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\3 Preface

Hydrocarbon contamination of soils has been a major focus of regulatory agen-
cies and the research community for the past decade. While the research base
upon which to provide public health and regulatory guidance to state and federal
agencies was extremely limited in the early to mid portion of the 1980s, the past
five years have witnessed a rapid maturation in the field, especially with respect
to analysis, fate modeling, public health risk assessment, and remediation. The
field has also seen the creation and development of an international advisory or-
ganization (CHESS—The Council for Health and Environmental Safety of Soils)
comprised of representatives of the federal and state governments, the private
sector, and academia. CHESS is designed to provide technical information ex-
change to affected parties of soil contamination and has as its ultimate goal the
development of a clear and adaptable decision framework methodology for as-

contaminated soils (September 1989, Amherst, MA), is designed to provide a
benchmark for the 1990s, since it captures and assesses the progress of the 1980s
while helping to shape the directions of regulatory and research initiatives of the
1990s. The conference assesses where the field is with respect to the identifica-
tion of critical current issues as well as emerging concerns (Chapter 1-6), ana-
lytical methods and environmental fate (Chapters 7-12), remedial techniques
(Chapters 13-19) risk assessment (Chapters 20-25), and regulatory considera-
tions (Chapters 26-28).

The book, therefore, represents a carefully interwoven synthesis of this matur-
ing field, offering not only a historical perspective but also a perspective on fu-
ture developments, all within the context of practically oriented solutions. Thus,
this book will assist those facing the challenge of effectively solving the problem
of petroleum contaminated soils, including the federal and state regulatory com-
munity, public health officials and affected industries, as well as the environ-
mental consultant community. It is these groups who are deeply involved with
developing creative, cost-effective assessments and solutions able to withstand
the demands of regulatory requirements. In addition, this book gives students
a broad perspective on the problem by integrating the various dimensions into
an intelligible whole so that a proper, balanced appreciation of the problem will
be discernible.

&

sessing and remediating soil contaminated sites. £ (N v'R ot £NT, I3,
This book, the proceedings of the fourth national conference on hydrocarbon




Acknowledgments

The Conference was a tremendous success because of the hard work, dedica-
tion, and support of many people and organizations. Special thanks to the fol-
lowing friends of the conference:

Dir. Barry Johnson and Cynthia Harris
Agency for Toxic Substances and Disease Registry
1600 Clifton Road, Northeast
Atlanta, GA 30333

Bruce Bauman and Members of the Groundwater Task Force
American Petroleum Institute
1220 L Street, Northwest
Washington, DC 20001

Chris Barkan
Association of American Railroads
50 F Street, Northwest
Washington, DC 20001

Vice Pres. Thomas Veratti
CON-TEST
39 Spruce Street
East Longmeadow, MA 01028

James Dragun
The Dragun Corporation
3240 Coolidge
Berkley, MI 48072

Vice Pres. Willard Potter and Ken Goldbach
Dunn Geoscience Corporation
Lincoln Center
299 Cherry Hill Road
Parsippany, NJ 07054

Vice Pres. Steven Jinks
EA Engineering, Science, & Technology, Inc.
Maple Building
3 Washington Center
Newburgh, NY 12550




z

N

Chr. Joseph Shefcek, John Novak, and Gayle Harreld
Utility Solid Waste Activities Group
Edison Electric Institute
1111 19th Street, Northwest
Washington, DC 20036

Mary McLearn and Gordon Newell
Electric Power Research Institute
3412 Hillview Avenue
Palo Alto, CA 94303

Ronald Brand and Vinay Kumar
EPA/Office of Underground Storage Tanks
401 M Street, Southwest
Washington, DC 20460

Pres. John Frawley
International Society of Regulatory Toxicology & Pharmacology
6546 Belleview Drive
Columbia, MD 21046

Dep. Commr. Ken Hagg, James Coleman, and Susan Fessenden
MA Department of Environmental Protection
1 Winter Street
Boston, MA 02108

Vice President Thomas Swoyer and Kate Strauser
Roy F. Weston Inc.
Weston Way
West Chester, PA 19380

Irwin Baumel
U.S. Army Biomedical Research and Development Lab
Fort Detrick
Frederick, MD 21701




Paul T. Kostecki, a Senior Research Associate/Adjunct Faculty in the Environ-
mental Health Sciences Program at the University of Massachusetts, Amherst,
received his PhD from the School of Natural Resources at the University of Michi-
gan in 1980. He has been involved with risk assessment and risk management
research for contaminated soils for the last five years, and is coauthor of Remedial
Technologies for Leaking Underground Storage Tanks and coeditor of Soils Con-
taminated by Petroleum Products and Petroleum Contaminated Soils, Vols. I and
II. Dr. Kostecki’s yearly conference on petroleum contaminated soils draws
hundreds of researchers and regulatory scientists to present and discuss state-of-
the-art solutions to the multidisciplinary problems surrounding this issue. Dr.
Kostecki also serves as Managing Director for the International Society of Regula-
tory Toxicology and Pharmacology’s Council for Health and Environmental Safety
of Soils (CHESS).




g

Edward J. Calabrese is a board certified toxicologist who is professor of toxi-
cology at the University of Massachusetts School of Public Health, Amherst. Dr.
Calabrese has researched extensively in the area of host factors affecting suscep-
tibility to pollutants, and is the author of more than 240 papers in scholarly jour-
nals, as well as 10 books, including Principles of Animal Extrapolation, Nutrition
and Environmental Health, Vols. I and I, Ecogenetics, Safe Drinking Water Act:
Amendments, Regulations and Standards, Petroleum Contaminated Soils, Vols.
I'and I1, and Ozone Risk Communication and Management. He has been a mem-
ber of the U.S. National Academy of Sciences and NATO Countries Safe Drink-
ing Water committees, and most recently has been appointed to the Board of
Scientific Counselors for the Agency for Toxic Substances and Disease Registry
(ATSDR). Dr. Calabrese also serves as Chairman of the International Society
of Regulatory Toxicology and Pharmacology’s Council for Health and Environ-
mental Safety of Soils (CHESS).



Contents

PART I
ISSUES AND PERSPECTIVES

. Evaluating Migration of Petroleum Products in Soil to

Determine Public Health Implications: The Health
Assessment Process, Chebryll Carter . .. .................

. EIL Insurance for Underground Storage Tanks: The

Changing Market, William P. Gulledge ..................

PART 11
STATE OF RESEARCH

. Petroleum Release Decision Framework (PRDF),

Phillip J. Ludvigsen, David H. Chen, Curtis C. Stanley, and
David Draney . .......... .. ... . . . . i,

. The Department of Defense Research Program for Cleanup

of Contaminated Soil, Patricia L. D. Janssen .............

. Environment Canada Research on Land Treatment of

Petroleum Wastes, T. L. Bulman, B. E. Jank, and
R. P Scroggins ........ ... .. 0. i,

. An Update on a National Survey of State Regulatory Policy:

Cleanup Standards, Charles E. Bell, Paul T. Kostecki, and
Edward J. Calabrese. . ................................

PART I

ANALYTICAL AND ENVIRONMENTAL FATE

. Misapplications of the EP-Tox, TCLP, and CAM-WET

Tests to Derive Data on Migration Potential of Metals in
Soil Systemss, James Dragun, John Barkach, and
Sharon A. Mason . .. ........... ... ... ... ... .. .. ... ....

19

29

35

49

75




P Y ——-—-)b—-J

-alh

10.

11.

12.

13.

14.

15.

16.

17.

. Fingerprinting Petroleum Products: Unleades Gasolines,

Thomas L. Potter. . . .......... ... ...

. Relationships Between Chemical Screening Methodologies

for Petroleum Contaminated Soils: Theory and Practice,
S. A. Denahan, B. J. Denahan, W. G. Elliott,
W. A. Tucker, M. G. Winslow, and S. R. Boyes ... ........

Electrochemiluminescent Optrode Development for Rapid
and Continuous Monitoring of Petroleum Contamination,
Brian G. Dixon, John R. Deans, John Sanford, and

Bruce J. Nielsen ............. .. .. ... . iciiiia.. ..

Simplified Soil Gas Sensing Techniques for Plume Mapping
and Remediation Monitoring, Don H. Kampbell,
John T. Wilson, and David W. Ostendorf. . ...............

Differentiation of Crude Oil and Refined Petroleum Products
in Soil, Ann L. Baugh and Jon R. Lovegreen .............

PART IV
REMEDIAL TECHNOLOGIES

Biological Treatment of Soils Contaminated by Petroleum
Products, Robert N. Block, Thomas P. Clark, and
Mark Bishop . ...... ... ... . ... ..,

In Situ Biological Remediation of Petroleum Hydrocarbons
in Unsaturated Soils, Dennis Dineen, Jill P. Slater,
Patrick Hicks, L. Denise Clendending, and James Holland . .

Integrated Zero-Emission Groundwater and Soil Remediation
Facility at Lockheed, Burbank, Ron Derammelaere and
Ron Helgerson .. .......... .. ... . ... ... . i iiiiunn.

Study of Possible Reuse of Stabilized Petroleum
Contaminated Soils as Construction Material, Sibel Pamukcu,
Hazem M. Hijazi, and H. Y. Fang .......... ...........

Soil Vapor Extraction Research Developments,
George E. Hoag, Michael C. Marley, Bruce L. Cliff, and
Peter E. Nangeroni . ..................................

83

93

111

125

141

167

177

189

203

215




18.

19.

20.

21.

22.

23.

24.

25.

26.

Bioremediation of Heavy Petroleum Oil in Soil at a Railroad
Maintenance Yard, Anthony Ying, James Duffy,
Greg Shepherd, and David Wright ......................

Soil-Induced Decomposition of Hydrogen Peroxide:
Preliminary Findings, Bernard C. Lawes .................

PART V
RISK ASSESSMENT

A Critical Evaluation of Indicator Compound Methodologies
for No. 2 Fuel Oil, Charles E. Gilbert and
Edward J. Calabrese. .................................

The Effect of Soil Type on Absorption of Toluene and Its
Bioavailability, Rita M. Turkall, Gloria A. Skowronski, and
Mohamed S. Abdel-Rahman . ...........................

Estimates for Hydrocarbon Vapor Emissions Resulting from
Service Station Remediations and Buried Gasoline-

Contaminated Soils, Paul C. Johnson, Marvin B. Hertz, and
Dallas L. Byers . ........... ..o iiiieiniininai..

A Toxicological Assessment of Unleaded Gasoline
Contamination of Drinking Water, William R. Hartley and
Edward V. Ohanian . ........ ... ... ...

Choosing a Best Estimate of Children’s Daily Soil Ingestion,
Edward J. Stanek I1l, Edward J. Calabrese, and
Charles E. Gilbert . . ....... ... .. . . . . . i,

Adult Soil Ingestion Estimates, Edward J. Calabrese,
Edward J. Stanek I, Charles E. Gilbert, and
Ramon M. Barnes . .......... ... ... . ... . i iiiiiiinn..

PART VI
REGULATORY CONSIDERATIONS

State of Florida Policy for Soil Treatment at Petroleum
Contaminated Sites, Wm. Gordon Dean and
Brian K. Cobb .. ......... . ... . . ... . . . . . ..

xi

227

239

253

283

295

327

341

349

359




27. Interpretation of State Guidelines and Requirements for
Innovative Remedial Solutions: One Regulatory Agency’s
Experience, Anna Symington and Audrey Eldridge . . .. ... ..

28. An Analytical Manual for Petroleum and Gasoline Products
for New Jersey’s Environmental Program, Michael W. Miller
and Dennis M. Stainken ................ ... ... ... .. .. ..

Glossary of Acronyms . .......... ... ... .. .. ...... ... ..

List of Contributors ............... ... . ... ... ... .. ..

xii

371

383
399
403




Petroleum
Contaminated Soils

Volume 3




PART |

Issues and Perspectives




- 4

CHAPTER 1

Evaluating Migration of Petroleum Products in
Soil to Determine Public Health Implications:
The Health Assessment Process

Chebryll ). Carter, Agency for Toxic Substances and Disease Registry, Public Health
Service, Atlanta, Georgia

The release of hazardous substances into the environment is becoming an in-
creasingly widespread problem. The Agency for Toxic Substances and Disease
Registry (ATSDR) was created to implement activities that will help to prevent
or mitigate the adverse human health effects and diminished quality of life result-
ing from exposure to hazardous substances in the environment. One of the prin-
cipal mechanisms used to achieve this goal is the health assessment process. The
process is used as a tool to determine how environmental contamination can reach
human populations and cause potential human health effects.

Spills, leaks, wastewater discharge, vapor/gas emissions, and similar releases
related to petroleum refining and other petrochemical processes are contributing
to the environmental contamination. Soil is one of the major environmental me-
dia that is being contaminated by such releases. Petroleum products have been
identified as soil contaminants at many hazardous waste sites.

In this chapter, I will give the reader a public health perspective on evaluating
the fate and transport of petroleum products in the soil as part of the Health As-
sessment process. I will also attempt to explain how this evaluation ultimately
translates into assessing the public health risk associated with exposure to these
types of contaminants.
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4  PETROLEUM CONTAMINATED SOILS
THE ATSDR HEALTH ASSESSMENT

An ATSDR Health Assessment is the evaluation of data and information on
the release of hazardous substances into the environment in order to assess any
current or future impacts on public health, develop health advisories or other
recommendations, and identify studies or actions needed to evaluate and mitigate
or prevent human health effects. This statement is the formal definition of an
ATSDR Health Assessment. A simpler definition is that a Health Assessment
is an evaluation designed to answer the following questions, which are most fre-
quently asked by people living around hazardous waste sites:

. What contaminants are in the onsite and offsite environmental media?

. What concentrations of contaminants have been detected?

. Where are these contaminants located with respect to human populations?
. Can the contaminants get to me?

If so, will my family get sick?

. What is being done about the contamination?

[ VN e

To answer these questions, the health assessor must consult a variety of in-
formation sources to gain knowledge of the characteristics of the site. Informa-
tion about the site’s history, future, and past land uses in the area, community-
specific databases for health outcomes, and other site-related factors (e.g., site
access, ground cover) must be collected to evaluate the public health implica-
tions of the site.

CONTAMINANTS OF CONCERN (ONSITE AND OFFSITE)
AND THEIR CONCENTRATIONS

What contaminants are in the onsite and offsite environmental media?
What concentrations of contaminants have been detected?

Once the site characterization information has been evaluated, the health as-
sessor must determine which contaminants present at the site are most likely to
pose a public health concern. Such chemicals and compounds as benzene, xy-
lene, polyaromatic hydrocarbons (PAHs), toluene, and metals are potential con-
taminants of concern when petroleum products have been released into the
environment. Identifying the contaminants of concern is an iterative process, dur-
ing which the following elements are examined: the range of contaminant con-
centrations present at the site, the number of times a contaminant was detected
at levels of public health concern during a particular sampling event, the quality
of environmental sampling data, and the potential for human exposure to those
contaminants present.

The health assessor must also evaluate the physical and chemical properties
of the contaminants to determine the potential the chemicals have to migrate and
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contaminate offsite environmental media. Water solubility, vapor pressure, bio-
logical concentration factors, soil/water partition coefficients, volatility, and
biodegradation factors are just some of the relevant factors that greatly influence
not only the time it takes for a contaminant to move in an environmental medium,
but also influence what quantity of the contaminant will potentially be present
in a particular environmental medium.

In addition, background levels are used to determine if the concentrations of
contaminants detected at the site are within the range of typical values for the
state, region, or nation. Contaminants that exceed maximum reported background
levels should be listed as contaminants of concern. At some sites, chemical
concentrations that are considered background may be at levels that are of poten-
tial concern to public health. In these instances, both the background and site-
related contaminant concentrations are considered in determining the contami-
nants of concern.

PATHWAYS TO HUMAN EXPOSURE

Where are these contaminants located with respect to human popu-
lations? Can the contaminants get to me?

Identifying the environmental pathways of concern is the next step in the health
assessment evaluation process. The term environmental pathways is used to
describe the transformation and transport processes that could affect the con-
taminants of concern. These pathways are significant because they determine how
individuals may come into contact with site-related contaminants.

Current and potential contamination of surface water, groundwater, soil, air,
consumable plants, consumable animals, and animal products are all considered
in the evaluation. Environmental pathways that should be considered involve the
transport of gases, liquids, and particulate solids within a given medium, across
the interfaces between air, water, and soil. For the purposes of this chapter, soil
is the principal environmental medium of concern, and the specific environmen-
tal pathways that are considered of concern are contaminant migration from sur-
face soil to air, surface soil to subsurface soil, and subsurface soil to groundwater.

The fate and persistence of chemicals in soil is a complex function of physical,
chemical, and biological factors—the main ones being the specific chemical and
its formulation, soil class, organic composition, specific physicochemical proper-
ties, type of cover vegetation, degree of soil cultivation, and nature of the microbial
population.' For instance, the soil class (i.e., dominant grain size or grade) may
help the health assessor determine permeability, or how persistent contaminants
will be in the soil. The organic composition of the soil may influence how tightly
some contaminants will bind to the soil. Porosity, absorption, and cation exchange
capacity are also used to determine migration potential in the soil.

Hazardous materials will react differently in different soil-solvent systems. For
example, the heavy metals found in petroleum products will tend to sorb to soil
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particles, making the metals virtually immobile. On the other hand, the volatile
organic compounds, such as benzene and toluene, will tend to evaporate and
volatilize from the surface soil into the air or migrate from subsurface soils into
the groundwater. The soil environment represents a significant transport path-
way for many volatile hazardous materials.

As previously mentioned, both the air and groundwater can be contaminated
by chemicals migraiing from the soil. In addition to these environmental media,
the assessor may also consider surface water and sediment as potential routes
of contaminant transport. Runoff from the site may transport surface soils off-
site and potentially contaminate both sediment and surface water. Furthermore,
food-chain contamination may occur through uptake of contaminants by plant roots
and bioaccumulation in plants and in animals that consume these plants.

If the soil is found to have elevated concentrations of petroleum products and
if there are completed environmental pathways, the assessor then determines if
there are completed human exposure pathways. For soil, one would be concerned
with ingestion (whether it be inadvertent or pica), inhalation of volatilized con-
taminants and contaminated reentrained dust particles, and direct contact.

PUBLIC HEALTH IMPLICATIONS
Will my family get sick?

The next step in the health assessment process is to evaluate the public health
implications associated with the site. This process includes evaluating the toxicity
of contaminants at the concentrations found in the soil; determining the presence
of completed human exposure pathways; and, then, assessing possible health ef-
fects associated with exposure to the contaminants of concern at the levels detected.

Most people living in the vicinity of hazardous waste sites are exposed to chem-
ical contaminants at low concentrations for long periods of time. The responses
to exposure to this type of low-level, long-term exposure, if any, are likely to
be nonspecific, i.e., an increase in the frequency of chronic diseases that are also
present in nonexposed populations.! Low-level chemical exposures may play con-
tributory, rather than primary, roles in the causation of an increased disease inci-
dence, or they may not express their effects without the coaction of other factors.!

An integral part of this phase of the health assessment process is reviewing
and evaluating health-related databases to assess past and current health-outcome
parameters associated with populations living near the site. Evaluating health-
outcome parameters is a community-specific, interactive process that involves
the health assessors, data source generators, and the targeted community. Health-
outcome databases to be considered include medical records, morbidity and mor-
tality data, tumor and disease registries, and surveillance data.
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FOLLOW-UP ACTIVITIES
What is being done about the contamination?

Both health- and environmental-related follow-up actions can be initiated as
a result of the health assessment evaluation process. These follow-up activities
are included in the recommendations and conclusions sections of the Health As-
sessment.

Health-related follow-up actions may include such measures as (1) writing Public
Health Advisories to reflect concerns related to human exposure to site-related
contaminants; (2) initiating emergency actions such as the evacuation of residences;
(3) fencing the site to limit access to contaminated areas; and (4) determining
whether health studies or other follow-up activities (i.e., health surveillance, ex-
posure assessments, exposure and disease registries, epidemiological investiga-
tions) need to be undertaken. Environmental-related follow-up actions may include
(1) requests for additional sampling to better characterize the nature and extent
of contamination in a given environmental medium; (2) emergency soil removal
or soil remediation; and (3) recommendations to the Environmental Protection
Agency (EPA) or state designed to help determine which remedial alternatives
will protect human heaith. ATSDR does not decide which of the alternatives will
be implemented at the sites; EPA is responsible for choosing the remedial alter-
natives.

SUMMARY

In conclusion, the ATSDR Health Assessment is an analysis of the public health
implications of the facility or release under consideration. It is based on profes-
sional judgment and weight of evidence analysis, and is part of the public record.
Ultimately, the Health Assessment is conducted to help provide answers to the
questions that people living in the area of the hazardous waste site will ask, and
to prevent the diminished quality of life that can be caused by hazardous waste
in the environment.

REFERENCES

1. Lippmann, M., and R.B. Schlesinger. Chemical Contaminants in the Human Environ-
ment (New York: Oxford University Press, 1979), pp. 170-175.
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CHAPTER 2

EIL Insurance for Underground Storage Tanks:
The Changing Market

William P. Gulledge, Front Royal Group, Inc., McLean, Virginia

Three major changes have occurred in the environmental impairment liability
(EIL) insurance market over the past year. While EIL coverage for industrial
exposures is still quite limited, more insurance carriers are now offering cover-
age for underground storage tank (UST) exposures. The second major change
that has occurred focuses on differing underwriting requirements that UST owners
and operators are subjected to in order to obtain an EIL policy. Finally, the growth
of state funds to cover all or portions of the federal financial responsibility re-
quirements has impacted the insurance marketplace in many states and presented
more options to owners and operators.

THE INSURANCE MARKET

Approximately one year ago, there were only three to six major carriers offer-
ing EIL coverage for USTs. With the implementation of the January and Oc-
tober 1989 financial responsibility deadlines, more carriers have entered the UST
insurance market. Today, approximately 15 companies offer full or partial cover-
age to meet the Environmental Protection Agency’s (EPA’s) financial responsi-
bility requirements. The major companies are listed in Table 1. Any new insurance
product, such as EIL insurance for USTs, goes through a shakedown period in
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Table 1. UST Insurance Market Contacts

Agricultural Excess and Surplus Insurance Co.
515 Main Street/P.O. Box 2575

Cincinnati, OH 45201

513-369-5880

American Home Assurance Company (AIG)
70 Pine Street

New York, NY 10270

202-770-5398

Environmental Protection Insurance Co.
(Risk Retention Group)

111 Canal Street

Chicago, IL 60606

312-715-0800

Federated Mutual Group
121 East Park Square
Owatonna, MN 55060
800-533-0472

Front Royal Group, Inc.

7900 Westpark Drive, Suite A300
McLean, VA 22102

703-893-0900

James Group Services

230 West Monroe Street, 9th Floor
Chicago, IL 60606

312-236-0220

Oilmen’s Insurance

350 Fifth Avenue, Suite 6805
New York, NY 10118
212-629-4290

Petroleum Marketers Mutual Insurance Co. (PETROMARK)
(Risk Retention Group)

c/o The Planning Corporation

11347 Sunset Hills Road

Reston, VA 22090

703-481-0200

Shand Morahan & Co.
Shand Morahan Plaza
Evanston, IL 60201
312-866-0716

which some carriers quickly enter and leave the market, and other carriers in-
tend to offer the coverage for the long term.

The most notable exit from UST insurers during the past year was the Pollu-
tion Liability Insurance Association (PLIA). For a variety of reasons, PLIA chose
not to renew existing policies or offer coverage to new owners and operators.
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Other carriers who have been writing EIL coverage for several years are in the
process of changing their EIL policy conditions to meet EPA UST insurance re-
quirements. Requirements currently being addressed include coverage for onsite
contamination, defense costs outside the primary limits of liability, and provi-
sions for an extended claims reporting period. The EPA is also expected to re-
vise the regulations on providing notice to the insured in the event a policy is
cancelled for nonpayment of premium.

The number of insurance carriers offering UST EIL insurance is expected to
stabilize at the current number of carriers. The final two financial responsibility
deadlines, April and October, 1990, will likely generate additional interest among
larger multiline insurance companies, but it is doubtful many of these larger car-
riers will enter the market. The vast majority of policies will continue to be writ-
ten by specialty carriers.

COPING WITH DIFFERING UNDERWRITING REQUIREMENTS

Concurrently with the growth in insurance providers for UST exposures comes
the growth in underwriting requirements. During the last year, underwriting cri-
teria or technical standards used to define acceptable and preferred risks have
not changed dramatically. Newer and upgraded UST components are still con-
sidered better environmental risks, and the owners of these facilities generally
pay lower premiums for UST coverage. Premiums still range from a low of ap-
proximately $1,500 per retail petroleum site to a high of $10,000 for a higher
risk site. The biggest change has come in the amount of up-front environmental
data that is required to review a site.

More carriers are requiring technical data that goes beyond the EIL applica-
tion itself. These data may include precision tests of tanks and piping, soil gas
readings from the pump island and tank excavation areas, site assessments focus-
ing on all potential environmental exposures from site operations and the sur-
rounding area, and computerized reconciliation of product inventory records.
Requiring this information has generated controversy with UST owners and oper-
ators. Requirements may differ from one insurance provider to the next, and most
owners do not wish to duplicate several types of environmental analyses for each
site desiring insurance coverage.

It is clear that the environmental data are useful and necessary to evaluate a site
for EIL underwriting. The costs are being passed on to the owners of the facilities,
and they ultimately will pass the costs on to the consumer. Environmental ana-
lyses are yielding some very positive benefits. While directly serving as both an
insurance underwriting tool and a basis for the site owner to develop an upgrade
plan, indirectly the site assessments and environmental monitoring techniques are
uncovering incidents of past contamination. (Past contamination incidents may or
may not be covered within an EIL policy.) Some carriers can expect additional
claims for cleanup of past contamination, and premiums will rise accordingly.
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GROWTH IN STATE FUNDS TO PROVIDE
FINANCIAL RESPONSIBILITY COVERAGE

Encouraged by state-based petroleum marketing associations, many states during
the past year passed legislation creating state supported pollution cleanup funds
and financial responsibility programs. In 1988, only 5 or 6 states had such pro-
grams. By the end of 1989, 37 states had a cleanup fund or an insurance-like
program in effect, or were in the process of creating a program. Table 2 pro-
vides a summary of existing and possible future state programs.

There is no standard characteristic state program. Many were developed from
legislation that resulted from a perception that insurance to fulfill financial respon-
sibility requirements was not available. As mentioned earlier in this discussion,
this perception is not accurate. Many state programs have also been developed
with mixed objectives and, sometimes, goals that are contradictory. Some states
have created cleanup funds that are designed to pay for the cleanup of prior con-
tamination incidents. The state may hire a cleanup contractor directly, or the site
owner may hire a contractor and then be reimbursed by the state for his expense.
In either case, the state must administer the cleanup fund and track all expenses.

Several states with cleanup funds have mixed program objectives by also in-
cluding financial responsibility coverage. The goal of financial responsibility is
to provide coverage for future contamination incidents. The states that have cleanup
funds to address old contamination mixed with financial responsibility coverage
have confused objectives. Several states have exacerbated the problem by including
amnesty provisions or state cleanup for any petroleum-based pollution event,
regardless of when it occurred or was discovered.

Each element of state finar.cial responsibility programs differs from one state
to the next. Many states provide primary insurance coverage with deductibles
of $5,000 or $10,000. One state hopes to act as a reinsurer to state approved
commercial primary carriers. The limits of liability and coverage can also differ
dramatically from state to state. All programs cover cleanup costs, but many states
do not include third party liability coverage as required under the federal regula-
tions. Some states have separate limits for cleanup and third party liability, while
others combine these limits. Most programs provide the full $1,000,000 limit
for cleanup, but several states do not.

State funds are confusing to both owners who maintain UST facilities in multi-
ple states and insurers attempting to compete or wrap their insurance program
around a state fund. Two big items concern both parties. First, how well is the
state program capitalized to adequately handle all pollution claims? Many state
programs are funded by a wholesale tax on gasoline distribution. While presently
maintaining a surplus of funds, these states are experiencing a steady increase
in claims against the cleanup fund or financial responsibility program. Claims
management has been poorly done on the state level, so reserving, as a commer-
cial insurance entity would do, is not being practiced in the state program. With
this trend continuing, one would expect many funds to bx: under-capitalized over
a period of three to five years.
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The second item of concern is when, how, and who will respond when a pollu-
tion incident occurs. No insurer wants to give up the right to intervene on an
insured site to contain and remediate contamination. Similarly, neither the in-
surer nor site owner wish to wait until the state selects and assigns a cleanup
contractor to administer a claim against the state fund. Can either party com-
pletely trust the state to reimburse for expenses in a timely manner?

These issues and others not yet identified will continue to place state funds in
controversy. It is likely, over the long term, that legislators will see that some
state programs are under-capitalized and inefficient in operation. The commer-
cial insurance market will replace some of these state-based financial responsi-
bility programs.

SUMMARY

Each owner or operator of USTs should carefully compare and evaluate state
funds and commercial insurance providers. Table 3 lists nine critical questions
to ask. The UST insurance market will continue to evolve in the next year.

Table 3. How To Evaluate UST Insurance Providers

1. Does the policy comply with EPA regulations (corrective action, third-party liability, defense
costs, first dollar coverage, multistate admittance, extended reporting period)?

2. If no, is the palicy being revised?

3. Will the provider issue EPA Certificate of Insurance with the policy or equivalent documen-
tation?

4. Does the policy specifically exclude certain environmental exposures (preexisting con-
tamination, non-UST related)?

5. What are the application procedures and time period to receive a quote?

6. Are there additional requirements for underwriting (site assessments, tank test, environ-
mental monitoring, inventory records review)?

7. What deductible or self-insured retention limits are available?
8. What risk management and claims response services are provided with the policy?
9. How is the premium determined (risk based, per site or per tank)?
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CHAPTER 3

Petroleum Release Decision Framework (PRDF)

Phillip J. Ludvigsen, Automated Compliance Systems, Inc., Bridgewater, New Jersey
David H. Chen, American Petroleum Institute, Washington D.C.

Curtis C. Stanley, Shell Oil Company, Houston, Texas

David Draney, Chevron Corporation, San Francisco, California

The magnitude and seriousness of environmental problems associated with
petroleum releases from underground storage tanks warrant the need for power-
ful decisionmaking tools. The U.S. General Accounting Office has estimated the
costs resulting from the most recent underground storage tank (UST) federal regu-
lations (40 CFR Parts 280 and 281) to be in excess of $48 billion over the next
30 years. Without a structured approach to gathering and analyzing complex data
as well as communicating results, the UST investigation and cleanup process could
be hampered as a result of inefficiencies, delays, and cost overruns.

The Petroleum Release Decision Framework (PRDF) offers an integrated ap-
proach to facilitate rational decisionmaking for those involved in addressing
hydrocarbon releases primarily from USTs. The framework software presents
a logical methodology to collecting and archiving field information; characteriz-
ing the site; focusing on key decision parameters; and, if necessary, developing
and evaluating a corrective action plan. The framework emphasizes, above all,
an immediate response designed to protect the surrounding environment and public
health by controlling both further hydrocarbon releases and the spread of poten-
tial contamination.

One technique for presenting a logical approach to problem solving is the use
of hypermedia. Hypermedia is the interactive linking of text, graphics, databases,
citations, models, spreadsheets, and any supporting information into a computer-
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based graphical framework. The strict theoretical vision of hypermedia proposes
that every piece of information/knowledge be treated as a linkable element to
other related elements. The power of hypermedia is not in its ability to decide
where links should be placed, but its ability to establish a complex stream of links
between nearly any information element.

For graphical decision trees, the hypermedia user selects the decision node of
interest and immediately ‘‘zooms’’ to a higher resolution/level of detail. This
means that hypermedia documents allow users to view only the information that
is pertinent to making a given decision. The user also has instant access to
documentation that is germane to the decision node being viewed. The PRDF
software is structured to aid the user in comprehending the total solution (the
forest) among numerous subtasks and associated decisions (the trees) while focus-
ing on specific decisions and required information (the path). Figure 1 shows
a conceptualization of this tiered design.

The Forest The Trees The Path

Figure 1. A conceptualization of the tiered architecture.

THE PDRF SOFTWARE

The objective of building the decision framework is to develop an integrated
PC-based approach to facilitate rational decisionmaking for investigation and
cleanup of petroleum releases to soil and groundwater. To meet this objective,
the PDRF software is designed to serve seven critical roles:

1. A decision aid that facilitates rational decisionmaking for initial response
and abatement, site assessments, and if necessary, site remediation;

2. A training aid that assists novice field personnel in learning a technically
sound approach that can be customized by environmental managers to a given
corporate Or agency perspective;
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3. An electronic checklist and verification tool of steps and decisions that en-
vironmental managers can establish for field personnel or hired contractors that
would encourage consistency and thoroughness of information gathering, collat-
ing, and evaluation;

4. A site-specific information management system that allows key technical and
regulatory information to be stored or retrieved in free format via system *‘scratch
pads’’ and automatically generated ‘‘notebook’’ reports;

5. An archive of site-specific UST studies containing information that is specific
to initial response and abatement, site assessment, and if necessary, site remedi-
ation; this archive is designed to facilitate the overall UST management process;

6. Communication support allowing for user-specific examples, explanations,
and framework additions to be incorporated and then disseminated within a cor-
poration or organization; and

7. Future expansion that will allow other decision support tools (mathematical
models, simulation software, expert system advisors, object oriented databases,
etc.) to be attached to the framework.

Considering a site where a petroleum release from an UST is suspected, the
issue demands a logical way of confirming the suspicion. By using the PRDF
tool, one is able to go through the complete flow of tasks and decisions in a con-
sistent and logical manner.

For example, a novice user selects (‘‘clicks on’’) the decision icon (triangle)
for the first phase—*‘Initial Response and Abatement’’ (Figure 2); a decision tree
appears; and the user addresses the first decision node—‘‘Hydrocarbon Release
Suspected or Confirmed?’’ (Figure 3). Being uncertain of what is meant by “*sus-
pected’’ vs ‘‘confirmed’’ from a regulatory standpoint, the user clicks on the
*‘regulations’’ icon; a menu of pertinent federal regulatory categories appears
(Figure 4). The user would most likely select the ‘‘Suspected Releases’’ option.
A description of what is an acceptable response to a suspected release appears
(Figure 5). The user can then click on the highlighted phrase ‘‘suspected release’”
and a regulatory definition appears (Figure 6).

By continuing through the decision tree in this manner, the PRDF software
leads the user to discover what actions are warranted.

As a training aid, the PRDF software helps define a consistent and suitable
approach to site-specific technical and regulatory data acquisition. Consider a
novice environmental professional who has just been introduced to guidelines for
investigations and cleanup of a petroleum contaminated site from a UST release.
It usually requires a lot of effort to flip through paper manuals/documentation
in search of appropriate tasks to perform. In contrast, by using the PRDF soft-
ware, this novice user is led through all the appropriate tasks, as he/she works
his/her way through the framework.

To facilitate the compilation, storage, and retrieval of key site-specific infor-
mation, the PRDF software can be used as an information management system.
In situations when, for instance, field personnel are collecting and compiling data,
the software offers electronic *‘scratch pads’’ at every level within the frame-
work. If the user wishes, each *‘scratch pad’’ can be automatically compiled into
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A —_
Initial Response
and Abatement ? Help!
<> D Scratch Pad
=15l Notebook
| i | Regulations
Site B | M|
Assessment Em‘ Exit
Point and click the left mouse button
y 5 or use F3 and F4 to select a Phase.
Remgzlti‘;ﬁon To move back one level, click back
J : D arrow, or right button, or press space.
- Figure 2. Top tier of decision framework.

anttimdion

Figure 3. Initial response and abatement decision tree.
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Figure 8. Regulatory definition of suspected release.
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a site-specific ‘‘notebook report’’ which can later be edited and archived in a
retrievable form for future reference.

The PRDF software also serves as an electronic checklist of procedural steps
and decisions that UST project managers can establish for field personnel or hired
contractors. These checklists, as shown in Figure 1, are structured via hyper-
media to aid the user in comprehending the total solution (the forest) among numer-
ous subtasks and associated decisions (the trees) while focusing on specific
decisions and required information (the path). Figure 7 illustrates the computer
screen that would be seen if the user clicks on the procedural steps under the
first phase—‘‘Initial Response and Abatement.’ The user is presented with five
subtasks as well as the system utilities—Help, Scratch pad, Notebook, Regula-
tions, and Exit. The small on-screen arrows pointing to the right indicate there
are additional tiers of subtasks related to the current task being viewed. To access
these subtasks, the user clicks on the task being viewed and the computer ‘‘zooms’’
to the next level of detail (Figure 8).

The tasks without an arrow pointing right are linked directly to a related checklist
(parameter) menu. For example, if the user clicks on ‘‘Review Site for Evidence
of Release,”” a checklist menu appears (Figure 9). This menu lists several impor-
tant parameters when establishing a basis for hydrocarbon release, as well as the
standard system utilities. The user can select a given menu option for examples
and/or explanations of how or why the specific parameter is important to the
sub-task at hand. For example, the user selects ‘‘Piping Problems’’ and a list

Helpt

Scratch Pad

3&1 Notebook

Figure 7. Procedural steps under initial response and abatement.
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Figure 10. Example piping problems.
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of example problems related to piping is displayed (Figure 10). The PRDF soft-
ware offers experienced users the flexibility to append additional checklist items
(parameters) as well as examples and/or explanations of how or why the addi-
tional checklist items are important to the task at hand. Thus, environmental
managers can easily customize the framework—unaffected by the rigors and costs
of reprogramming. For example, the UST project manager (PM) clicks on the
regulations icon. A menu of pertinent federal regulation categories appears;
however, no state or local regulations have previously been entered into the frame-
work. The PM simply clicks on ‘“APPEND PARAMETER,"’ and types in the
name of a site-specific local regulation, for example, California, and this appears
on the menu. The PM then clicks on that menu selection; a screen window opens,
and the PM can use the full-screen editor to enter the regulation and, if neces-
sary, any interpretation. This information becomes part of the PRDF, and the
enhanced software can be disseminated to field personnel equipped with portable
field computers.

Framework ‘‘scratch pads’’ and subsequent *‘notebook reports’’ can be used to
document that correct procedural steps were consistently applied. These software
features provide project reviewers with a powerful verification tool. Since each
notebook report is similarly structured, reviewers can quickly ascertain what site-
specific information has been gathered and how far along a given cleanup effort is.

The novice user who has just perused a regulatory definition can click on the
regulatory ‘‘scratch pad’’ and simply describe the existing site situation as it re-
lates to the regulatory requirement. Although certain regulations and procedures
may not be applicable to a given site, it is the responsibility of project personnel
to document such situations via each ‘‘scratch pad’’ throughout the framework.
The compiled ‘‘notebook report’” can then be used to quickly verify that correct
regulations, as well as procedural steps, were consistently applied.

Often, questions arise about past investigations of UST releases and also cleanup
efforts undertaken at the time of the remedial investigations. As an archive, the
PRDF software assists in developing a structured record of UST studies that con-
tains site-specific information related to initial response and abatement, risk-based
site assessment, and if necessary, site remediation. This record is used in build-
ing conceptual site models that are extremely helpful in preparing technically defen-
sible documents for cleanup negotiations.

DECISION SUPPORT

Similar to all decision support systems, the Petroleum Release Decision Frame-
work offers a mechanism for the user to learn, analyze, and communicate. The
system graphically structures a decisionmaking approach, thus teaching inex-
perienced users to use a technically sound method of organization. By allowing
easy access, via hypertext, to pertinent information (e.g., regulatory standards,
appropriate chemical test methods, and other important decision parameters)
the framework facilitates comprehensive analysis. And, finally, the graphical
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interface and automated report generation allows diverse parties (industry and
regulators) to communicate better by focusing on pertinent information.

OTHER POTENTIAL APPLICATIONS

As its name implies, the Petroleum Release Decision Framework is designed
as a framework so that many other tools could easily be incorporated. The use
of hypermedia is an effective means of narrowing the UST problem domain via
‘‘zoom’’ processing, thus making it an ideal front-end to very specific UST ex-
pert system modules, models, databases, and geographic information systems.
Although the framework software is tailored to meet the needs of UST risk
management, the concepts, architectures and object-oriented algorithms could be
applied to many other environmental problems; in particular, those relating to
waste site cleanups.

CONCLUSIONS

The PRDF decision support software is a unique computer-based approach to
facilitate rational decisionmaking for investigation and cleanup of petroleum
releases to soils and groundwater. The software offers a consist structure to gather-
ing, compiling, and presenting site-specific data; addressing initial response and
abatement, site characterization, and remediation; while enhancing communica-
tion among diverse parties (industry and regulators).
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CHAPTER 4

The Department of Defense Research Program
for Cleanup of Contaminated Soil

Patricia L. D. Janssen, Office of the Deputy Assistant Secretary of Defense (Environ-
ment), Alexandria, Virginia

The Defense Appropriations Act of 1984 established the Department of Defense
(DoD) Installation Restoration Program (IRP). The program set up a centrally
managed account under the Office of the Deputy Assistant Secretary of Defense
(Environment) [ODASD(E)} in the Office of the Assistant Secretary of Defense
(Production & Logistics) called the Defense Environmental Restoration Account
(DERA). In 1989, DERA was appropriated $503 million. The amount is expected
to grow over the next few years as we start to enter the remediation phase of
many of our sites. The primary purpose of the DoD program is to clean up
hazardous waste sites. We utilize existing technology where available and ade-
quate for the task. However, DoD realizes the necessity for new research to ade-
quately assess health risks, minimize environmental effects, and achieve permanent
remedial actions for the purpose of protecting the public health and the environ-
ment. In addition, the Superfund Amendments and Reauthorization Act of 1986
(SARA) encouraged the use of DERA funds to look at innovative ways to clean
up our hazardous waste sites.

The ODASD(E) is a policy and review office within the Secretary of Defense,
and it is charged with managing and overseeing the Installation Restoration Pro-
gram and is responsible for oversight of cleanups and research and development
(R&D) projects. The majority of installation restoration research is conducted
at six service laboratories. These are the U.S. Army Toxic and Hazardous
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Materials Agency, 'J.S. Army Construction Engineering Research Lab, U.S.
Army Biomedical Rescarch and Development Lab, U.S. Air Force Engineering
and Services Center, U.S. Navy Civil Engineering Lab, and the U.S. Navy Energy
and Environmental Support Activity.

The contaminant most often found at DoD sites is trichloroethylene (TCE).
The major DoD soil contaminants are:

Organics—fuels and solvents

Combined Waste—hazardous waste landfills
PCBs/Pesticides—chlorinated hydrocarbons
Heavy Metals—Pb, Cu, Cd, Hg, Ni, Ag
Ordnance—TNT, RDX

ODASD(E) identified a need for increased emphasis in DoD research on innova-
tive hazardous waste cleanup demonstration technologies. A policy memorandum
was sent to the armed services in the spring of 1987 instructing them to look for,
and propose, demonstration projects. The services have done a good job of identi-
fying demonstration projects which include low temperature thermal soil treatment,
soil venting, air stripping, and biodegradation. These projects have real potential
for developing waste minimization techniques and for identifying alternative tech-
nologies and procedures for the cleanup of hazardous wastes. These specific tech-
nologies will be discussed later. However, we are still encouraging the services
to continue actively pursuing innovative demonstration technologies. Many of the
projects may be suitable for cooperative projects with other federal agencies.

In fiscal year 1989, DoD committed $27.6 million on hazardous waste minimi-
zation and cleanup research and development projects. DERA provided $16.0
million (58%) of the money for these projects. The individual service research
and development programs provided the remaining $11.6 million. In fiscal year
1989, the services have programmed $28.3 million for research programs. DERA
will provide $16.5 million (58%) for these efforts.

The Installation Restoration Technology Coordinating Committee (IRTCC) is
a tri-service committee which was established to facilitate the exchange of program-
matic and technical information among the DoD components. The IRTCC is work-
ing to improve and encourage coordination and communication among the services
to ensure that limited R&D dollars are spent wisely. DoD and the services are
placing great emphasis on innovative hazardous waste cleanup demonstration
projects within the R&D community. We are hoping to identify a few promising
programs for basic research in hazardous waste cleanup this year. We hope to
establish a peer review process through the IRTCC for DERA funded R&D. The
IRTCC published a handbook entitled, ‘‘Installation Restoration and Hazardous
Waste Control Technologies,”” in 1988. This handbook provides a reference of
current installation restoration and hazardous waste control technologies for use
in DoD industrial operations, training and readiness, and for environmental and
management staffs. This report is currently being updated to include new infor-
mation. It should be available by the end of 1990.
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The DoD is also working to facilitate technology transfer and cooperative R&D
as part of the DoD/Environmental Protection Agency/Department of Energy
Hazardous Waste Technology Interagency Working Group. It seeks to increase
not only service cooperation but interagency cooperation. These three agencies
met in 1988 in Washington, D.C. to identify additional projects of mutual in-
terest. Approximately 138 projects are included in the report. These efforts share
innovative technical approaches to common problems, eliminate duplicative ef-
forts, and minimize costs by leveraging individual agency funds. Given the cur-
rent funding climate, especially for DoD, the efforts of this group will become
even more important. This effort will assist federal agencies to get the most
research possible with limited R&D dollars. DoD will be sponsoring the next
meeting in early fiscal year 1990. We will be striving to increase the cooperative
participation by the three agencies.

The various research and development studies being conducted under the DERA
program can be divided into several categories. These include the following:

In situ treatment

Onsite cleanup

Containment

Site assessment

Alternative technologies to land disposal
Waste minimization

Underground storage tanks

Monitoring

Risk assessment

This chapter will be concentrating on soil cleanup. A brief description of the
various technologies under development follows.

Organic

A study is underway to evaluate underground fuel spill cleanup technologies.
Thermal vacuum spray/combustion, chemical oxidation, and air stripper/carbon
technologies will be evaluated. The study will compare the effectiveness of each
technology. Results will be incorporated into a technology transfer guide.

Pilot-scale field remediation studies are planned to evaluate the use of in situ
unsaturated zone bioremediation of jet fuel contaminated subsoils. Demonstra-
tion tests are planned for 1991.

Another study will identify the parameters that limit on-site bioremediation of
JP-5 contaminated soil. The services are looking at various methodologies for
onsite bioremediation of volatile organic compound contaminated soils as well
as soil venting.

The Army and Air Force have conducted field demonstrations of low tempera-
ture thermal stripping to treat JP4 and TCE contaminated soil. A brochure
produced by the U.S. Army Toxic and Hazardous Materials Agency entitled,
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‘‘Low Temperature Thermal Stripping of Volatile Organic Compounds from
Soil,”’” provides an excellent summary of this technology.

The services are also investigating the feasibility of photochemical oxidation
of solvents and oils. The Air Force plans to conduct a demonstration study of
radio frequency thermal decontamination of soils in 1990. They are also looking
at crossflow air stripping/apron treatment technologies, and subsurface oxygen
enrichment for biodegradation for the treatment of organic contaminated soils.

Mixed Waste

Studies are underway to test the feasibility and identify the favorable condi-
tions for biodegradation of mixed hazardous waste. Lessons learned from other
studies on bioremediation of organics are being applied here.

Another technology under study is in situ oxygen generation by electrolysis
on site-specific soils. The objective is to determine the feasibility of oxygen gener-
ation and the effect of electrolysis on the microbial population in a bench-scale
study. DoD is also looking at electroacorstical effects on microorganisms.

PCB/Pesticides

The Navy has completed a pilot plan evaluation using potassium-polyethylene
glycol to dechlorinate PCBs in the soil. In FY 1990, they plan to scale up the
decontamination unit and conduct a field unit demonstration. They are optimistic
about developing an affordable treatment system and plan to transfer the technol-
ogy for use in 1992.

Heavy Metals

The services are evaluating stabilization/solidification processes in hopes of
developing affordable technologies and materials for decreasing the mobility and
toxicity of non-degradable hazardous wastes. Pilot tests have been performed using
sulfide processes and silicate processes. Results show that chemical formulation
is waste-specific.

Ordnance

Three technologies are currently under review by the services for treatment
of ordnance contaminated soil. Bioremediation of TNT and RDX contaminated
soil studies are underway using aerobic bacteria and fungi to determine their
potential to degrade TNT and RDX.

Composting studies have shown great potential. However, DoD has had
difficulty in identifying degradation products. Finally, preliminary studies are
being conducted to determine the feasibility of chemical treatment of explosive
soils.
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Monitoring and Site Assessment

The cone penetrometer is being studied by all the services for use in site charac-
terization. The cone penetrometer uses fiber optic sensors to characterize soil
contamination and plume migration.

The Army is developing a biomonitoring traveler for onsite toxicity assess-
ments. The unit will provide a mobile field test laboratory for onsite chemical
analysis. The Army is also studying nonmammalian toxicity models to reduce
use of animals for testing.

The Navy is looking at in situ bioindicators for site assessment. They are also
researching marine environmental survey monitors and protocols for use at many
of their military sites that are located around marine environments.

SUMMARY

The primary purpo.. of the DoD program is to clean up hazardous waste sites
with existing technology where available. Our R&D efforts are focused at this
primary objective.
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CHAPTER 5

Environment Canada Research on
Land Treatment of Petroleum Wastes

T. L. Bulman, Campbell Environmental Ltd., Suite 93 Havelock Mall, West Perth WA
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Bruce E. Jank, Wastewater Technology Centre, Environment Canada, Burlington, Ontario,
Canada, L7R 4A6

R. P. Scroggins, Industrial Programs Branch, Environment Canada, Hull, Quebec

Application of industrial wastes in a repeated fashion to dedicated land areas
is practiced by the oil refining industry in Canada as a method of waste disposal.
In a 1980 survey of waste disposal in the refinery industry,! it was reported that
29.7% of refinery waste was recovered for reuse, while 70.3% was disposed
of by other means (Table 1). Application to land was the least expensive of iden-
tified disposal methods, and was used for the disposal of the greatest proportion
of petroleum waste. Landfilling was used predominantly for general refuse which
could not be disposed of by other methods. The industry is also actively pursuing
the use of land application for treatment of oil and gas exploration and produc-
tion wastes.

Land application of waste (also called land treatment of waste or landfarming)
has potential benefits such as the reduction of waste mass and toxicity. Potential
negative impacts include the contamination of the environment and entry of toxic
chemicals into the food chain. Guidelines are required, therefore, for the safe
application of suitable wastes to soil in a manner which is cost effective, obviates
postapplication cleanup measures, and protects the environment.

Environment Canada is sponsoring several research studies which assess the
treatability of oily wastes by land application and the environmental acceptability

35
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Table 1. Methods and Costs of Treatment for Oll Refinery Wastes in Canada

Treatment Method Waste Treated (%) Cost per Ton ($/Can)
Land application 179 9.10
Landfit} 35.7 16.30
Incineration 6.9 71.80
Deep well injection 1.4 35.60
Unspecified 8.5 8.00
Recovery/reuse 29.6 15.20

Source: Reference #1.

of this practice. Oily waste types under evaluation include refinery wastes, con-
ventional oilfield production wastes, heavy oil production waste from enhanced
oil recovery operations, and diesel-based drilling muds. Most of these studies
are cofunded with industrial groups, notably the Petroleum Association for Con-
servation of the Canadian Environment (PACE) and the Canadian Petroleum As-
sociation (CPA). Other government agencies have also participated in funding,
including provincial environment ministries (Alberta Environment, Ontario Minis-
try of Environment and Ministre de I’Environnement Quebec), the Alberta En-
vironmental Research Trust, the federal Interdepartmental Panel for Energy
Research and Development, the Great Lakes Water Quality Board, and the United
States Environmental Protection Agency.

The purpose of these studies is to identify wastes which can be applied to land
in an environmentally acceptable manner and to provide information on which
to base guidelines for the proper application of such wastes to land. The informa-
tion which has been collected to date has focused on (a) the persistence and fate
of oil and toxic constituents of petroleum wastes when applied to soil, (b) poten-
tial environmental impacts and risk to human health associated with application
to land, and (c) site management techniques which enhance treatment of organic
constituents of wastes while protecting environmental quality. The potential for
contamination of groundwater, the accumulation of hazardous substances in soil,
and effects on plant growth have undergone the most intensive investigation to
date. Impingement on air quality has received limited study. A recent study on
closure of contaminated industrial sites, however, has included an intensive air
monitoring component performed under the leadership of R. Dupont, Utah State
University, with funding provided by the United States Environmental Protec-
tion Agency. A summary of recent Environment Canada research activities on
land treatment of petroleum waste is provided in Table 2 and a brief review fol-
lows for each of the project areas.

LAND APPLICATION OF REFINERY WASTES

Research on land application of refinery wastes has been performed at the
Wastewater Technology Centre in Burlington, Ontario. This work has focused
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on the fate of polynuclear aromatic hydrocarbons (PAHs), toxic constituents of
refinery wastes, when added to soil. The objectives have been (a) to study the
kinetics of loss of PAH constituents from soil and (b) to identify PAH loss mechan-
isms, including biodegradation, volatilization, leaching, plant uptake, and bind-
ing to soil.

Kinetic Studies

Two studies to identify the kinetics for loss of PAHs from soil were performed
using open flasks. The first study (Activity 1 in Table 2) involved the incubation
of pure chemicals in soil to provide detailed, precise data for kinetic modeling.
Unacclimated soil was incubated with a suite of eight PAHs ranging in size from
two aromatic rings (naphthalene) to five aromatic rings [benzo(a)pyrene] added
as pure compounds at two concentrations. The soil was sampled periodically and
analyzed for PAHs. Concentration data were fitted by nonlinear regression to
a general power rate model of the form;

dC = kC C = concentration
dt k = rate constant
n = reaction order

]

The study with pure chemicals? provided good estimates of loss kinetics for
nonpersistent chemicals. Loss of persistent chemicals tended to be less than sam-
ple variability, however, and precision of estimated kinetic parameters was poor.
The low molecular weight PAHs, such as anthracene, were quickly lost from
soil (90% loss within 200 days), whereas an extended period (greater than 200
days) was required before loss of high molecular weight PAHs, such as benzo(a)-
pyrene, was observed. Loss kinetics did not always approximate a single first
order reaction over the entire incubation period, but suggested either a two stage
reaction or a reaction order greater than one. First or zero order kinetics were
sufficient, however, to estimate the time required for loss of up to 90% of each
compound.

In a second study (Activity 3 in Table 2), soil was used from a refinery land
treatment site which had received oil application over a period of 10 years and
had an average residual oil content of 6%. Oil refinery waste was added at a
level of 3% oil in soil and the concentrations of 16 constituent PAHs were moni-
tored over time.

Sample variability in the study with refinery waste was much greater than with
pure chemical addition, and analytical recovery, as determined by spiked dupli-
cate samples, varied a great deal between samples. The results of the refinery
waste kinetic study confirmed that low molecular weight PAHs were less persis-
tent than high molecular weight PAHs, but evaluation of the kinetics of loss was
inconclusive®. Losses due to individual mechanisms, such as volatilization, bio-
degradation, and photochemical decomposition, were not assessed separately in
these studies.
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Table 2. Summary of Environment Canada Funded Research on Land Treatment of
Petroleum Waste (1983 to 1989)

Research Activity Contact Report Date
1. The Fate of Polynuclear T. Bulman 1985
Aromatic Hydrocarbons in Campbell Environmental Ltd.
Soil Suite 93 Havelock Mall
Perth, WA 6005
Austrailia
(9) 332 2344
2. Land Treatment of Diesel R. M. Danielson 1987
Invert Mud Residues: Kananaskis Centre for
Phase 1: Laboratory and Environmental Research
Greenhouse Feasibility University of Calgary
Assessments Calgary. Alberta, Canada
T2N 1N4
(403) 220 3194
3. The Persistence and Fate T. L. Bulman 1988
of Polynuclear Aromatic Campbell Environmental Ltd.
Hydrocarbons in Refinery
Waste Applied to Soil
4. Land Application of J. Ashworth Oct 19892
Residual Diesel Invert- Norwest Soil Research Ltd.
based Muds: Phase 2 9938-67 Ave.
Edmonton, Alberta, Canada
T6E OPS
(403) 438 5522
5. Development and B. E. Jank Vol 1, 2, 4: 1988
Validation of a Method Wastewater Technology Vol 5, 6: 1989

for Establishing Site-
Specific Clean-up Criteria

6. Persistence and Fate of
Aromatic Constituents of
Heavy Oil Production
Waste

7. Disposal of Oilfield
Wastes by Land Treat-
ment: Effects on the
Environment and
Implications for Future
Land Use

8. Utilization of Qily
Wastes to improve the
Quality of Agriculturally
Marginal Sandy Soil

Centre
(416) 336-4740

K. Hosler

Wastewater Technology
Centre

(416) 336 6021

R. M. Danielson
Kananaskis Centre for
Environmental Research

V. Biederbeck

Agricutture Canada
Research Stn.

P.O. Box 1030

Swift Current,

Saskatchewan, Canada

S9H 3X2

(306) 773 4621

Vol 3, 7: Dec 19892

March 19912

March 1990

June 19912

*Estimated completion date.
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Fate Studies

The fate of PAHs when applied to soil was studied using '*C labeled chemicals
in two types of enclosed incubation systems (Activities 1 and 3 in Table 2). One
system consisted of soil incubated in biometer flasks, in which the evolution of
PAHs or transformation products into the atmosphere (as CO, or volatiles) was
monitored continuously. Parent PAHs or products remaining in soil were identi-
fied at the end of the incubation as extractable or bound residue fractions. This
system provided precise results with both pure chemical additions and with addi-
tion of petroleum wastes. This monitoring approach has been used to compare
the fate of selected PAHs in the unacclimated soil and the soil from a refinery
waste application site used in the kinetic studies.?

On a slightly larger scale, terrestrial microcosms were used to provide infor-
mation similar to that from biometer flask studies, but including transport of PAHs
through the soil profile and uptake by plants. The microcosms consisted of soil
columns, as reconstructed soil profiles or undisturbed soil cores, contained in
stainless steel cylinders. The column was designed so that the upper portions of
plants did not come into contact with the soil or soil atmosphere. In this way,
movement of toxic chemicals into the plant shoot could occur only by transloca-
tion. Soil atmosphere was continually monitored for evolved !*C-labeled CO,
and volatile organic compounds. Leachate and plant shoot tissue were periodi-
cally collected and analyzed for '4C. In addition, leachate was analyzed for total
PAH content and assessed using microtoxicity tests (for example, Microtox assay,
green algae growth inhibition, and SOS Chromotest genotoxic test). At the end
of the study, the soil columns were analyzed with depth for '4C.4

In both the biometer flask and microcosm studies, biodegradation of PAHs in
soil from the refinery waste application site was substantially enhanced over that
observed in agricultural soil, and constituted a major loss mechanism. This ef-
fect may be due to prior exposure of organisms to aromatic hydrocarbons, the
availability of other organic substrates for cometabolism (10% organic carbon,
6% oil), and high overall microbial activity.

Small amounts of PAHs were volatilized from refinery waste treated soil in bi-
ometer flask and microcosm studies.>* The proportions of added '4C-labeled or-
ganic compounds that were volatilized from soil are summarized in Table 3 (averages
for three replicate flasks). Volatilization was greater from soil in microcosm studies
than in biometer flasks, possibly because the flow rates used for aeration of the
microcosms were greater. The majority of the volatilized compounds were trans-
formation products, however, rather than the parent compound under study. In
addition to volatilization of organic compounds, '*C-labeled CO, was evolved into
the soil atmosphere (7.68%, 23.2%, and 73.4% for benzo(a)pyrene, anthracene
and naphthalene, respectively, in biometer flasks, and 68.7% and 64.1% for an-
thracene and naphthalene, respectively, in microcosms). The remainder of '4C re-
mained in soil as extractable parent compound or nonextractable material which
was not identified. In microcosm studies, small amounts (less than 0.01 %) of '4C
were also observed in leachate and plant material as transformation products.
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Table 3. The Proportions of 4C-Labeled Organic Compounds Volatilized from Soil
Treated with Refinery Waste and 14C-Labeled PAH’s in Laboratory Studies

Volatilized
Study Description Volatilized Transformation
Duration Chemical Parent Compound Product

Type {Days) Added (% of “C Added) (% of '*C Added)
Biometer Flask® 145 benzo(a)pyrene 0.03 0.1
107 anthracene 0.03 2.4
68 naphthalene 0.1 1.0
Microcosm® 67 anthracene 0.001 7.5
67 naphthalene 0.02 8.0

*Reference #3.

Similar techniques are being used to study the fate of heterocyclic nitrogen sub-
stituted aromatics in heavy oil production wastes, and are described in a follow-
ing section.

LAND APPLICATION OF DIESEL-BASED DRILLING MUD RESIDUE

Studies concerning the land application of diesel-based drilling mud residues
were initiated in 1984. Environment Canada is cofunding these studies with the
Canadian Petroleum Association in order to assess the environmental impact of
applying diesel-based drilling mud residues to soil at drill leases. The use of land
treatment for oil field waste disposal would involve a single application of waste
with a high priority given to rapid revegetation of the site. Phase 1 was a labora-
tory and greenhouse study undertaken by the Kananaskis Centre for Environ-
mental Research (Activity 2 in Table 2). The focus of effort was to assess the
effects of drilling mud residue application rates on degradation of oil and selected
hydrocarbons and to evaluate phytotoxicity. Phase 2 was a field demonstration,
principally to evaluate methods for revegetation of land application sites and to
field validate the results of the Phase 1 study. The field demonstration was per-
formed by Norwest Soil Research Ltd (Activity 4 in Table 2).

Laboratory/Greenhouse Studies

Incubation studies were performed in which two sources of diesel-based drill-
ing mud residue were applied to two soil types at four levels of application.’ Soil
respiration was monitored to assess total carbon mineralization. In addition, soil
was periodically sampled and analyzed in detail for target PAHs. Greenhouse
studies were also set up in which crop species were assessed for revegetation
of the soils/waste mud mixtures. Tall fescue (Festuca arundinacea), Manchar
smooth bromegrass (Bromus inermis), Manhattan perennial rye grass (Lolium
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perenne), and rambler alfalfa (Medicago sp.) were planted and percent germina-
tion, shoot, and total plant dry weights were measured.

The composition of the diesel-based drilling mud residue was typical of slightly
weathered diesel fuel, with 85% to 90% aliphatic hydrocarbons, 8% to 13% aro-
matic hydrocarbons and about 2% polar materials. Rates of degradation varied
between the two sources of mud and was lower in the finer textured clay soil
than in the clay loam. Although the rate of CO, evolution increased with increas-
ing levels of mud addition (for 10%, 20%, 30%, and 40% additions on a
weight/weight basis), the largest proportion of added carbon was mineralized with
the 20% addition. The concentration of normal alkanes decreased rapidly (ap-
proximately 50% lost in 30 days). Low molecular weight aromatics, such as
naphthalene, also disappeared rapidly (95% lost in 30 days). Concentrations of
aromatic hydrocarbons in the 156 to 212 molecular weight range were reduced
by 75% after 90 days and by 98% at the end of the 240 day incubation period.

The soil/waste mud mixtures were initially inhibitory to seed germination and
plant growth. After 5 weeks of incubation, the mixtures no longer inhibited ger-
mination, but plant growth was reduced, probably due to changes in soil physical
characteristics and nutrient availability. Laboratory grade charcoal and manure
were effective in reducing phytotoxicity, whereas other treatments (garden char-
coal, waste charcoal from the natural gas processing industry, peat, sawdust, ma-
nure, sewage sludge, cultivation, high rate fertilizer addition, and adapted
microorganisms) were ineffective. Alfalfa was the most sensitive species. After
15 weeks of incubation, however, phytotoxicity was no longer evident.

Field Study

A field site was established near a drilling lease in the foothills of Alberta in
1986.¢ Levels of 10%, 20%, and 30% diesel-based mud residue (weight/weight)
were applied, and concentrations of oil and aromatic hydrocarbons were moni-
tored. The waste contained approximately 11% total hydrocarbon and 0.8% aro-
matic hydrocarbons. The site was seeded with a mix of grasses for evaluation
of plant growth. Soil amendments of laboratory grade charcoal, spent charcoal
granules, and manure were evaluated with intensive cultivation and fertilization
practices.

In the first year, plant growth decreased with increasing rate of waste applica-
tion. Growth was noticeably better where fertilizer had been applied and where
fertilizer was applied in combination with a surface mulch of manure (not incor-
porated into soil). Loss of aromatic compounds was as great as 90% within the
four month monitoring period. Total extractable hydrocarbons decreased by ap-
proximately 25% (i.e., decreased from 4% to 3% total hydrocarbons) over the
same period. Degradation was greatest on the fertilized plots. In contrast with
the laboratory study results, the activated charcoal and spent charcoal granules
treatments did not appear to have a beneficial effect on plant growth. Volatiliza-
tion was not measured.
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Losses of 1% total hydrocarbon in soil occurred in the second year, after which
the rate of loss was very slow. Some plots which received the high level of waste
application had low rates of hydrocarbon loss from soil and some downward move-
ment of hydrocarbon within the soil.

LAND TREATMENT OF HEAVY OIL PRODUCTION WASTES

Environment Canada is currently supporting a three part program to evaluate
land treatment for heavy oil production wastes through the Interdepartmental Panel
for Energy Research and Development (PERD). This program involves two field
study projects which focus on monitoring soil, groundwater, and crop quality.
The field studies are located in proximity to heavy oil deposits in western Cana-
da. In addition, a laboratory study at the Wastewater Technology Centre is in-
vestigating the persistence and fate of heterocyclic aromatic compounds, including
degradation, volatilization, leaching, and plant uptake.

Field Studies

Field sites for one of the projects were established in four locations in Alberta
in 1982, with support from the Canadian Petroleum Association and the Alberta
Environmental Research Trust, to investigate the efficiency of land treatment for
the degradation of oil in oilfield sludges. These sites had received oily waste ap-
plication for a three year period, and oil and metal concentrations had been moni-
tored in soil and groundwater. Environment Canada and the Canadian Petroleum
Association are currently cofunding a follow-up study which is assessing the rates
of degradation of recalcitrant materials over a longer term (4 to 7 years), and
evaluating the effects on groundwater quality, soil physical properties, and plant
productivity (Activity 7 in Table 2).7 The study is primarily directed toward re-
habilitating the land treatment sites and returning them to agricultural use.

Results to date indicate that decreased plant productivity was related to residual
oil content in the soil. The oil content in soil ranged from 2.6% to 8.6%. Plant
growth was good on plots with oil content of 3.5% or less, but poor on plots
with oil content of over 5%. Residual oil contained 15% to 18% asphaltenes,
40% to 50% resins, 16% to 23 % aliphatics, and 11% to 16% aromatics. Shallow
groundwater beneath and downgradient from the land treatment sites contained
elevated levels of chloride and nitrate. Two interim reports have been published
jointly by the Canadian Petroleum Association and Environment Canada.”-® An
additional interim report which outlines the 1988 field results is in preparation.
A final report will be published following completion of the 1989 field program.

A second field program was established in 1986 in central Saskatchewan (Ac-
tivity 8 in Table 2). This region supports agricultural activity as well as oil produc-
tion from heavy oil deposits. Some cultivated soils in the region suffer from low
productivity, however, due to poor soil characteristics and susceptibility to ero-
sion. This field study was designed to determine if land application of heavy oil
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waste could be used in these areas, not only to treat and dispose of waste, but
to improve soil aggregation and reduce erosion on marginal cropland. The study
involves assessment of the effects of low level applications of heavy oil wastes
on soil physical and chemical properties, groundwater quality, and plant growth.

The waste studied was from a nearby Enhanced Oil Recovery (EOR) plant.
Preliminary greenhouse trials were used to identify waste application levels which
were not detrimental to crop growth. Field plots were then established with ap-
plication of waste at levels of 1% and 2% oil in the soil. In the first season under
field conditions, levels of 1% and 2% oil appeared to reduce crop growth. Fer-
tilization treatments did not enhance crop growth and substantial immobilization
of nitrogen and phosphorus was observed. Crop growth was enhanced, however,
on portions of the plots which inadvertently received levels of 0.5% as a result
of uneven waste application. The size of dry and water stable aggregates was
substantially increased with waste application, reducing the susceptibility of the
soil to erosion. The study will continue in 1989 and 1990.

Laboratory Studies

Complementary to the Saskatchewan field study, laboratory studies are being
performed at the Wastewater Technology Centre* (Activity 6 in Table 2) using
experimental methods similar to those developed for the study of refinery wastes.
Incubations have been completed with a suite of seven heterocyclic aromatic com-
pounds, previously identified as constituents of the heavy oil wastes, which were
added as pure compounds to soil from the Saskatchewan site. Loss mechanisms
such as volatilization and degradation were not studied separately. Kinetic
parameters for losses through all mechanisms (in combination) were estimated.
Of the compounds studied, the most rapid loss rates were observed for
2-methylnaphthalene and 9-ethylfluorene (50% loss in 20 days or less). Losses
of biphenyl and 4-methylbiphenyl were intermediate (50% in 30 to 40 days) while
acridine, dibenzothiophene and carbazole were more persistent (30% loss in 40
days). Incubations with heavy oil waste from the EOR plant are currently un-
derway.

Biometer flask and microcosm studies have also been performed to study the
fate of 1*C-labeled 2-methylnaphthalene, pyridine, and dibenzothiophene with ad-
dition of heavy oil waste to soil. Biometer flask studies were performed to assess
the effects of environmental conditions on fate of the waste constituents. Treat-
ments included moisture contents of 40% and 80% (dry weight basis), tempera-
tures of 20° and 35° Celsius, as well as with wet/dry cycles and freeze/thaw
cycles. Approximately 20% to 30% of added pyridine was extracted from soil
after 56 days of incubation. The majority of '4C remained in soil in a nonextrac-
table form. This soil-bound '“C may have been incorporated into microbial
biomass or bound to soil organic matter. The proportion of nonextractable 4C
was greater with the 35° treatment than with the 20° treatment, and was substan-
tially increased through wetting and drying. Small amounts (2.1% to 4.4%) of
14C were volatilized as transformation products of pyridine. The proportion of
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volatilized products was greater with the 35° treatment than with the 20°C treat-
ment. Evolution of #C as CO, ranged from 1.8% to 5.0% and was also highest
with the 35° treatment. Loss of 4C as CO, with two cycles of freezing and
thawing was similar to that with constant conditions of 35°.

The microcosm studies were performed with two soil vypes, (1) Meota loamy
sand (pH 7.5) taken from the Saskatchewan field site as intact cores, and (2) an
acidic McLaurin sandy loam (pH 4.5) from Mississippi. Carbon-14 labeled
2-methylnaphthalene and dibenzothiophene were added, in combination with heavy
oil waste, to the top 15 c¢m of soil in a 70 cm soil column. The distribution of
14C as parent compound and metabolites in the microcosm systems is summa-
rized in Table 4. The 2-methylnaphthalene was predominantly degraded to CO,,
whereas the dibenzothiophene appeared to be degraded to stable intermediates
or irreversibly bound to soil organic matter. Irreversible binding of metabolites
was also greater for 2-methylnaphthalene in the acidic McLaurin soil. Break-
through of 4C-labeled metabolites occurred following leaching of the Meota soil
columns with four pore volumes of water; however, negligible amounts of *#C
were detected in McLaurin soil leachate. The results of these laboratory studies
are being used to assess methods of enhancing degradation and to evaluate mathe-
matical models for prediction of contaminant transport through soil.

Table 4. The Distribution of 14C in Terrestrial Microcosm Systems After 161 Days In-
cubation with Heavy Oll Waste in Soll

dibenzothiophene 2-methyinaphthalene
Meota Meota  McLlaurin
------------- % added 4C --<ccee ccan...
Volatile
(parent) 0.01 03 0.6
(metabolite) 0.2 18 14
CO, 7.7 58 56
Soil
(parent) 71 0.06 1.9
(metabolite)2 60 8.2 25
Leachate
(metabolite) 14 8.3 0.1
Total recovery 89 77 85

*Not extractable from soll residue.

DECOMMISSIONING OF CONTAMINATED PETROLEUM SITES

A National Steering Committee for Industrial Site Decommissioning was es-
tablished in 1986 under the direction of the Canadian Council of Environment
Ministers to establish national guidelines for the decommissioning of industrial
sites. Decommissioning includes the cleanup of soils which have become con-
taminated through spills, leaks, and improper waste disposal as well as through
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controlled landfarming activities. Decommissioning is a complex problem because
cleanup activities are specific to industry type; products and by-products; the age
of the plant; its location (geography, geology, hydrogeology, and climate of the
site); waste management practices; and the proposed future use of the site. A project
was initiated which involved two major components: (a) the development of a mul-
timedia (air, water, soil) model for use as an aid in establishing site-specific cleanup
criteria, and (b) a monitoring program at a field test site for evaluation of transport
and fate algorithms in the model (Activity 5 in Table 2).

Model Development

The multimedia model is known as AERIS (Aid for Evaluating the Redevelopment
of Industrial Sites). This model links exposure assessment (multimedia pathways
models) with toxicity assessment as part of an overall risk evaluation procedure.
Information about the site being studied, the environmental behavior of a substance
in site soil, and the characteristics of a future site user are used in model calcula-
tions. Development of the AERIS model has been based on previous work that
developed site-specific cleanup requirements for two decommissioned oil refinery
sites in Ontario, Canada.® The original work has been enhanced by incorporating
information for various Canadian environments, organic and inorganic substances,
and including algorithms for detailed estimation of transport in the soil system.
An “‘expert system” shell was used to facilitate the transfer of information be-
tween the model user, the model’s database, and computational procedures.

A demonstration version of AERIS was initially developed'®!! for further
evaluation. Individual algorithms that estimate environmental fate and concen-
trations have been verified and compared to measured data. The model has been
calibrated against the risk assessment procedure upon which it was based using
the data and recommendations obtained for the decommissioned Canadian oil
refinery sites. Additional comparisons will be made with independently derived
risk-based criteria for other decommissioned sites as such information becomes
available. Sensitivity of model predictions to variation in input parameters is as-
sessed with each use of the model. AERIS model validation and improvement
will be undertaken as an ongoing process involving the model developers and users.

The advantage of the AERIS model is that many model runs can be performed
in a relatively short period of time and at reduced cost as compared to current
risk assessment methods. This allows sensitivity analysis to be performed on
cleanup criteria, i.e., assessment of a number of ‘‘what i’ scenarios. In con-
sideration of the uncertainty in the risk assessment process in general, the com-
parison of several risk assessment scenarios is highly desirable.

Fieid Evaluation

Movement of contaminants in the soil’s unsaturated zone is a critical factor
in the potential release of soil-based contaminants into the environment and is
therefore a critical component of transport and fate pathways analysis in the AERIS
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model. To date, limited work has been completed in the modeling of the unsatu-
rated zone of soil, particularly when compared to the efforts expended in ground-
water and air quality modeling. The U.S. Environmental Protection Agency (EPA)
has recently developed the Regulatory and Investigative Treatment Zone (RITZ)
model'2 to predict the proportions of a contaminant which will be degraded, volatil-
ized, and leached in soil, based on soil and waste characteristics, kinetic parameters
of degradation, and volatilization and phase partitioning. A cooperative study be-
tween EPA and Environment Canada was implemented to field evaluate the trans-
port algorithms which are components of AERIS, RITZ, and other transport
models.

The objectives of the field program were (a) to acquire site information to use
as input parameters for environmental pathways analysis, and (b) to collect suffi-
cient information on the concentrations of chemicals in soil, water, and air phases
over time at the field site to allow comparison with pathways predictions. The
field program was conducted on a landfarm site at the Texaco Canada refinery,
Nanticoke, Ontario. Refinery waste was applied to plots at two application levels.
Soil sampling was performed periodically at three depths using a coring device.
Water sampling was performed at two depths using both porous cup and glass
brick sampling devices. A significant component of the field program was exten-
sive monitoring of volatile emissions before and after waste application and til-
lage operations. The air monitoring program was performed by Dr. R. Dupont,
Utah State University.

Data collection from the field site has been performed over a two year period
to evaluate transport and fate pathways predictions for a variety of models. Prelimi-
nary results indicate that the transport models evaluated provided a qualitative
estimate of contaminant movement and degradation in soil. The contaminant most
susceptible to leaching was predicted and observed to be phenol. The most per-
sistent and immobile contaminant was predicted and observed to be 2-methyl-
naphthalene. In general, contaminants at the field site have not moved appreciably
within the soil profile, preventing a quantitative evaluation of the models at this
time. A discussion of preliminary project results'? can be obtained from H. Camp-
bell at the Wastewater Technology Centre.

SUMMARY

Land application of waste in a controlled manner is a cost-effective method
of treating waste. Studies performed by Environment Canada have indicated that
there is potential for degrading most constituents of petroleum waste through ap-
propriately controlled land application. Waste application to soil may be limited,
however, by persistence of some waste constituents, transport of unidentified trans-
formation products, salinity, and the phytotoxicity of residual oil. Some waste
types may be unsuitable for land treatment.
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Environment Canada is currently in the process of collecting information on
which to base policy decisions regarding the land treatment of waste. Critical
to the development of policy and guidelines for land treatment of waste is the
determination of acceptable concentrations of compounds in environmental media.
One approach being investigated by Environment Canada to determine environ-
mentally acceptable concentrations is the use of computer modeling. A signifi-
cant research need in this area is the toxicological assessment of a large number
of compounds. Research is also continuing to identify and model contaminant
pathways and to investigate land treatment techniques which are protective of
human health and the environment.
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CHAPTER 6

An Update on a National Survey of State
Regulatory Policy: Cleanup Standards

Charles E. Bell, Paul T. Kostecki, and Edward J. Calabrese, School of Public Health,
University of Massachusetts, Amherst, MA

When the U.S. Environmental Protection Agency’s (EPA) Office of Under-
ground Storage Tanks (UST) released its Final Rules! for UST technical require-
ments and state program approvals, it was clear that each state was to be
responsible for developing their own programs and policies for cleanup of petro-
leumn hydrocarbon contaminated soils (PCS). Such an approach would allow,
among other things, for each state to develop and implement a program that would
emphasize and take into consideration local climatic, geologic, and demographic
conditions. All that was required was that individual state programs be as, or
more, stringent than current EPA requirements. In an effort to keep abreast of
regulatory developments in this area, an ongoing national state survey has been
conducted for the purpose of cataloging states’ approaches and management strate-
gies for investigation and cleanup of PCS sites.

Survey efforts focused on a number of different aspects of state regulatory pro-
grams including: research activities relating to PCS; cleanup levels for soils; rela-
tionship to existing air and water quality standards and programs; classification
of PCS as a hazardous, nonhazardous, industrial and/or solid waste; rules and
regulations governing treatment and disposal options; analytical and field screening
protocols; funding mechanisms for cleanup; permitting programs; treatment tech-
nologies in use; and standard operating procedures for site investigation and cor-
rective action.

49
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Both the regulated and regulatory communities have been particularly inter-
ested in the development and application of cleanup levels or numbers for PCS.
This chapter focuses on this topic by providing a state-by-state overview of regu-
latory cleanup objectives and an examination of the use of contamination
levels as a screening tool, action level, cleanup standard, and remediation goal
for PCS.

OVERVIEW

Potential respondents were identified from a list of participants of past surveys
conducted on this topic.2 Very often, two or more agencies within a state have
overlapping jurisdiction or are responsible for different aspects of PCS site
cleanups. As a result, as many as five regulatory representatives from different
departments within a state may have been contacted and interviewed.

Once identified, participants were provided with an overview of the material
to be covered in the survey, and arrangements were made to conduct the inter-
view over the phone at a later date. This provided an opportunity for regulators
to collect reference materials and prepare their responses. At the time of the inter-
view, questionnaires were filled out on behalf of the participants and subsequently
mailed to participants for verification and validation. Respondents were asked
to sign and return the questionnaire along with any relevant literature or documen-
tation.

In order to compare and contrast information from different states the termi-
nology used to describe the use of contamination levels must be defined. For the
purposes of this chapter, a soil cleanup standard is one comparable to an air or
water quality standard, established by law as a rule. Action levels are most often
used to advise responsible parties (RPs) if further corrective action is required.
Guidance levels function to direct and dictate the regulatory response by the
agency, and remediation goals refer to acceptable endpoint contamination con-
centrations to be determined on a site-by-site basis.

Much of the controversy surrounding the use of cleanup numbers centers on
their use or interpretation as fixed standards, and concerns that the parameters
measured do not adequately characterize the contaminant present and its poten-
tial risk to public health. Survey data from 40 states has revealed that virtually
all agencies contacted use total petroleum hydrocarbon (TPH) as one means to
measure the extent of soil contamination resulting from a spill or tank leak of
petroleum product. Additional analytical measurements of benzene, toluene, ethyl-
benzene, total xylenes (BTEX), polynuclear aromatic hydrocarbons (PAHs),
methyl tert-butyl ether (MTBE) and 1,2 dichloroethane may or may not also be
required. Thirty-four states also use TPH either as a guidance level for cleanup
or as a site-specific remediation goal.



-

» AR

STATES REGULATORY POLICY UPDATE 51

CLEANUP OBJECTIVES BY STATE

The following section provides a brief description of some aspects of each state
program in relation to their cleanup objectives. The name of the agency or agen-
cies refers to those from whom the information was collected and/or those hav-
ing jurisdiction in this area. The contact date reflects the time the information
was collected, updated, or verified. The guidance and limits of soil cleanup and
related information sections indicate whether numbers are being used, for what
parameters, under what conditions, and any factors that may influence their cur-
rent or future application. The references listed are regulations or in-house docu-
ments from which the information was derived and/or which may provide more
detail on the information presented.

Alabama

Name of agency: AL Department of Environmental Management (ADEM),
Water Division

Contact date: 01/18/90

Guidance and limits of soil cleanup: Analysis of soil samples for TPH and
the elevation of the groundwater table are determined as part of a preliminary
site investigation or closure assessment. Sites where depth to groundwater is 5
feet or more below the base of the tank excavation, and TPH concentrations are
100 ppm or less for each sample, or TPH concentrations are 10 ppm or less for
every sample irrespective of groundwater conditions, are considered satisfactory
and no further action will be required.

Related information: If the conditions identified above cannot be met, the Depart-
ment may require a secondary investigation which may include additional sam-
pling, analyses, and determination of the full lateral and vertical extent of soil
and groundwater contamination. Based on this information, the RP may be re-
quired to develop and submit a corrective action plan in response to the contami-
nation. Corrective action limits (CALs) for petroleum contaminated soils are 100
ppm TPH. Not surprisingly, state landfills will normally not accept contaminated
soil for disposal in excess of 100 ppm TPH. Alternative levels may be estab-
lished by the Department based on (a) site-specific factors or (b) if, after
implementation of the CAL, the concentration of contaminant in groundwater
no longer decreases with continued treatment. A risk assessment must be
performed for proposed alternate CALs which may include both exposure and
toxicity assessments to characterize the cumulative risks to both the public and
environment.
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Documents: ADEM Administrative Code R., Water Quality Program. Sections
335-6-15.26 to 335-6-15.34

Alaska

Name of agency: AK Department of Environmental Conservation (DEC), LUST
(Leaking Underground Storage Tank) Program

Contact date: 02/05/90

Guidance and limits of soil cleanup: Alaska continues to use the CA Leaking
Underground Fuel Tank (LUFT) manual as an assessment tool for guidance in
selecting remediation goals. However, a working group of DEC staff members
are in the process of drafting regulations tailored more specifically to Alaska’s
climatic, demographic, and hydrogeologic conditions. Proposed rules include
recommended guidelines of 100 ppm TPH for diesel and other middle distillates,
and 0.5 ppm benzene, 2 ppm toluene, 0.7 ppm ethylbenzene and 10 ppm xylenes
as target values for all sites.

Related information: From the agency perspective, establishment of soil guidance
values provides a framework for policy that is enforceable, as compared to cur-
rent policy in which site-specific levels are left up to the discretion of a regional
supervisor. Soil standards are under development in response to a perceived need
by the agency from both public and private sectors. They provide a target for
industry and offer the potential for minimal involvement by the agency for tank
closures, particularly in the case of home heating oil tanks. Included in the pro-
posed rules are soil sampling guidelines adopted from the state of Oregon.

Documents: AK Department of Environmental Conservation, Interim SCRO Soil
and Groundwater Cleanup Standards, August 12, 1988.

Arizona

Name of agency: AZ Department of Environmental Quality (ADEQ)
Contact date: 05/01/89

Guidance and limits of soil cleanup: Health-based guidance levels of 130 ppb
benzene, 200 ppm toluene, 68 ppm ethylbenzene, 44 ppm xylenes, and 100 ppm
TPH are currently used as suggested cleanup levels for contaminated soils in
Arizona. A risk assessment must be performed by the RP to justify alternative,

site-specific cleanup levels.

Related information: The health-based guidance levels proposed by the Arizona
Department of Health are not enforceable soil cleanup levels. Consequently,
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ADEQ relies on voluntary compliance by RPs for cleanup. Experience has shown
the vast majority of RPs do comply rather than electing to perform a detailed
risk-based analysis to arrive at less stringent remediation goals. The health-based
guidance level for benzene was based on a literature review of soil ingestion studies
in children. Toluene, ethylbenzene, and xylene levels were derived from recom-
mended groundwater cleanup and action levels of 2 ppm, 680 ppb, and 440 ppb,
respectively (an attenuation factor of 100).

Documents: None available.
Arkansas

Name of agency: AR Department of Pollution Control and Ecology, UST
Program

Contact date: 07/26/89

Guidance and limits of soil cleanup: There are no formal cleanup standards
or guidelines that are followed, and remediation goals are determined on a case-
by-case basis.

Related information: The legislature appropriated monies in July 1989 for a
state UST program. The initial approach has been to apply federal require-
ments where appropriate, in lieu of development of their own reporting and
operating procedures for site investigation and corrective action. The agency does
not normally perform site inspections as part of investigation procedures at
this time.

Documents: None available.
California

Name of agency: CA State Water Resources Control Board, Department of
Health Services

Contact date: 01/13/90

Guidance and limits of soil cleanup: The California LUFT Field Manual pro-
vides a general approach for site cleanup based on the leaching potential of com-
pounds or groups of compounds in soil. It is intended to be used as a tool for
the determination of site-specific cleanup levels, as opposed to the establishment
of state-wide remediation goals. Estimated contaminant concentrations that can
be left in place without threatening groundwater are: 10 to 1000 ppm TPH for
gasoline; 100 to 10,000 ppm TPH for diesel; 0.3 to 1 ppm benzene; 0.3 to 50
ppm toluene; 1 to 50 ppm xylene; 1 to 50 ppm ethylbenzene.
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Related information: California classifies PCS as hazardous if it exceeds 1000
ppm TPH concentration, in which case the LUFT manual procedures may not
apply. Regulatory agencies, including county and municipal offices, may con-
sider additional or alternative factors such as potential groundwater and land use
when characterizing a site. The LUFT manual also provides responsible regula-
tory agencies with guidance for site investigation, risk assessment, and remedia-
tion while functioning as a tool for screening out sites which may or may not
require further study. Other agencies, including local air quality management dis-
tricts, Office of the State Fire Marshall, and Office of Emergency Services, have
jurisdiction for toxic air pollution control, fire, and explosion hazards, and have
developed procedures for tank closures and fuel leak sites.

Documents: Leaking Underground Fuel Tank (LUFT) Field Manual, State
Water Resources Control Board, State of California, Sacramento, CA,
October 1989.

Colorado

Name of agency: CO Department of Health (DOH), Water Quality Control
Division

Contact date: 02/07/90

Guidance and limits of soil cleanup: Cleanup levels are determined on a site-
by-site basis. Specific remediation goals are often to background or a level that
would protect groundwater resources and minimize potential offsite impacts.

Related information: Colorado recently passed UST program legislation, in-
tended to be no more stringent than current EPA regulations, which state that
the Department of Health can be involved in corrective action for site cleanup.
The Water Quality Control Division of the DOH has established limits of 5 ppb
benzene, 680 ppb ethylbenzene, and 2420 ppb toluene for drinking water pur-
poses. Corrective action plans submitted by RPs must address both environmental
and public health concerns, particularly with respect to potential offsite impacts.
An owner or operator may elect to perform a health-based risk analysis in order
to make that determination. The DOH reviews and approves all corrective action
plans. In those cases for which no agreement can be reached between the depart-
ment and the owner or operator, a UST Advisory Committee made up of public
officials, industry representatives, and public interest groups makes recommen-
dations for acceptable corrective action.

Documents: State of Colorado, House Bill No. 1299. Amendment to Sec-
tion 1. Article 20 of Title 8, Colorado Revised Statutes, Underground
Storage Tanks.
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Connecticut

Name of Agency: CT Department of Environmental Protection (DEP), Water
Compliance Unit

Contact date: 01/09/90

Guidance and limits of soil cleanup: There are no soil cleanup guidelines or
action levels at present. Site-specific cleanup levels are those determined neces-
sary to protect groundwater resources.

Related information: The UST Group within the DEP Hazardous Management
Unit regulates underground storage tanks and the handling of petroleum products.
Soil cleanup levels are determined based on the potential for groundwater con-
tamination and its use. The Department of Health Services uses public health code
regulations and action levels for volatile organics to determine the potablility of
drinking water supplies. Connecticut is currently using 1 ppb for benzene and
1 ppm for toluene as action levels for groundwater contamination.

Documents: CT Department of Health Services, Public Health Code Regula-
tion 19-13-B102. CT Department of Health Services, Volatile Organics and In-
organics Action Levels, January 1988,

Delaware

Name of agency: DE Department of Natural Resources and Environmental Con-
trol, Division of Air and Waste Management

Contact date: 07/10/89

Guidance and limits of soil cleanup: No guidance or action levels are reported
at this time.

Related information: The Division of Air and Waste Management is reportedly
in the process of developing a technical document which may include soil cleanup

guidelines or remediation goals. Cleanup levels may be incorporated into the ex-
isting corrective action plan process for UST sites.

Documents: None available.
Florida

Name of agency: FL Department of Environmental Regulation, Bureau of Waste
Cleanup
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Contact date: 09/18/89

Guidance and limits of soil cleanup: Soils that result in a TPH reading greater
than 500 ppm using an organic vapor analysis (OVA) instrument with a flame
ionization detector are considered excessively contaminated and must be remedi-
ated. Soils with vapor readings between 10 and 500 ppm TPH are deemed con-
taminated and may require remediation, depending upon the concentration, the
potential effect on groundwater, and soil type. Soils with vapor readings between
zero and 10 ppm TPH are considered clean.

Related information: Current guidelines allow for *‘initial remedial actions’’
(IRA) to be taken by RPs at sites to expedite the removal of excessively contami-
nated (> 500 ppm) soils and free product. At sites where only kerosene or diesel
fuel contamination is known to exist, an OVA reading higher than 50 ppm is
considered justification for timely removal of the material. The responsible party
must notify the Bureau of Waste Cleanup verbally within 24 hours and in writing
within 3 days in order to be eligible for reimbursement for cleanup costs associated
with IRAs. This approach is intended to eliminate the source of contamination,
thereby minimizing further potential impact while a more detailed site assess-
ment and remedial action plan can be developed to address the entire problem.
Treatment options for soils generated by IRAs are, in order of preference, in-
cineration, landfilling, and land framing. Treated soils may be disposed or used
as clean fill, road bed material or incorporated into asphalt mix, depending on
the residual concentration of BTEX and TPH left in the soil. There is pending
legislation and rule making that may transform current cleanup guidelines into
enforceable rules.

Documents: ‘‘Guidelines for Assessment and Remediation of Petroleum Con-
taminated Soils,”’ FL Department of Environmental Regulation, January 1989.

Hawaii

Name of agency: Hl Department of Health

Contact date: 01/09/89

Guidance and limits of soil cleanup: No guidance or action levels reported.
Related information: The agency currently relies on federal guidelines (RCRA)
and state water quality standards to evaluate site-specific environmental and pub-

lic health risks and determine cleanup requirements.

Documents: None available.
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IMinois

Name of agency: IL Environmental Protection Agency (IEPA), Division of Land
Pollution Control

Contact date: 01/11/90

Guidance and limits of soil cleanup: At sites where groundwater contamina-
tion is not a factor, soil cleanup objectives are 0.025 ppm for benzene, and the
sum of individual BTEX values should not exceed 16.025 ppm. All visibly con-
taminated soils, as well as those exhibiting petroleum odors must also be removed.
These objectives do not apply in cases of offsite releases, when the capacity of
excavation equipment is a limiting factor, or when excavation limits (i.e., a pub-
lic road) have been encountered. Groundwater impacted sites are handled on a
case-by-case basis.

Related information: A Cleanup Objectives Team (COT) and Coordinated Per-
mit Review Committee (CPRC) have been developed by IEPA to address site-
specific cleanup objectives for cases such as offsite releases and those involving
groundwater contamination. The COT provides technical support (risk assess-
ment) and recommends numerical cleanup objectives to the CPRC based on pro-
tection of the environment and the public health. The CPRC reviews the COT’s
recommendations (risk management) while taking into account other factors
including financial, policy, and legal aspects of the case, and either accepts or
modifies those recommendations accordingly. Final cleanup objectives are then
incorporated into the CAP for the site.

Documents: Guidance Manual for LUST Cleanups in Illinois. IL Environmental
Protection Agency, September 1989.

Indiana
Name of agency: IN Department of Environmental Management
Contact date: 11/15/89

Guidance and limits of soil cleanup: No guidance or action levels at present.
Cleanup determined on a site-by-site basis.

Related information: The Department is considering the use of a 100 ppm TPH
action level as a screening tool for site investigations.

Documents: None available.
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lowa

Name of agency: 1A Department of Natural Resources, Department of Water,
Air and Waste Management

Contact date: 02/05/90

Guidance and limits of soil cleanup: Iowa uses a soil vapor analysis level of
10 ppm as a screening tool and action level for further investigation. Soils greater
than 100 ppm TPH as determined by laboratory soil tests are considered con-
taminated and must be remediated. Final remediation goals are based on site-
specific conditions and determined on a case-by-case basis.

Related information: The Department is currently developing a more detailed,
comprehensive soil cleanup policy which will take into account recently estab-
lished groundwater and surface water cleanup guidelines.

Documents: None available.
Kansas

Name of agency: KS Department of Health and Environment, Bureau of En-
vironmental Remediation

Contact date: 11/06/89

Guidance and limits of soil cleanup: Contaminant levels for soils in excess
of 1.4 ppm benzene, 8 ppm 1,2-dichloroethane (for leaded gasoline releases) and
100 ppm TPH are contaminated and require treatment. TPH is defined as the
sum of individual concentratior:s of toluene, xylene, ethylbenzene, and methyl
tert-butyl ether (MTBE).

Related information: The Department has established a field testing protocol for
screening contaminated soils to allow for rapid remediation and closure of sites. Field
screening of gasoline contaminated soils is performed using head space testing with dra-
ger sample tubes. Sensory methods (sight and smell) are used for diesel contaminated
soils, with laboratory analysis being used where significant contamination is evident.

Documents: Technical Guidance Procedures for Petroleum Storage Tank Site
Evaluations. KS Department of Health, January 1989.

Kentucky

Name of agency: KY Dept. of Environmental Protection, Hazardous Waste
Branch, UST Program
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Contact date: 06/20/89

Guidance and limits of soil cleanup: The agency requires all contaminated
sites to be returned to background levels or detection limit.

Related information: Collection of both background and suspected or confirmed
contaminated soil samples is required at all tank removals. Gasoline spills are
analyzed for BTEX; diesel fuel contamination requires analysis for PAHs; and
waste o1l contamination levels are measured for TPH.

Documents: Guidelines for Site Investigations of Leaking Underground Storage
Tank Sites in Kentucky. KY Dept. of Environmental Protection, January 1990.

Name of agency: ME Department of Environmental Protection, Bureau of Oil
and Hazardous Material