, it is common
for the states to assume the responsibility of managing
the technical work at a site. However, all decision-
making is reserved for EPA.

Oklahoma has no independent statutory authority
or effort that parallels the federal Superfund program.
All Health Department staff devoted to these projects
are funded exclusively to perform the technical tasks
involved in Superfund studies. This is a significant
deficiency in two respects. First, it has been estab-
lished that State sponsored and PRP conducted clean-
up projects are much cheaper than federal Superfund
actions. This is primarily due to the high transaction
costs associated with the elaborate procedures re-
quired by the federal program. Second, any site that is
examined for Superfund by EPA and is found to con-
tain problems that are not of sufficient magnitude to
invoke the national program are referred by EPA to the
states for appropriate action. Oklahoma has no
mechanism to remediate these sites or to fund en-
forcement or oversight activities with PRPs.

OKLAHOMA SUPERFUND SITES
Compass Industries Landfill

This 46-acre site is located in Tulsa, near the Arkan-
sas River. Originally a limestone quarry, it was later
used for a landfill from 1964 until 1976. During the
1970s and early 1980s, several underground fires oc-
curred at the site. The site was listed on the NPL in
1983, and the OSDH conducted the RI/FS. :

The remedy selected was to properly close the old
landfill by placing a cap on the site. This will prevent
rainwater infiltration, protect against igniting under-
ground fires, and prevent contaminated-surface-water
runoff. The remedial design of the cap has been com-
pleted by OSDH, and the PRPs are currently pursuing
construction. The cap will consist of three layers: a gas
transmission layer, a clay and polyethylene membrane
barrier, and a drainage layer to collect any infiltrating
water. Soil and vegetative cover will be placed over the
cap. The cap should eliminate the generation of
leachate. However, if any leachate is discovered after
the construction of the cap, it will be monitored and
treated if necessary. The cap is now under construc-
tion, with an estimated completion date of June 1991.
The total estimated cost for the construction is $12
million.

Double Eagle Refinery

This site is located in Oklahoma City, near the inter-
section of Northeast 4th Street and Martin Luther King
Boulevard. It was proposed for the NPL in 1988. From
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1929 through 1980, a used-oil refinery operated on the
site. The primary wastes at the site include asphaltic
acid sludges, lead, and other heavy metals. There are
several acid-sludge impoundments on the site, and it
islocated in the alluvium of the North Canadian River.
ARI/FS is scheduled to begin in 1990. OSDH will be
the lead agency. -

Fourth Street Abandoned Refinery

This 38-acre site was proposed for the NPL in 1988,
and is located to the east and almost adjacent to the
Double Eagle Refinery. Active refinery operations were
conducted on site from about 1940 to 1968. There are
several asphaltic acid-sludge pits on the site. Sample
analysis has indicated that heavy metals and pesti-
cides may be concerns at this site. A RI/FS for this site
will be conducted in 1990. OSDH will be the lead

agency.

Hardage Criner

This site is located near Criner, in McClain County.
This site operated as a commercial disposal facility for
industrial wastes from 1972 to 1980. It covers about 60
acres and consists of several surface impoundments
and a drum-burial area. It was proposed for the NPL in
1981. Compounds detected on the site include pesti-
cides, solvents, alcohols, acids, caustics, and heavy
metals. EPA has been in litigation with the PRPs since
1986. A RI/FS was conducted by a group of PRPs. Due
to technical disagreements between EPA, OSDH, and
the PRPs, the Federal District Court in Oklahoma City
will select the remedy.

Kerr-McGee Corporation

This site is located just north of Cushing, and it
covers approximately 116 acres. Petroleum-refinery
operations were conducted on site from 1915 through
1972. From 1962 to 1966, a small portion of the site was
licensed for the processing of uranium and thorium.
There are a total of five large waste pits on the site, four
of which contain asphaltic acid sludges and one which
contains both acid sludges and low-level radioactive
materials. Kerr-McGee originally sold the site in 1972,
but has since reacquired the majority of the property.
Under the direction of OSDH, Kerr-McGee has been
conducting an investigation of the site and evaluating
possible remedial technologies. The site was proposed
for the NPL in 1989. EPA is still in the stage of respond-
ing to public comments regarding the listing of the site
on the NPL. Kerr-McGee has made a commitment to
remediate the site whether or not it is actually added to
the NPL.

Mosley Road Sanitary Landfill

This site is located in Oklahoma City, and it covers
approximately 70 acres. This municipal solid-waste
landfill also accepted approximately 2 million gallons
of hazardous substances-in 1976. Compounds includ-

ing pesticides, solvents, sludges, and other chemical
waste were placed into two unlined pits and subse-
quently covered with up to 20 ft of municipal solid
wastes. The site was proposed for the NPL in 1988. It
appears that Waste Management, Inc., the owner of
the site, will conduct a RI/FS under federal and state
oversight.

Oklahoma Refining Company

This site was proposed for the NPL in 1988, and is a
former refinery located in Cyril. It operated from 1920
to 1984, and is approximately 160 acres in size. Process
wastes were placed in over 100 impoundments and a
landfarm. An on-site monitoring well has been found
to contain arsenic, lead, chromium, cobalt, beryllium,
nickel, and xylene. Contaminated ground water is
believed to be discharging to Gladys Creek, which
borders the site. OSDH is currently conducting a RI/FS
on this site.

Sand Springs Petrochemical Complex

This site was proposed for the NPL in 1983, and is
located in Sand Springs. Several petroleum refineries
operated on the site from the early 1900s through 1948,
and it was occupied by other industries after the refin-
eries closed. OSDH conducted a RI/FS on the site. It
covers approximately 200 acres, and contains asphal-
tic acid sludges, heavy metals, and chlorinated sol-
vents. The acid sludges are to be solidified/stabilized
by the PRPs. The PRPs are performing the Remedial
Design/Remedial Construction steps.

Sunray Oil Company Refinery

This 40-acre site is located in Allen. There are four
pits containing sludges from refinery operations.
Compounds of concern detected in on-site sludges,
soils, and ground water are principally heavy metals.
The site was proposed to the NPL in 1988. It is still
unclear at this point when the EPA will initiate a RI/FS
for this site. .

Tar Creek

This site is located in Ottawa County, and covers a
40-mi? area. It was proposed to the NPL in 1981. This
area was extensively mined for lead and zinc. These
old mines now serve as conduits for surface-water
infiltration to ground water. As these waters flow
through the old mines they become acidic and leach
heavy metals from surrounding materials. The RI/FS
was conducted by the Oklahoma Water Resources
Board in 1983 and 1984. A remedy was selected and
implemented which consisted of diverting and diking
a creek to prevent underground discharge, and plug-
ging abandoned wells to prevent contamination of a
deep, high-quality aquifer that is the source of local
drinking water. The construction was completed in
1986 and monitoring of the effectiveness of the remedy
is currently being conducted.
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Tenth Street Dump

This site is only about 4 acres in size and is located
on Northeast 10th Street in Oklahoma City. It was
proposed to the NPL in 1987. A salvage operation and
an automotive junk yard were located on this site, and
resulted in contamination of soils with polychlori-
nated biphenyls (PCBs) and lead. In 1985, removal
action was conducted by the EPA, which included
removing drummed wastes, placing a clay cap over the
site, and fencing the site. EPA is currently conducting a
RI/FS. Preliminary indications are that the PCBs are
not mobile and do not threaten ground water, surface
water, or air. The cap appears to preclude any public-
health threat.

Tinker Air Force Base

This aircraft maintenance and rebuilding facility
was proposed for the NPL in March 1985. Organic sol-
vents from these activities have contaminated ground
water at portions of the base. There are also 6 old
landfills, 2 inactive waste pits, and 3 historical radio-
active disposal sites. :

Under the Installation Restoration Program, the Air
Force has assessed the problem and is taking appro-
priate remedial actions. The RI/FS for Building 3001 is
complete. A proposed plan is scheduled to be ready for
public comment in early 1990. Interim remedies that
have already been implemented include capping one
landfill to abate migration of contaminants, and plug-
ging several wells that served as possible conduits for
ground-water contamination.

SUPERFUND GOALS AND OBJECTIVES:
A STATE PERSPECTIVE ON POLICY

The national demand for a rapid resolution to our
hazardous-waste-management problems has resulted
in intense public scrutiny and debate over the im-
plementation of the Superfund program. A number of
observers have been frustrated over the apparent slow
pace of the national clean-up effort, or the propriety of
the remedy which was selected at particular Super-
fund sites. This analysis does not seek to resolve the
debate, but simply to present attitudes and opinions
common to State officials who struggle to make the
Superfund program a success.

EPA Organization

EPA is a large organization consisting of the nation-
al headquarters and 10 regional offices. The Agency’s
work is broadly extended through its widespread use
of State agencies and private contractors to directly
implement program objectives.

EPA functions almost entirely through a process of
the regional offices implementing a series of program
guidance directives and formal rules prepared by and
promulgated through the headquarters office. The
national Superfund program addresses an amazing
variety of technical, political, financial, and social

issues. It is impossible for the EPA headquarters to
rapidly prepare and issue the national directives and
rules, and at the same time adequately address the tre-
mendous variety of real-world problems encountered
in the program.

Federal statutes authorize national environmental
programs for discrete periods of time. CERCLA ex-
tended from 1980 to 1985. In late 1985, it became ap-
parent that Congress could not produce legislation
authorizing Superfund before the program’s expira-
tion date. This situation forced EPA to virtually cease
operations in the program. This was a major blow to
the bureaucratic functions of the agency and the
Superfund program. EPA had developed its manage-
ment system by late 1983, and the program was begin-
ning to function smoothly in 1984. The lack of timely
reauthorization forced EPA to halt contracting and
other critical program procedures. The requirements
of other federal laws make implementation of these
procedures very lengthy and time-consuming. When
SARA was passed in 1986, EPA attempted to expedite
reactivation of the program, yet the required proce-
dures still took several months to implement. Most
EPA officials had to devote their attention and energy
to the program management demands rather than the
more tangible actions of environmental remediation.

The experience of closing down the program in
1984 also illustrates the role of EPA’s Superfund
budget in driving agency actions. In spite of the Super-
fund taxing authority, the magnitude of the national
clean-up task has become greater than the resources
available. EPA must, therefore, carefully plan and pri-
oritize site actions based on the available Superfund
budget. This has resulted in necessary program delays
at sites where PRPs are not available to perform the
work requiring all the financing to come from the
government'’s office.

When measured against.the ideal of rapid and
comprehensive site remediation, these forces have
helped contribute to the public perception of pro-
grammatic lethargy. While it is easy to castigate the
bureaucratic process of the Superfund program, this is
but one element contributing to the ultimate frustra-
tion.

Clean-up Technology

Uncontrolled Superfund sites contain complex and
often unknown mixtures of a staggering variety of
chemicals. In many cases, the ultimate environmental
fate and human-health impact is largely unknown for
each individual chemical—much less the synergistic
chemical soup that was created by past follies. The
process of accurately measuring and assessing the
nature and extent of a Superfund problem is techni-
cally challenging and time-consuming. In an attempt
to appease critics, EPA has made short schedules the
predominate driving force in the entire Superfund
program. In Oklahoma this emphasis has resulted in
artificially segmenting the environmental problems at
Superfund sites into “operable units” and in conduct-
ing abbreviated environmental-sampling projects that
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fail to adequately characterize the full range of envi-
ronmental problems at a site, or to provide the type of
data needed to adequately evaluate and design appro-
priate engineering solutions.

Many Superfund sites contain problems that re-
quire the innovative application of new technologies
that lack extensive operating histories. This lack of
technical foundation and experience has contributed
to everyone’s inability to rapidly remediate specific
Superfund site problems.

As the general technological knowledge base of
Superfund remediation grows, so does the demand for
trained, experienced employees for all parties in the
hazardous-waste-management process. This has cre-
ated a strong demand for and a high rate of turnover
among experienced State and EPA employees, some-
times resulting in delay and program inconsistency.

In addition, Congress has refused to allow a large
growth in the number of EPA Superfund employees,
forcing the agency to rely heavily on contractors to
perform site-specific program functions. This means
that the EPA employees have primarily administrative
functions, and are essentially removed from the main-
stream of technical thought and experience. This de-
pendence upon contractors, along with the high em-
ployee turnover, has also impeded the development of
a coherent institutional memory that is necessary for
the effective operation of such a large public-works
program. While certainly not the sole cause of debate,
the EPA’s lack of an institutional base of technical
knowledge and direct employee experience has con-
tributed to the intense dissension among the EPA,
states, PRPs, and citizens over specific Superfund-site
action decisions.

National Policy Debate

EPA has responded to the widespread criticism of
its Superfund performance by making adherence to
short project schedules the principal driving force of
the program. The Agency is imposing project time
schedules which are challenging to achieve, and which
do not allow for adequate characterization and assess-
ment of site problems in the remedial investigation
phase. This has led EPA to make such errors as assum-
ing that large-volume waste sources are homoge-
neous, when in reality their constituents have been
quite diverse.

EPA has been especially sensitive to criticism about
the potential impermanence of certain remedies the
agency has used at Superfund sites. Critics are encour-
aging the agency to prioritize clean-up remedies that
destroy or eliminate the hazardous-waste problem. In
response, EPA has frequently analyzed remedial op-
tions in a generic manner, without detailed regard for
the exact nature of the waste. This has encouraged
many EPA officials to doggedly pursue remedies such

"as incineration at sites where the chemical mix of
contaminants cannot be safely or efficiently burned,
even under controlled conditions. EPA’s pursuit of
questionable incineration remedies at certain Okla-
homa Superfund sites has delayed the actual clean-up

process as EPA, the state, the PRPs, and citizens have
struggled through the laborious administrative and
legal process of selecting a clean-up remedy.

CONCLUSION

Superfund site remedies are complicated geotech-
nical undertakings that are incredibly expensive pro-
grams. Most observers would agree that Superfund
resources in both the public and private sectors should
be devoted to achieving remedies at the individual
Superfund sites. However, EPA has created a system of
program administration for Superfund that is seg-
mented and fraught with high transaction costs for
both the federal government and PRPs. The tremen-
dous costs associated with the administrative process
utilized by EPA is one of the strongest incentives for
PRPs to independently correct known problems from
historical mismanagement of hazardous waste.

The high degree of public attention afforded the
Superfund program has helped create an atmosphere
of uncertainty among the many regional EPA officials
charged with accomplishing Superfund goals. Federal
program management and personnel-evaluation pro-
cedures have tended to emphasize each isolated seg-
ment of the Superfund program. The federal employ-
ees in this system, therefore, have frequently lost sight
of the long-term environmental clean-up goals due to
the tremendous political and financial-liability impact
of each significant decision in the program. This has
resulted in a lengthy decision-making process which
has selected remedies which have been highly contro-
versial.

The states are in a unique position in the national
process to restore the environment. State officials have
the local knowledge and technical expertise to more
efficiently direct the application of federal resources
and to facilitate the extensive PRP action that will be
necessary to achieve our national Superfund clean-up
goals. Many PRPs are already coming directly to the
states with clean-up proposals. The professional eval-
uation and oversight of these remedies requires a
state-program talent base ranging from environmental
scientists to attorneys. In Oklahoma, the OSDH Super-
fund employees are devoted to specific functions on
federally funded Superfund projects. Without a sepa-
rate source of State funding, the OSDH cannot fully
pursue clean-up projects that are either premature for
or not of sufficient magnitude to merit federal Super-
fund attention.

An additional obstacle in Oklahoma is the lack of
State legal authority that parallels federal Superfund
authority. This means that the State has little ability to
encourage PRP clean-ups in advance or in lieu of EPA
involvement, because there is no reasonable assur-
ance that the clean-up action will limit or satisfy the
PRPs federal clean-up liability.

It is widely acknowledged that private PRP clean-
up actions are cheaper than direct government proj-
ects. The Oklahoma experience has been that the State
can execute national environmental objectives more
cost effectively than can EPA or its contractors. These
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forces will affect the debate over Oklahoma environ-
mental clean-up policy, for it is much more cost-effec-
tive for the State to directly address its historical haz-
ardous-waste problems now than to wait for EPA to
discover them and make them a national priority for
action.
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Program for Removal of Chemicalé from Schools of Oklahoma
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INTRODUCTION

Schools have had a history of accumulating chemi-
cals. The primary cause of this problem has been the
change of science teachers in the schools. A science
teacher would have experiments which required cer-
tain chemicals. When that science teacher moved, and
a new science teacher was employed, the new teacher
would often request different chemicals. After a few
years, the inventory of unused, unwanted, or un-
known chemicals became a serious problem. The
quantity of chemicals present in schools is the result of
bulk buying to take advantage of better pricing. In
some instances, schools received donations of chemi-
cals they could not use and should not have used.

Legislation in the past few years concerning hazard-
ous chemicals in the workplace and the disposal of
hazardous chemicals has created a problem not only
for industry but also for schools. The problem is espe-
cially difficult for public schools because they lack
knowledge of the laws, expertise of how to safely store
and handle chemicals, and financial resources to
properly dispose of unwanted chemicals. Insurance
companies, scientific supply companies, and certain
govenment agencies have added to the problem, tell-
ing schools they should remove certain chemicals or
they would lose their insurance coverage, or they
would be fined, or they would be sued. Schools re-
acted to this situation in many ways. Some merely dis-
carded their chemicals, others hired disposal compa-
nies to remove the chemicals at a high price, and in
some instances schools were able to give their chemi-
cals to colleges.

It was obvious there was need for a coordinated,
statewide effort to assist schools in the problem of
removing unwanted chemicals. The primary driving
force behind this effort was to have the chemicals
removed in an environmentally safe and legal manner
that was as cost-effective as possible. In a discussion of
cost, it must be kept in mind that the best disposal
price for removing chemicals is not the only factor to
be considered. The “cradle-to-grave” requirement of
chemicals dictates that schools use a disposal com-
pany that would minimize their future liability.

ESTABLISHING A COMMITTEE
TO ADDRESS THE PROBLEM

As a result of inquiries from high-school teachers
concerning the removal of chemicals, it was obvious
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that an organized effort was needed to address the
problem. Initial contact was made with the Science
Specialist in the State Department of Education to
develop a plan to remove chemicals from the schools.
It was decided that every state agency which had re-
sponsibility concerning hazardous chemicals should
be involved in the establishment of the removal plan.
Letters were written to contact those state agencies
and to schedule a first meeting. The agencies repre-
sented were State Department of Education, State
Department of Health, State Labor Department, Civil
Defense Department, State Fire Marshal, State Depart-
ment of Public Safety, Regents for Higher Education,
and Risk Management Department. In addition, there
was a representative from the State Science Teachers
Association. The first meeting established that there
was a problem concerning chemicals in schools, but
the magnitude of the problem was not known. The
committee decided that the first order of business was
to obtain a list of the schools who wanted assistance in
removing chemicals, and to obtain an inventory of the
chemicals to be removed. The committee also decided
upon a master plan, which consisted of the following
four phases: Phase 1: Contacting the schools. Phase 2:
Schools submit an inventory of chemicals to be re-
moved. Phase 3: Evaluation of the chemicals for haz-
ards. Phase 4: Removal of chemicals.

Certain state agencies were to be responsible for
different phases of the program. The State Department
of Education was responsible for contacting the
schools. Southwestern Oklahoma State University was
responsible for developing a data base of the schools
responding and the chemicals submitted. The State
Department of Health was responsible for evaluating
the hazards of the chemicals. The State Department of
Health was also responsible for determining removal
procedures. A summary of the results of the various
phases follows.

PHASE 1: CONTACTING THE SCHOOLS

Phase 1 consisted of two mailings to the schools.
The first mailing was from Southwestern Oklahoma
State on September 16, 1989, to every superintendent
and to every president of a higher-education institu-
tion. This letter contained information that such a
removal project was being developed and asked them
to return a form if they were interested. There were 642
letters sent to superintendents and 77 letters sent to
administrators of higher education. There were 113
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(18%) responses from the public school administrators
and 30 (33%) responses from higher education admin-
istrators.

The second mailing was sent from the State Depart-
ment of Education on October 10, 1989, to the 642
school districts. Information in this mailing reinforced
the fact that a removal project was being developed,

- and if the schools wanted to participate they should
send an inventory of the chemicals to be removed.

The people receiving the second mailing and the
number of letters sent are given in Table 1.

The respondents to the mailing from the State
Department of Education sent their inventories to
Southwestern Oklahoma State University. This infor-
mation was used to prepare a data base of the partici-
pating schools. The data are summarized in Table 2.

From the data in Table 2, 127 (40%) of the schools
said they had no chemicals to be removed. Of the
schools in this category, there were 83 elementary
schools, 9 middle or junior high schools, 14 high
schools, and 21 other schools. There apparently was
some confusion about the intent as there were 36 in-
ventories of cleaning chemicals and 14 complete in-
ventories. There were 143 (45%) schools which re-
sponded by sending an inventory of chemicals to be
removed.

PHASE 2: SCHOOLS SUBMIT AN
INVENTORY OF CHEMICALS
TO BE REMOVED

The inventories received in Phase 1 were used to
prepare a data base of the chemicals. This data base
consisted of 8,000 entries which represented 850 dif-
ferent chemicals. Compounds ranging from relatively
safe chemicals such as sodium chloride, calcium car-

bonate, and potassium chloride to potentially hazard-
ous chemicals such as sodium cyanide, potassium
metal, diethyl ether, carbon disulfide, and sodium
peroxide were listed for removal.

Approximately 67 of the chemicals were solids and
33% were liquids.

PHASE 3: EVALUATION OF THE
CHEMICALS FOR HAZARDS

A survey of the chemicals submitted indicated a
group of chemicals which were considered to be
shock-sensitive or of an explosive nature. This list in-
cluded lithium, sodium, potassium, diethyl ether, car-
bon disulfide, and 2,4-dinitrophenol. It was decided
that these chemicals should be the first removed from
the schools.

The list also contained chemicals considered haz-
ardous according to 40 CFR Part 261 Subpart C and D.
These chemicals have to be disposed of by a licensed
disposal company.

There were a large number of chemicals which did
not appear on a regulated list and were not considered
to be hazardous. The proper disposal of these chemi-
cals was difficult to evaluate. Many of them could
safely be placed in a land-fill or could be flushed with
dilution. Others could be neutralized and then flushed.
There is no good mechanism for addressing the proper
disposal of these “gray area” chemicals. Initially, the
idea was presented to provide schools with a list of the
chemicals which could be disposed oflocally. This list
would also contain a safe procedure for handling the
chemicals during their disposal. This idea is currently
being reviewed because of the liability factor in the
event the person involved in the disposal could be
hurt.

TABLE 1.—MAILING FROM THE STATE
DEPARTMENT OF EDUCATION

TABLE 2.—RESULTS OF STATE
-DEPARTMENT OF EbucATioN MAILING

Middle, junior high, and high schools 2,434
Superintendents of independent districts 456
County superintendents 70
Private administrators 192
University presidents 44
University chemistry chairmen 44
Elementary principals . 916
Dependent Principals 163
Vo-tech superintendents 60
Vo-tech science teachers 60
Private science teachers 192

Total 4,621

Number
of

Action taken by schools schools

Sent an inventory of chemicals to be disposed 143

Indicated no chemicals to be disposed 127*
Sent an inventory of cleaning chemicals 36
Sent an inventory of all chemicals 14

Total 320

*Of this number, 83 were elementary schools, 9 were middle
or junior high, 14 were high schools, and 21 were others (this
list included centers and names which were not obvious as to

their type).
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PHASE 4: REMOVAL OF CHEMICALS

This part of the project s still in development. Only
one aspect of this phase has been accomplished as of
this writing, that being the removal of those chemicals
considered to be shock-sensitive.

Removal of the shock-sensitive chemicals was a
coordinated effort involving the State Department of
Education, the State Department of Health, The State
Department of Public Safety, and the Oklahoma Mili-
tary Department, it was labelled Operation Safe
School.

The State Department of Education was responsible
for corresponding with the schools that had shock-
sensitive chemicals and for maintaining lines of com-
munication between the local schools and the bomb
squads who were to remove the chemicals. Before the
chemicals could be removed, the local school had to
select a site on which the chemicals could be deto-
nated, provide a legal description of the site, and name
alocal person to coordinate the removal of the chemi-
cals from the school. The school also had to sign a re-
lease of liability. '

The State Department of Health was responsible for
evaluating each site submitted by the respective
schools. If the necessary requirements, were met a
permit was issued for that site to be used for detona-
tion. In addition, a representative from the State De-
partment of Health accompanied each bomb squad as
the chemicals were removed.

The Department of Public Safety and the Oklahoma
Military Department were responsible for providing
bomb squads who removed the chemicals. Removal of
the chemicals and their detonation was conducted in
an efficient and professional manner, with no inci-
dents in a period of one week. The bomb squads
logged a total of 7,000 mi during this operation.

The chemicals removed and their quantities are
shown in Table 3.

As of this writing, a contract between the State of
Oklahoma and a hazardous-waste-disposal company
is being pursued. It is anticipated that such a contract
would be utilized by the schools to remove their un-
‘wanted chemicals at a savings to the school. An addi-
tional advantage to the school is the lowering of the
liability factor. If the local school contracts with a dis-
posal company, they may not take the time to com-
pletely check the disposal company to see if they have

current violations. The local school would also tend to-

go with the lowest bid. This could haunt them later if

TaBLE 3.—CHemicALS REMOVED BY
OPERATION SAFE ScHooL

Chemical Amount
Lithium 15 b
Sodium 425 b
Potassium 60 b
Carbon disulfide 450 qt
Diethyl ether 12.0 qt
2,4-dinitrophenol 15 b
Picric acid 1 unit
Perchloric acid 1 unit

the disposal company were to become involved in
clean-up litigation. A contract between the State and a
disposal company would tend to minimize these con-
cerns.

One aspect of this project which should be men-
tioned is the possibility of recycling the chemicals that
a school wants to remove. Many of the chemicals have
market value because they are still in their original
containers. This possibility is being pursued, but noth-
ing definite has been developed.

SUMMARY

A plan has been developed to assist schools in the
removal of their chemicals. The plan was the com-
bined effort of many State agencies. The ultimate goal
of removing the chemicals has not been accomplished
as of this writing. Even though every school was con-
tacted at least twice, there still seems to be a lack of
knowledge, concern, or interest in this effort. As a
preventive measure to keep this kind of problem from
recurring, a proposal is being considered to establish
regional resource centers which would provide chemi-
cals to the schools in that region. These resource cen-
ters could also provide other services, such as lab
safety, and act as disseminating sites for public con-
cerns about hazardous chemicals in particular and the
environment in general.
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ABSTRACT.—State and federal regulations require that specific standards and procedures
be implemented during the closure and post-closure monitoring of units which manage
hazardous waste. They ensure that all closures are accomplished according to specific,
minimum standards. The applicable regulations for the closure and post-closure monitor-
ing of hazardous-waste units will be reviewed. An overview of the closure of disposal units
at two facilities in Oklahoma will be presented. The closure of these units was accom-

plished in accordance with the regulations.

INTRODUCTION

The Environmental Protection Agency (EPA) has
promulgated regulations which dictate specific closure
and post-closure procedures and standards for units
which manage hazardous wastes. The State of Okla-
homa has adopted these regulations by reference. The
closure plan for the units must be maintained on-site
and detail the closure sequence and schedule. Mini-
mum performance standards must be fulfilled. Finan-
cial assurance must be maintained by the owner or
operator of a facility to ensure that adequate funds are
available to close the unit and provide for post-closure
monitoring. The post-closure plan must detail those
activities which will occur during the post-closure
period. The plans must be approved by the Oklahoma
State Department of Health (OSDH), and any closure
and post-closure activities must comply with the ap-
proved plans.

The closure of surface impoundments and landfill
cells at two facilities will be examined. U.S. Pollution
Control, Inc. (USPCI) operates the Lone Mountain
Facility near Waynoka, Oklahoma. The Lone Mountain
Facility is a commercial treatment, storage, and dis-
posal (TSD) facility which accepts a wide range of solid
and aqueous wastes from off-site generators. Aqueous
wastes had been stored in impoundments at the facil-
ity. Three impoundments were closed between 1987
and 1989. The sludge was stabilized in the impound-
ments. Caps were than constructed above the
mounded waste. The facility continues to manage
hazardous waste in other units.

The Allied Refinery operated from the late 1930s
through 1984. It is located in Stroud, Oklahoma. Five
hazardous-waste impoundments and two landfills
were in service from 1961 through December 1984.
While the refinery was in operation, hazardous wastes
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designated as D002, K048, K049, and K051 were gener-
ated and stored in five surface impoundments. Solid
waste from asphalt manufacturing was stored in two
adjacent landfill cells. The contents of the impound-
ments were transferred to a treatment area and stabi-
lized. Two landfill cells were constructed for the dis-
posal of the materials from the existing impound-
ments and cells. The new cells were constructed at the
location of the previous impoundments and cells. The
materials from the old impoundments and cells were
then transferred to the new landfill cells. Caps were
constructed above the compacted waste in the cells.
These units were closed between 1985 and 1989. The
closures at both facilities were performed in ac-
cordance with the applicable regulations, and post-
closure monitoring has been implemented.

REGULATORY REQUIREMENTS

The federal regulations dictate the closure and post-
closure standards for the closure of both interim status
(40 CFR 265, Interim Standards for Owners and Opera-
tors of Hazardous Waste Treatment, Storage, and Dis-
posal Facilities) and fully permitted (40 CFR 264, Stan-
dards for Owners and Operators of Hazardous Waste
Treatment, Storage, and Disposal Facilities) facilities
which treat, store, or dispose (TSD) of hazardous
waste. A facility operates under the interim 265 stan-
dards until a Part B permit is issued for the facility.
Subsequent to the issuance of a Part B permit fora
facility, the facility operates in accordance with the 264
standards. The state of Oklahoma has adopted these
regulations by reference in Rule 210 of the Oklahoma
Rules and Regulations for Industrial Waste Manage-
ment.

The closure regulations require that a written clo-
sure plan be maintained at the facility. The plan must
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include specific items. It must provide a description
both of the steps for closing the individual units and of
the entire facility. It must provide an estimate of the
maximum inventory wastes ever on-site. The proce-
dures for removing or decontaminating all equipment
contaminated during closure must be detailed. Other
continuing activities, such as ground-water monitor-
ing and leachate collection, must be outlined. An an-
ticipated schedule must provide the time require-
ments for each step of the closure sequence. The esti-
mated closure dates for both the individual units and
the entire facility must be provided. Detailed cost esti-
mates must be developed for the various units. The
cost estimates must be substantiated by actual costs
and estimates.

The closure of a landfill cell or surface impound-
ment must ensure that various performance standards
are fulfilled. The closure design must provide for long-
term minimization of migration of liquids through the
closed landfill or impoundment. The completed clo-
sure must function with minimum maintenance. The
design must promote drainage of runoff and minimize
erosion. The design must accommodate anticipated
settling of the cap. The cap system must provide a
permeability less than or equal to the permeability of
the bottom-liner system. In practice, this requires that
a synthetic liner in the cap be of the same or greater
thickness than the liner in the bottom-liner system.
The clay liner in a cap must have a permeability equal
to or less than the permeability of the clay in the bot-
tom-liner system.

Financial assurance must be provided for both the
closure and post-closure periods. The financial assur-
ance ensures that adequate funds are available for the
closure and post-closure care and monitoring of a
facility. Examples of acceptable closure mechanisms
include a trust fund, a surety bond, aletter of credit, a
financial test, and a corporate guarantee. The Lone
Mountain Facility utilizes a trust fund with a bank as
trustee. Annual contributions are made to the trust
fund by the owner or operator of the facility. The trust
fund would be utilized to pay for closure of a facility
and for monitoring it during the post-closure period if
the owner or operator were financially incapable of
performing these tasks. The Allied facility utilized a
corporate guarantee of a parent corporation. A corpo-
rate guarantee requires submission of various infor-
mation, including the net worth, liabilities, and assets
of the parent company. Sufficient financial strength, as
evidenced by a financial analysis of the parent corpo-
ration, ensures that the parent company of the owner
or operator will be financially capable of expending
the necessary funds to close and monitor the closed
facility.

The owner or operator of a facility must notify the
Regional Administrator at EPA 60 days prior to com-
mencement of closure for disposal units, or 45 days
prior to commencement of closure for treatment or
storage units. Since Oklahoma has primacy over the
closure regulations, an owner or operator would notify
the Oklahoma State Department of Health (OSDH)
instead of the Regional Administrator.

The closure must be completed within 180 days of
receiving the final volume of waste, unless the OSDH
approves an extension. Such a time limit is very diffi-
cult to meet during closure of surface impoundments
or landfill cells, since these closures require implem-
entation of numerous, sequential events. The antici-
pated schedule is often exceeded due to the difficulty
of predicting events such as the necessary settlement
period for consolidation of the waste materials. Both
the Allied and USPCI facilities received extensions to
the 180 day requirement.

The closure must be certified by both the owner or
operator and an independent registered professional
engineer. This certification must indicate that the
completed closure complies with specifications in the
approved closure plan. It must be submitted to the
OSDH within 60 days after completion of the closure
of an individual unit. A notation must be recorded on
the deed of the property which indicates that land has
been used to manage hazardous wastes and its use is
restricted by the hazardous-waste regulations. A sur-
vey plat which indicates the location of the disposal
units and a record of the type, location, and quantity of
hazardous wastes must also be submitted to the local
zoning authority.

Post-closure monitoring is required for disposal
units such as landfills and impoundments; it is not
required when all contaminated materials are re-
moved from a unit such as a tank or waste pile. The
removal of all contaminated materials is referred to as
a “clean closure.” Monitoring of a closed disposal unit
must continue for 30 years after closure of the unit.
The regulations allow extension or shortening of this
time if the OSDH determines that this change in the
monitoring is acceptable or necessary to protect
human health and the environment. It is extremely
unlikely that OSDH would shorten the post-closure
period for a disposal unit. The post-closure regulations
require that a written post-closure plan be maintained
at the facility. The plan must include specific items. It
must provide a description and frequency of the
planned monitoring activities. It describes the neces-
sary maintenance activities to ensure the integrity of
the cap and the monitoring equipment. As discussed
previously, post-closure financial assurance must be
provided. A certification must be submitted both by
the owner or operator and by an independent regis-
tered professional engineer upon completion of the
post-closure monitoring period. This certification
must indicate that the completed post-closure moni-
toring and care comply with specifications in the ap-
proved post-closure plan. Post-closure monitoring has
been implemented for both facilities.

OVERVIEW OF SPECIFIC CLOSURES

The closures of units at two disposal facilities in
Oklahoma serve as examples of implementation of the
closure and post-closure regulations. Surface im-
poundments have been closed at the USPCI Lone
Mountain Facility. Surface impoundments and landfill
cells have been closed at the Allied Materials Refinery.
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The closures were performed under the interim stan-
dards of 40 CFR 265, as neither facility had received a
Part B permit at the time of the closures. As of January
1990, there have been no closures of disposal facilities
in Oklahoma conducted under 40 CFR 264.

Lone Mountain Facility

Three impoundments at the Lone Mountain Facil-
ity were closed between November 1987 and March
1989 (U.S. Pollution Control, 1989). These units were
closed in compliance with a closure plan which had
been approved by the OSDH. The closure consisted of
the following steps:

1) Removal of liquids and stabilization, compact-
ing, and mounding of waste in the impoundment;

2) Construction of caps above the mound; and

3) Notation on deed and submission of certification
to OSDH.

The initial step required that the liquid contents of
the impoundments be removed and treated in the
facility wastewater-treatment system, and that the
remaining sludges be stabilized in the impoundments.
The sludges were mixed with fly ash by a backhoe until
sufficient mixing occurred to provide a stabilized
mass. The stabilized waste remained in the impound-
ment for closure. The waste was then compacted and
graded to form a mound on a 1.5% to 5% grade to
promote drainage off the final cap.
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The cap was constructed on top of the mounded
waste. Figure 1 details the cap design at the Lone
Mountain Facility. In ascending order, the cap con-
sisted of a two-foot clay liner, a high-density-polyeth-
ylene (HDPE) liner, a drainage system, a protective soil
cover, and 14 in. of graded rock. The clay liner was
constructed with a maximum permeability of 1 EE-07
cm/second. The clay was compacted to 95% of the
Standard Proctor Density at a moisture content be-
tween the optimum moisture content and the opti-
mum moisture content plus 4%. The clay cap was
constructed in two steps. Initially, an interim 1-ft clay
cap was constructed. After construction of the interim
clay cap, the waste material consolidated during the
necessaty settlement period. After allowing for any
settlement, the interim clay cap was scarified and re-
compacted. Additional clay was emplaced and com-
pacted until the final clay cap was 2 ft thick. The HDPE
liner was 60 mils thick.

The drainage layer would remove any liquids which
percolated through the soil cover. It consisted of drain-
age net and non-woven geotextile. The geotextile pre-
vents the soil from clogging the drainage net. The
soil cover was 1 ft thick in the drainage ditches on the
perimeter of the cap, and 2 ft thick over the remainder
of the cap. The soil cover provides physical protection
to the HDPE liner and limits frost penetration into the
clay liner. The top layer of rock provides erosion con-
trol. Typically vegetation would be utilized instead of
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Figure 1. Cap detail for the Lone Mountain Facility.
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rock cover; however, adequate vegetation would not
be self-supporting in the region. Consequently, a rock
cover was utilized. Extensive quality-control proce-
dures were implemented during the construction of
these components to ensure that the various compo-
nents satisfied design specifications.

Upon completion of the closure, the closure was
certified by both USPCI and an independent registered
professional engineer. The survey plat was filed at the
Major County courthouse. The plat indicated the loca-
tion of each closed impoundment, the restricted fu-
ture use of each area, and the type and quantity of
waste in each closed impoundment. The certification
and survey plat were provided to OSDH as part of the
closure report which detailed the closure procedures
and presented the quality-control data.

Allied Refinery

Five surface impoundments and two landfill cells
were closed at the Allied Refinery between 1985 and
1989 (Allied Materials, Inc., 1989). These units were
closed in compliance with a closure plan which had
been approved by the OSDH. The closure consisted of
the following steps:

1) Removal and treatment of the waste material in
the impoundments;

2) Construction of new landfill cells;

3) Depositing stabilized waste from the impound-

" ments in the new cells;

4) Transfering waste from the old landfill cells to the
new cells;

5) Constructing caps over the mounded waste in
the new landfill cells; and

6) Notation on deed, notification to zoning author-
ity, and submission of certification to OSDH.

G. S. Mason

Whereas the waste was stabilized and disposed of in
existing impoundments at the USPCI facility, the ma-
terial was stabilized in a temporary treatment area and
transferred to new cells at the Allied Refinery. The
waste was removed from the impoundments and
placed in an adjacent treatment area. Cement kiln dust
and local soil were mixed thoroughly with the waste,
utilizing a Bomag Pulva-Mixer or an equivalent device.
The stabilization process both stabilized the waste and
raised the pH of the resulting material above 3.0.

The new cells were constructed at the location of
the previous impoundments and cells. The contami-
nated material was removed until no contamination
remained. The cells were then constructed with a
double-synthetic-liner system above a clay base. The
two synthetic liners were 60-mil HDPE liners. Leachate
collection and detection systems were installed. The

- leachate systems consisted of drainage net and gravel-
filled trenches containing perforated PVC pipe.

The stabilized waste from the impoundments was
deposited and compacted in the newly constructed
cells. Each lift of the material was compacted upon
placement in the cell with a sheepsfoot compactor.
The solid waste was transferred directly from the old
landfill cells to the new cells without treatment. Treat-
ment of the solid waste from the old cells was not

_necessary, since the landfill waste was not acidic,
whereas the impoundment waste was acidic.

The cap system was then constructed above the
mounded waste. Figure 2 details the cap system at the
Allied Refinery. In ascending order, the cap consisted
of an HDPE liner, 2 ft of compacted clay, and 6 in. of
top soil and vegetation. The synthetic liner was 60 mils
thick. The vegetation consisted of Bermuda grass. Ex-
tensive quality-control procedures were implemented
during the construction of these components to en-
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sure that various components satisfied the design
specifications. Additional ground-water-monitoring
wells were installed after completion of the cells. The
closure was then certified by both Allied and an inde-
pendent registered professional engineer. The closure
report and survey plat were submitted to OSDH. The
survey plat for the Allied facility was also filed with the
Stroud Planning Commission.

CONCLUSION

Existing regulations require development of com-
prehensive plans for closure and post-closure moni-
toring of units which manage hazardous waste. The
closure plan details closure procedures, schedules,
and costs. The post-closure plan details monitoring
and maintenance activities during the 30-year post-
closure period. The plans must be approved by Okla-
homa State Department of Health (OSDH).

Closure of surface impoundments and landfill cells
at two facilities in Oklahoma was accomplished in
compliance with closure plans previously approved by

the OSDH. The contents of the impoundments were
stabilized and transferred to a new landfill cell at the
Allied Refinery. The contents of the impoundments
were stabilized in-place at the Lone Mountain Facility.
The waste was compacted and graded to form a
mound in the units. Caps consisting of both clay and
synthetic liners were then constructed above the
mounded waste. Closure reports were subsequently
filed with the OSDH, certifying that the closures had
been conducted in accordance with the approved clo-
sure plans. Post-closure monitoring has been imple-
mented at both facilities.
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ABSTRACT.—Waste minimization has emerged as one of the principal objectives of federal
and state hazardous-waste management policy in recent years. This paper documents
recent trends in waste minimization in Oklahoma and assesses the factors that have pro-
moted and constrained waste minimization by the largest generators in the State. A survey
of major hazardous-waste generators indicates that economic incentives resulting from
federal policies have been the major stimulants to waste minimization in the State, but re-
sponse to these factors is likely to level off over the next couple of years. Major constraints
include costs of capital investments and the costs of acquiring and utilizing technical infor-
mation. Further progress in waste minimization in Oklahoma will require initiatives to
provide additional economic incentives, either by raising the marginal costs of hazardous-
waste generation still further, or by reducing the economic constraints to further waste

minimization.

INTRODUCTION

Until recently, the primary concerns in hazardous-
waste management policy have been with controlling
the handling and disposal of hazardous wastes and
with remediating problems caused by their improper
management. Federal regulations adopted pursuant
to the Resource Conservation and Recovery Act
(RCRA) of 1976 were principally concerned with such
fundamental aspects of controlling hazardous-waste
management as requiring use of permitted treatment
and disposal facilities and tracking hazardous-waste
shipments with a manifest system. The focus of state
and federal policy began to shift to a different level of
concern with enactment of the federal Hazardous and
Solid Waste Amendments (HSWA) in 1984, and several
earlier initiatives in such states as California and New
York. These policy initiatives introduced the goal of
waste minimization and were the foundation for the
concepts of integrated waste management and a hier-
archy of waste-management alternatives.

This paper reports the status of waste-minimization
activity in the State of Oklahoma and examines the
factors that have promoted and constrained waste
minimization and integrated waste management by
major generators of hazardous waste over the past four
years. It concludes by examining options for promot-
ing further waste minimization in the State. The data
presented were analyzed under a contract with the
Oklahoma State Department of Health (OSDH) as part
of a project to develop the State’s Capacity Assurance
Plan, as required under the federal Superfund Amend-
ment and Reauthorization Act (SARA) of 1986.
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THE HIERARCHY OF INTEGRATED
WASTE MANAGEMENT

The problems of hazardous-waste generation and
management that are the focus of public concern are
primarily what economists call “externalities.” These
are the costs of damage to public health and the envi-
ronment that must be borne by people who do not
directly benefit from production and consumption of
the goods and services that result in the generation of
hazardous wastes, including contamination of ground
and surface water from improper land disposal of
hazardous waste; air pollution from toxic volatile or-
ganic compounds emitted from land disposal facilities,
waste-treatment facilities, and manufacturing; and
injuries suffered by waste-collection personnel from
household hazardous wastes disposed with residential
trash. :

These costs to society are “internalized” when they
are fully reflected in the costs of the goods and services
that generate hazardous wastes.

Over the last few years, a consensus has emerged
among policy-makers concerning the relative risks of
alternative strategies for internalizing the externalities
of waste generation. A strategy of integrated waste
management has been articulated that serves as the
foundation for hazardous- and solid-waste policy in
the federal government and many states (Municipal
Solid Waste Task Force, 1988; National Research Coun-
cil, 1985). In Oklahoma, this strategy has been recom-
mended by the Oklahoma Environmental Concerns
Council (1989, p. 55) in their recent report to the Gov-
ernor.
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The integrated waste-management strategy is
based on a hierarchy of waste-management alterna-
tives which progresses from the strategy of perceived
lowest risk to that of highest risk. A common version of
the waste-management hierarchy is as follows:

1) Source reduction;

2) Recycling;

3) Energy recovery;

4) Treatment;

5) Disposal.

Source reduction involves changes in the activities
that produce hazardous waste, so as to “reduce, avoid,
or eliminate” waste generation (United States Con-
gress Office of Technology Assessment, 1986, p. 3).

Recycling involves direct reuse of a waste product with -

or without reprocessing. Energy recovery involves the
use of a waste as a fuel and thus capturing the energy
value of the substance while also reducing its volume.
Treatment includes processes that convert a waste toa
less hazardous or nonhazardous product, while dis-
posal involves placing residuals from treatment proc-
esses in the environment (National Research Council,
1985, p. 11). _

The concept of integrated waste management re-
flects the recognition that virtually all of the elements
of the waste-management hierarchy will be required
to manage the full complement of wastes generated by
society. The goal of waste minimization is to move as
far up the waste-management hierarchy as possible in
managing any given waste.

RECENT TRENDS IN OKLAHOMA

The total volume of hazardous waste generated in
Oklahoma has dropped dramatically over the past five
years, as shown in Figure 1. Based on 1985 and 1987
biennial reports filed by in-State generators, total haz-
ardous-waste volumes declined by 39% between 1985
and 1986, from 1.6 million tons to 975,000 tons (DPRA,
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Figure 1. Hazardous-waste generation in Oklahoma,
1985-89.
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Figure 2. Hazardous-waste management in Oklahoma,
1987-95. _

1988,1989). Hazardous-waste volumes decreased an
additional 37% between 1986 and 1987, to 610,000
tons (Oklahoma State Department of Health, 1989, p.
5). Values for 1988 are not currently available, but esti-
mated volumes for 1989 represent a further decline of
72% from 1987 to approximately 170,000 tons (Okla-
homa State Department of Health, 1989, p. 69). The
net decline since 1985 is on the order of 90%.

Figure 2 illustrates the projected shift in hazardous-
waste management practices by Oklahoma generators
between 1987 and 1995. The graph was generated
from data developed by DPRA for the Oklahoma haz-
ardous-waste capacity-assurance plan (Oklahoma
State Department of Health, 1989), and from inter-
views conducted by the author with major hazardous-
waste generators in the State. Waste volumes for the
five waste-management categories used in Figure 2
were produced by aggregating volumes for the SARA
waste-management categories reported in the capac-
ity-assurance plan. Table 1 illustrates how these aggre-
gate waste-management categories were derived.

Data for 1987 were developed by DPRA from the
1987 biennial reports submitted by in-State genera-
tors. Data for 1989 and 1995 reflect projected growth in
hazardous-waste generation by two-digit Standard
Industrial Classification codes and data obtained from
the 21 largest generators in the State concerning waste
minimization accomplished since 1987 and planned
for implementation between 1990 and 1995. DPRA
assumed a direct relationship between hazardous-
waste generation and constant-dollar earnings in pro-
jecting increases in hazardous-waste generation
(Oklahoma State Department of Health, 1989, p.
123-125). The 1989 and 1995 projections also reflect
assumptions made by DPRA about use of alternative
waste-management technologies in response to the
Best Demonstrated Available Technology (BDAT)
standards published by the federal Environmental
Protection Agency (EPA), pursuant to the land-dis-
posal bans enacted under HSWA for specific types of
hazardous waste.
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TaeLe 1.—DEeRIVATION oF WASTE-
MANAGEMENT CATEGORIES

Aggregate SARA
waste-management waste-management

category categories
Recycling Metals recovery

Solvents recovery
Other recovery
Energy recovery Energy recovery*

Incineration—liquids
Incineration—sludges/solids

Incineration

Aqueous inorganic treatment
Aqueous organic treatment
Other treatment

Sludge treatment
Stabilization

Treatment

Land treatment
Landfill
Deep-well injection

Land Disposal

*Energy recovery includes fuel blending and direct burning of
hazardous waste to capture its energy value.

Data on the 21 generators employed in these pro-
jections were collected through interviews conducted
by the author in August 1989. These generators were
selected from the 25 largest generators in the State,
based on hazardous-waste totals reported in the 1987
biennial reports. The other four generators among the
top 25 are commercial treatment, storage, disposal, or
recycling (TSDR) facilities. The 21 generators inter-
viewed accounted for 96% of all the hazardous-waste
generated by in-State sources in 1987. These 21 gen-
erators accounted for 98% of all the waste generated in
1987, exclusive of that produced by the four commer-
cial TSDR facilities. :

Figure 2 projects a significant decline in the use o
land disposal between 1987 and 1995, from 93% of the
hazardous waste generated in the state in 1987 to 49%
in 1989, and 26% in 1995. Corresponding increases are
projected in the use of alternative waste-management
technologies, based on the 1986 national survey of
TSDR facilities (Oklahoma State Department of
Health, 1989, p. 129). As a result, treatment increases
from 2.5% in 1987 to 51% in 1995, and incineration
increases from less than 1% to 5%. Recycling increases
from 3% in 1987 to 14% in 1995. Use of energy recovery
is projected to increase from 1% in 1987 to 5% in 1989
and 1995.

An important assumption in making this projection
is that use of land treatment and deep-well injection

for disposal of hazardous wastes is terminated once
the BDAT standards governing these disposal tech-
nologies go into effect in 1990 (Oklahoma State De-
partment of Health, 1989, p. 127-128). This projection
presumes that no waivers are granted to the land-dis-
posal restrictions governing these practices in re-
sponse to petitions that may be submitted by opera-
tors of land-treatment or deep-well injection facilities.
DPRA assumed that if pretreatment of liquid wastes
and sludges is required prior to deep-well injection,
the treated wastes would more likely be discharged to
a surface water body via a publically owned treatment
works or a regulated surface-water discharge (Okla-
homa State Department of Health, 1989, p. 129).

Waste Minimization: 1986-89

Data from the 21 largest in-State generators provide
amore detailed look at the changes reflected in Figures
1 and 2. As shown in Table 2, the waste-management
strategies responsible for the most significant reduc-
tions in hazardous-waste volumes between 1986 and
1989 were source reduction, off-site recycling, on-site
treatment, and off-site energy recovery. It should be
noted that the data in Table 2 exclude information
from one of the 21 largest generators, Tinker Air Force
Base, for which there was no biennial report on file
with the OSDH.

Actions by two of the 21 largest generators account
for much of the observed change. One generator re-
duced its total waste production from 898,000 tons in
1986 to 382,000 tons in 1987. This reduction of 516,000
tons exceeds the net decrease in total hazardous-waste
generation in the State of 365,000 tons over this time
period. This generator was responsible for 99% of the
waste reduction attributed to source reduction in
Table 2. Substitution of a non-chromium corrosion
inhibitor in the generator’s cooling system eliminated
308,000 tons of wastewater that had been disposed of
by deep-well injection. A pH adjustment within this

TaBLE 2.—Waste MinmizatioNn TReNDs, 1986—89

Waste- Volume
management Number Reduction
strategy of cases (tons)
Source reduction 8 384,386
On-site recycling 4 2,004
Oft-site recycling 13 11,296
On-site energy recovery ] 0
Off-site energy recovery 21 2,542
On-site incineration o 0
Off-site incineration 2 12
On-site treatment -8 8,226
Off-site treatment 5 76
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generator’s production process eliminated an addi-
tional 74,000 tons of corrosive process wastewater
which also had been disposed of by deep-well injec-
tion. A one-time generation in 1987 by a second gen-
erator of some 97,000 tons of bottom sludge from sev-
eral surface impoundments offset to some extent the
impacts of the waste reduction achieved by the first
generator, but contributed to the net reduction shown
between 1987 and 1989 in Figure 1.

On-Site Recycling

Under the category of on-site recycling, one genera-
tor accounted for 96% of the observed reduction (1,929
tons) between 1986 and 1989 by neutralizing a corro-
sive byproduct and reusing it as a feedstock. Two other
generators installed onsite solvent-recovery systems
yielding a total reduction of 74 tons.

Off-Site Recycling

Forty-eight percent of the reductions attributable to
offsite recycling (5,432 tons) resulted from shipping
solvents to off-site recovery facilities. Off-site metals
recovery accounted for an additional 40% of the 11,296
tons of reduction shown for this waste management
strategy in Table 2.

Off-Site Energy Recovery

The 2,542 tons of volume reduction attributed to
off-site energy recovery are the sum of actions affect-
ing 21 different wastes, most of which were solvents or
waste oils.

On-Site Treatment

The majority of the reductions accounted for by on-
site treatment took place in the petroleum-refining
industry. A total of 3,848 tons of reduction (47% of the
total) was achieved by one refinery that employed a
filter press to dewater oily sludges. Treatment of spent
catalysts by another refinery, to adjust the pH to
nonhazardous levels, eliminated generation of an

-additional 4,313 tons.

Waste Minimization, 1990 and Beyond

Waste-minimization trends for 1990 and beyond
are summarized in Table 3. These represent the re-
ported activities of the 21 largest generators in the
State, including Tinker Air Force Base. Each case is an
individual waste stream. The results suggest increasing
emphasis on source reduction and continued reliance
on on-site treatment and recycling, but no significant
increases in the use of energy recovery. In addition,
two refineries are planning on-site incinerators for
disposal of slop-oil emulsion solids, API separator
sludges, and oil-water filtercakes and sludges. Incin-
eration is the BDAT identified by EPA for these waste
types (K048,K049,K051). While Table 3 does not iden-
tify any planned use of off-site incineration or off-site
treatment, these technologies are expected to be used

TaABLE 3.—WASTE-MiNiMizATION TRENDS:
1990 anp BevonDp

Waste-
management
strategy

Number
of cases

Source reduction
Feedstock substitution
Change in product
Process change
Waste-stream segregation

On-site recycling

Off-site recycling

On-site energy recovery

Off-site energy recovery

On-site incineration

Off-site incineration

On-site treatment

Off-site treatment

-h

-t
O OO N =2 =2 NN AL

to an increasing extent in response to the BDAT stan-
dards promulgated by EPA pursuant to the HSWA land
disposal bans. For example, many liquid and sludge
wastes are expected to be stabilized prior to land-dis-
posal. These anticipated changes are reflected in the
projections depicted in Figure 2.

Much of the waste-minimization activity identified
in Table 3 is attributable to initiatives at Tinker Air
Force Base, which is a major aircraft-maintenance
facility. Fourteen of the 35 cases (40%) listed in Table 3
are wastes from Tinker. According to a contact at the
base (A. Coplin, personal communication, August
1989), the Air Force established a goal of achieving a
10% reduction in hazardous-waste generation each
year for the five-year period between 1988 and 1992.
This goal is reflected in the large number of waste
minimization projects under way at the base, includ-
ing use of a water-jet knife in place of a highly corro-
sive silicon rubber solvent; use of carbon dioxide pellet
blasting and robotic laser depainters in place of paint-
stripping solvents; installation of a chromium-recov-
ery system on one of its electroplating lines; and instal-
lation of six different solvent-recovery systems.

Three of the cases of feedstock substitution involve
use of nonhazardous substances in place of solvents or
solvent-based materials. The four cases of product
change involve the scheduled phase-out in production
of leaded gasoline over the next several years. All four
of the major refineries in the state will be eliminating
the generation of leaded tank-bottom sludges (K052)
by 1995 as a result of this change.

Four of the cases of on-site treatment will result in
the generation of a nonhazardous residual through
either ozonation of cyanide wastes or neutralization
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of corrosive wastes. Five of the on-site treatment cases
involve volume reduction, principally through liquids
removal. In one other case, a paint stripper will be
treated rather than disposed of in a land-disposal
facility.

FACTORS AFFECTING
WASTE MINIMIZATION

In an effort to ascertain factors that contributed to
the decisions of generators to reduce their hazardous
wastes, 15 of the 21 large generators surveyed were
asked an open-ended question concerning the reasons
why their firms had initiated the waste-minimization
activities either recently completed or under way.
Table 4 presents a frequency tabulation of their re-
sponses. The principal motivating factors are clearly
economic: immediate cost savings; avoided costs of
reducing the volumes of waste requiring more expen-
sive treatment to meet the BDAT standards under the

federal land disposal bans; and long-term cost-avoid- .

ance by minimizing the risk of incurring liability for
the cleanup of abandoned hazardous-waste disposal
sites under the federal Superfund program (CERCLA).

Responses to questions included in the federal bi-
ennial report forms were also tabulated for 18 of the 21
largest generators concerning constraints to waste
minimization. These are presented in Table 5, where a
distinction is made among respondents based on firm
size measured as total number of employees. Again
they reflect a concentration on economics and related
concerns such as product quality, but there is also
considerable emphasis on technical and information
constraints.

Technical limitations can be also viewed as an eco-
nomic issue. Waste minimization has been character-
ized by the National Research Council (NRC) as pro-
ceeding through three phases (National Research
Council, 1985, p. 2). In the first phase, firms take ad-
vantage of relatively low-cost, technically simple ini-
tiatives, such as improved housekeeping and waste-

TaBLE 4.—FacTors PROMOTING
WasTE MINIMIZATION

Factor Frequency*
Cost savings 60%
Federal land-disposal bans 53%
Long-term liability 47%
Concern with the environment 13%
Worker health and safety 6%
State credit for annual waste-stream fee 6%
Consent decree 6%

aN = 15; frequency of 6% represents 1 response out of 15.

TABLE 5.—CONSTRAINTS To WASTE
MinimizaTioN BY FIRM Size

Frequencies
<500 500
employees employees All firms
Constraint (n =10) (n=8) (n=18)
Lack of technical
information 70% 50% 61%
Inadequate cost
savings’ 50% 63% 56%
Insufficient capital 50% 25% 39%
Lack of a market for
recycled waste 50% 25% 39%
Concern with product
quality 20% 63% 39%
Technical limitations of
production processes 30% 38% 33%
Permitting burdens 40% 25% 33%

stream segregation. The second phase is characterized
by the NRC as the “development” phase, where gen-
erators employ more-sophisticated technologies and
generally must make greater capital investments. In
the third or “mature” phase, firms begin to confront
true technical limits to further waste reduction.

There are few purely technical limitations to waste
minimization in most firms at this time (Price, 1989, p.
235). Thus, few firms have exceeded the technical
limits of the NRC'’s second phase. The principal limita-
tion to further waste reduction by these generators is
what they perceive as cost-effectivetechnology, versus
the absolute availability of technologies that can
achieve further waste reduction. Limited availability of
technical information is also an economic phenome-
non. The principal constraint is not the absence of
such information; rather, it is the cost of obtaining this
information. These so-called information costs are
mainly the staff time required to locate and analyze the
available information. This suggests that many so-
called technical limitations are conditioned on the
economics of waste management and information
acquisition and may, therefore, be changed by altering
those economics.

From Table 5 it is evident that smaller firms are
more likely to report constraints due to lack of avail-
able technical information and insufficient capital. On
the other hand, they are less likely to identify concern
with product quality as a constraint than are larger
firms, and larger firms are slightly more likely to iden-
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tify technical limitations of production processes as a
constraint. In a 1985 survey of hazardous waste gen-
erators in New York State, the Rockefeller Institute of
Government found that generators with fewer than
500 employees ranked the cost of consultants as a
greater constraint to making advances in their waste-
management technology (Palmer and others, 1986, p.
58). They found, however, that firms with at least one
research and development (R&D) staff person ranked
lack of technical information as a more severe con-
straint than generators without R&D staff.

Taken together, the results of these two inquiries
suggest that perceived technical limitations to waste
reduction are not limited to the smaller firms, nor is
concern with the availability of technical information.
It would appear, however, that financial constraints
are most significant for the smaller firms.

OPTIONS FOR PROMOTING
WASTE MINIMIZATION

Public policies for promoting minimization of haz-
ardous waste can be grouped into three categories: (1)
direct regulation, (2) economic incentives, and (3)
technical assistance. These options are assessed here
in light of the findings from the Oklahoma survey and

- other empirical studies.

Direct Regulation

Public-policy-makers have generally been reluctant
to interfere directly in decisions about manufacturing
processes (Blomquist, 1988, p. 828,831,845). Policy-
makers have, however, been willing to use reporting
requirements as a means of promoting waste minimi-
zation. They have also been willing to limit use of haz-
ardous-waste disposal technologies that are ranked
lowest on the waste management hierarchy—for ex-
ample, the federal land-disposal bans.

Under regulations promulgated pursuant to HSWA,
hazardous-waste generators are required to sign a
certification statement on the uniform hazardous-
waste manifest, which states that the generator has a
waste-minimization program in effect, and that they
have selected the economically practicable method of
waste treatment or disposal that minimizes present
and future threat to human health and the environ-
ment (Freeman, 1989, p. 1). Generators are also re-
quired to document their waste-minimization pro-
grams in their biennial reports which are filed with the
EPA or authorized state. The effectiveness of these
reporting requirements is open to debate. None of the
21 largest Oklahoma generators that were interviewed
mentioned these as a factor that contributed to their
decisions to initiate waste minimization.

The interviews of large generators in Oklahoma
suggest that the federal land-disposal bans have been
a major factor in prompting these generators to initi-
ate waste-minimization activities by increasing the
costs of permissible waste-management practices. A
recent study by the author of the effect of public poli-
cies on hazardous-waste management in New York

State (Deyle and Bretschneider, in preparation), also
suggests that land-disposal restrictions have been a
factor in motivating shifts to lower-risk technologies in
the waste-management hierarchy, such as incinera-
tion and recycling.

Economic Incentives

It is evident that economics is the principal factor
driving waste-minimization initiatives, and that eco-
nomic and technical limitations to waste minimiza-
tion are interrelated. Public policy initiatives that have
a significant effect on the economics of waste minimi-
zation can be anticipated to influence waste-manage-
ment decisions. Several avenues are available for influ-
encing the economics of hazardous-waste manage-
ment. These include taxing waste generation and dis-
posal, providing tax incentives for waste-minimization
investments, and providing financial assistance to
generators for waste-minimization initiatives.

Waste-End Taxes

One option for influencing the economics of haz-
ardous-waste management is to impose a tax on the
generation or disposal of hazardous waste. These so-
called waste-end taxes have been imposed in at least
23 states, primarily to raise revenues for state pro-
grams, such as remediation of abandoned hazardous-
waste-disposal sites (Anonymous, 1989; Bulanowski
and others, 1981, p. 18-19,43-45; United States Gen-
eral Accounting Office, 1984, p. ii; ICF Consulting As-
sociates, 1985, p. 41-44).

Deyle and Bretschneider (in preparation) have
found evidence that the waste-end tax in New York
may have promoted shifts from land disposal and
treatment to incineration and recycling. However,
they were unable to demonstrate any clear association
between the tax and waste minimization over the pe-
riod 1983 through 1986. No other studies have been
identified that document a significant effect of such
taxes on waste-minimization decisions. In many cases
this may be due to a relatively low level of taxation that
does not significantly influence the marginal cost of
hazardous-waste management. In some states the tax
rate is as low as $0.35/ton, while in others it is as high
as $70/ton.

Tax Concessions

The economics of hazardous-waste minimization
can also be affected by state financial-assistance pro-
grams. Some states offer tax concessions to generators
for investments in waste-minimization technology
(Focella, 1989, p. 18; United States Congress Office of
Technology Assessment, 1986, p. 59; ICF Consulting
Associates, 1985, p. 4-8). These include tax credits, tax
exemptions, and accelerated depreciation.

There is some question as to whether tax conces-
sions function as true incentives that actually affect
decisions. It has been argued that these serve essen-
tially as subsidies to generators who initiate waste
minimization for reasons independent of the tax con-
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cessions (S. Betts, personal communication, October
1989; United States Congress Office of Technology
Assessment, 1989, p. 326). This appears to have been
the case in Oklahoma under the Recycling, Reuse, and
Ultimate Destruction Incentive Act.

Direct Financial Assistance to Generators

Other forms of financial assistance include issuance
of state loans or state loan guarantees to firms for in-
vestments in waste-minimization equipment and
state grant programs. Only two states, Connecticut
and New York, were reported as offering low-interest
loans in a recent study conducted by the National
Governors’ Association (Focella, 1989, p. 62,76). Some
state loan-guarantee programs for pollution-control
equipment may also be applicable to capital invest-
ments in waste minimization. Little information is
available on the effectiveness of these programs. Data
from the New York State program suggest that loans
are generally utilized only by the larger firms (New
York State Environmental Facilities Corporation, 1988,
p- 42).

Grant programs have been used as a means of ad-
dressing the financial constraints to waste minimiza-
tion and to contending with perceived technical con-
straints. Some state grant programs, for example those
in California and Minnesota, are used to promote
adaptation of existing technologies to new waste-
management problems and to developing new waste-
management technologies (California Department
of Health Services, 1988, p. 15-16; Thompson and
McComas, 1987). Other states, such as Connecticut,
provide grants that subsidize some of the costs of
establishing a waste-minimization program within a
firm. Eligible activities include waste audits, personnel
training, and feasibility studies (Focella, 1989, p. 18).
The matching requirements of these programs can be
a barrier to participation by some firms.

Technical Assistance

Aside from grants programs, several states provide a
variety of technical-assistance services designed to
contend with the costs of accessing and utilizing perti-
nent technical information. These include technical-
information clearinghouses, direct-contact programs,
and waste exchanges.

Technical-Information Clearinghouses

A number of states have established technical-
information clearinghouses that maintain technical
libraries and provide user assistance through such
means as telephone hotlines, newsletters, and, more
recently, electronic bulletin boards. Several of the
clearinghouses have been established at the national
level, including one operated by the Governmental
Refuse, Collection, and Disposal Association (GRCDA)
under contract with EPA, and an electronic bulletin
board being developed by EPA (United States Environ-
mental Protection Agency, 1988). No evaluations have
been done that permit an assessment of the actual

impacts of these programs. The only data available
quantify use of these services by generators.

Waste Exchanges

Waste exchanges facilitate the transfer of wastes or
surplus materials from one industrial firm to another.
Successful transfers achieve waste minimization
through recycling or reuse of materials that otherwise
would be discarded for disposal. While the majority of
wastes handled by these exchanges would qualify as
hazardous wastes, nonhazardous industrial wastes are
often handled as well. Utilization of a waste exchange
by a hazardous-waste generator has been determined
to satisfy federal requirements governing waste-mini-
mization efforts (McDaniel, 1989, p. 241).

A number of the waste exchanges do not conduct
any regular formal evaluations of their programs, nor
do they publish annual reports (E. Jones, personal
communication, April 1989; R. McCormick, personal
communication, April 1989). Most evaluation data that
have been produced only measure activity levels.
These have increased dramatically for waste ex-
changes that have been in operation for several years
(L. Cutler, personal communication, April 1989;
McDaniel, 1988, p. 14). Actual impacts on the volumes
of hazardous waste disposed are difficult to accurately
document, since most waste exchanges do not calcu-
late such numbers explicitly. The Southeast Waste
Exchange reported transfers of acids, alkalis, other
inorganics, solvents, other organics, metals and metal
sludges, and oils and waxes totalling 23,225 tons in
1987-88 (McDaniel, 1989, p. 17). If one assumes that
all of these materials constitute substances that would
be regulated as hazardous wastes, this total represents
20% of the hazardous waste generated in 1985 in the
eight states within the region served by the waste ex-
change, based on 1985 EPA biennial report data
(DPRA, 1988, p. IV-2). The Northeast Industrial Waste
Exchange reported successful exchanges in 1987 for
about 3,103 tons of chemical and metal wastes (Cutler,
1988, p. 9-12). If all of these are assumed to be hazard-
ous wastes, they represent 7% of the hazardous waste
generated in 1985 in the 11 states that are primarily
encompassed by the exchange.

Direct-Contact Programs

Some states and universities, as well as the EPA,
conduct workshops, seminars, and conferences to
provide information on waste minimization technol-
ogy to interested generators. While these formats
make more-efficient use of public resources, the
Rockefeller Institute survey of New York State genera-
tors found that firms were less likely to participate in
workshops and seminars that were more than 25 miles
from their place of business (Palmer and others, 1986,
p- 89-90). The effectiveness of these programs in ac-
complishing technology transfer is also constrained by
the expertise of the participants (Deyle, 1989, p. 101).

More-direct assistance is provided through on-site
consultation, including waste-management audit
programs, many of which are free or subsidized by
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state funds. Typically these programs are targeted at
small and medium-sized businesses which are per-
ceived to have more limited in-house expertise. On-
site technical-assistance programs are widely recog-
nized as the most effective means of promoting haz-
ardous-waste minimization (Deyle, 1989, p. 99-100),
but they are also the most resource-intensive.

Oklahoma Initiatives

Oklahoma has no formal technical-assistance pro-
gram for hazardous-waste generators, and the State
does not operate a waste exchange. The OSDH had
one staff member who initiated some waste-minimi-
zation technical assistance efforts in 1987 and 1988,
but the program was discontinued (Oklahoma State
Department of Health, 1989, p. 22). An application has
been submitted to the EPA by the OSDH for funding a
technical-assistance program under the Pollution
Prevention Incentive for States grants program.

Oklahoma is listed as an affiliate of the Illinois In-
dustrial Material Exchange Service, but distribution is
on an ad hoc basis by members of the OSDH staff (R. F.
Rood, personal communication, September 1989).
Several of the other waste exchanges include listings or
inquiries from Oklahoma firms (E. Jones, personal
communication, April 1989; R. McCormick, personal
communication, April 1989; M. McDaniel, personal
communication, April 1989). The Texas waste ex-
change plans to promote its services with Oklahoma
industries in 1990 (C. Wilson, personal communica-
tion, April 1989).

Oklahoma offers two tax incentives for waste mini-
mization: (1) an income-tax credit for capital invest-
ments in facilities for recycling, reuse, or ultimate
destruction of hazardous waste; and (2) a sales-tax
exemption for the purchase of machinery, equipment,
fuels, and chemicals used in the process of treating
hazardous wastes to reduce their toxicity or volume.
No data are available on participation in the sales-tax
exemption. A total of three income-tax credits have
been granted under the tax-credit program since it
went into effect on January 1, 1987: (1) storage and

_piping systems for a commercial solvent recycling
facility (11/87); (2) on-site distillation unit for a genera-
tor (3/89); (3) on-site distillation unit for a second
generator (5/89). Data are not available on the net
reduction in hazardous waste disposal that resulted
from installation of these recycling systems. While half
'of the Oklahoma generators surveyed in this study said
they were familiar with the Oklahoma income-tax
credit program, only 19% thought the tax credits might
make a difference in their firm’s assessment of waste-
minimization options.

Oklahoma has no tax on hazardous-waste genera-
tion and disposal, other than a permit fee system
based on the number of regulated hazardous-waste
streams a generator has. This system does incorporate
a small financial incentive for waste minimization
through recycling. A minimum tax of $100 is paid. The
annual fee for each additional waste stream is $50.
Hazardous wastes that are recycled on-site or at off-

site facilities are not subject to the tax beyond the $100
minimum. One of the generators surveyed mentioned
this as an incentive for his firm’s waste-minimization
activities. A tax on hazardous-waste disposal is under
consideration for financing the State’s Superfund
cleanup program.

CONCLUSIONS

Most of the waste minimization that has taken place
or is under way in Oklahoma appears to have been
initiated in response to economic incentives, most of
which are rooted in federal policies—namely, the land
disposal bans and CERCLA liability. While substantial
reductions in hazardous-waste generation have oc-
curred in the State since 1985, it is likely that response
to these economic incentives will have leveled off by
1991 or 1992. Further progress in waste minimization
in the State will require initiatives to provide additional
economic incentives, either by raising the marginal
costs of hazardous-waste generation still further, or by
reducing the economic constraints to further waste
minimization.

State efforts to contend with the information costs
of waste minimization, through technical-assistance
programs, may have substantial payoffs. Formal sup-
port for waste exchange—for instance, through active
involvement in one or more of the existing ex-
changes—could have some measurable impact on
waste reduction. A state technical-information clear-
inghouse that ties in with one or more of the existing
national systems could also help diminish problems
generators have encountered in obtaining appropriate
technical information. Finally, the State could facili-
tate exchange of information among generators in the
State. In particular, an effort to disseminate informa-
tion from the innovative waste-minimization projects
at Tinker Air Force Base could benefit a number of
other industries in the State, including aircraft- and
vehicle-maintenance operations, and fabricated-
metal-products industries.
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