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PREFACE

The rigorous control and management of hazardous materials
and wastes is an urgent necessity for safeguarding the public
health, our environment and natural resources, while at the same
time, fostering the continued economic growth of the nation.
Since 1980, the Hazardous Materials Control Research Institute
has organized an annual conference and exhibition to review,
update, and exchange information on the latest research and tech-
nical findings from the laboratory, industry, and the field con-
cerning hazardous materials and hazardous waste management.
With the cooperation of our affiliates, this annual Superfund
Conference and Exhibition has become the most comprehensive
gathering and information exchange available on the complex of
technical and policy issues that flow from the Superfund pro-
gram. These proceedings include the most up-to-date technical
developments, the impact of federal and state policies as well as
the legal, health, and economic issues that emanate from the
Superfund program.

CERCLA (The Comprehensive Environmental Response Com-
pensation and Liability Act) or “‘Superfund,’’ as it is now com-
monly known, was first passed in 1980. This Trust Fund, admin-
istered by the U.S. Environmental Protection Agency (EPA), was
created to help pay for cleanup of hazardous waste sites that
threatened the public health or environment.

Under CERCLA, EPA developed a strategy composed of
three major elements. The first called for assessing the uncon-
trolled hazardous waste sites in the Agency’s current inventory.
Second, those sites which presented an imminent threat to public
health or the environment were to be stabilized. Third, using the
National Contingency Plan (NCP) for guidance, the NPL sites
were ranked to receive priority attention for remedial cleanup
action.

The *‘Superfund”’ extension, the Superfund Amendments and

Reauthorization Act (SARA), signed into law in October 1986,
was funded at a level of 9 billion dollars. The extension repre-
sented a much increased funding level over the previous five-year
period, 1980-1985. A significant portion of these resources will
be devoted to remedial construction projects at existing and addi-
tionally listed NPL sites.

SARA is designed to achieve greater effectiveness by intensify-
ing all activities under CERCLA and adding more facets to the
scope of Superfund activities. Within the total program, SARA
states will be placed in the implementing role and greater respon-
sibilities will be delegated to the EPA Regional Administrators.
Through the implementation of SARA, new sites will be identi-
fied and new technologies will be developed and employed. There
are now approximately 981 sites on the National Priorities List
(NPL) plus other sites administered directly by the affected states.

In addition to EPA’s program responsibilities, there is now an
even larger involvement of other federal agencies concerned with
hazardous materials control or cleanup at federal facilities. Chief
among them are the Departments of Defense and Energy. To
gauge the extent of their involvement, EPA is slated to spend $9
billion through 1990, while DOD and DOE have admitted to re-
quiring $120 and $170 billion respectively over the next 30 years.

This year’s Proceedings include 125 papers and lecture outlines
that emphasize the latest developments and cumulative experi-
ences gained from the spectrum of Superfund activities. This
knowledge and experience can serve as an immediate technology
transfer for solutions to your areas of concern.

Hal Bernard
Executive Director
HMCRI
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Clean Air Act

Comprehensive Environmental Response Compensation
and Liability Act

Chemical Manufacturers Association

U.S. Army Corps of Engineers

Clean Water Act

U.S. Department of Energy

U.S. Department of Interior

U.S. Department of Transportation

Environmental Defense Fund

U.S. EPA Environmental Monitoring Systems Laboratory
U.S. Environmental Protection Agency

U.S. Federal Emergency Management Agency
Hazardous Materials Control Research Institute
Hazardous Materials Transportation Act

Hazardous Ranking System

Hazardous and Solid Waste Amendments

U.S. EPA Hazardous Waste Engineering Research Laboratory
Hazardous Waste Treatment Council

Loss of Interim Status

Leaking Underground Storage Tanks

Maximum contamination level

National Contingency Plan

National Institute for Occupational Safety and Health
National Oceanographic and Atmospheric Administration
National Priorities List

National Resources Defense Council

National Solid Waste Management Association
National Water Alliance

Office of Emergency and Remedial Response

Office of Research and Development

U.S. EPA Office of Solid Waste

Office of Solid Waste and Emergency Response

Office of Technology Assessment

Polychlorinated biphenyl

Potentially Responsible Party

Resource Conservation and Recovery Act (RCRA)
Remediation Investigation/Feasibility Study

Record of Decision

Superfund Amendments and Reauthorization Act of 1986 (SARA)
Superfund Innovative Technology Evaluation program
Toxic Substances Control Act

Treatment, Storage, Disposal Facility

Transportable Treatment Unit

Underground Storage Tank

Utility Solid Waste Activities Group
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CERCLA: Current Judicial, Regulatory and
Legislative Developments
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ABSTRACT

This seminar will include: (1) a review and analysis of cases significant
to CERCLA since the Superfund '88 Conference, with particular
emphasis on judicial interpretations of the “innocent owner” provisions,
the requirement that private response actions be consistent with the NCP,
and the scope of CERCLA liability; (2) a status report on major
regulatory developments in 1989, focusing on upcoming revisions to
the NCP, the hazard ranking system, release reporting requirements,
and U.S. EPA settlement policy and (3) a brief update on proposed
legislation related to CERCLA. Because of the topical nature of the
seminar, a final determination of all of the matters to be covered and
the issues that will be highlighted will not be made until just prior to
the conference.

I. JUDICIAL DEVELOPMENTS

A. Consistency with NCP

City of Philadelphia v. Stepan Chemical Co., Civ. No. 81-0851 (E.D.
Pa. Apr. 11, 1989. 18 CWLR 565.

U.S. EPA approval of a second cleanup phase and use of CERCLA
funds for such cleanup did not entitle the City to a presumption of
consistency with the NCP.

Cooper v. Armstrong Rubber Co., Civ. No. 188-0464(L) (S.D. Miss.
Feb. 3, 1989).

The court inferred that the plaintiff’s assertion of entitlement to
recovery of response costs included an implied assertion that the
response costs were consistent with the NCP, since only those costs
consistent with the NCP are recoverable.

Amland Properties Corp. v. Aluminum Co. of America, 711 F. Supp.
784 (D.N.J. Apr. 18, 1989) 18 CWLR 113,

Substantial compliance with NCP is not sufficient for recovering costs
in a §107 private party action; specific compliance with the NCP is
necessary. Initial monitoring costs, however, are recoverable, detailed
NCP provisions governing other response actions cannot reasonably
be applied to preliminary monitoring and evaluation of a release of
hazardous substances.

General Electric Co. v. Litton Business Systems, Inc., No.
87-3333-CV-S4 (W.D. Mo. June 20, 1989).

Consistency with the NCP does not necessitate strict compliance with
its provisions. The NCP is not intended to provide complex and detailed
site-specific decision-making criteria, but rather presents the federal
government’s general plan or framework for responding to hazardous
substance releases. Public hearings are not mandated in the NCP when
compliance with state requirements provides a substantial equivalent.
The NCP specifically provides that no federal approval of any kind is

a prerequisite to cost recovery under §107. A response action may be
consistent with the NCP in either of two ways: as a removal or remedial
action.

Jersey City Redevelopment Authority v. PPG Industries, Inc., No.
88-5184, 88-5185, 88-5520 (3d Cir. Dec. 28, 1988) 17 CWLR 626.

The response costs for off-site disposal of contaminated soil were
consistent with the NCP, despite lack of formal comparative cost
assessment of remedies, because the party conducting the cleanup hired
a highly qualified and competent consultant, whose testimony indicated
that the alternatives were carefully considered and that the removal was
both necessary and cost-effective.

Retirement Community Developers, Inc. v. Merine, Civ. No.
PN-87-2464 (D.C. Md. May 18, 1989 (29 ERC 1625).

Building owner cannot sue former owner under §107 for cost of
removing asbestos from building because such a response cost is
inconsistent with the NCP.

B. Liability of Owners & Operators

Louisiana-Facific Corp. v. Asarco, Inc., CIV. No. C-88-217TB (W.D.
Wash. Feb. 9, 1989) 29 ERC 1450.

The purchaser of assets of a copper smelting company is not liable
for response costs under §107 because the purchaser received explicit
CERCLA indemnification from the seller, the sale was not a merger
or consolidation constituting continuation of the original enterprise,
the purchaser was not a mere continuation of the seller and the sale
was not made to fraudulently avoid liabilities. State law of successor
liability is controlling on issue of liability of third-party defendant
corporation.

Kelley v. Arco Industries, Inc., CIV. No. K87-372-CA4 (W.D. Mich.
Feb. 9, 1989) 17 CWLR 1114.

A claim against individual defendants (the Chairman of the
Board/controlling shareholder and President/shareholder) was adequate
where plaintiffs plead that the Chairman and President were owners
and operators of co-defendant Arco, that individual defendants
improperly stored, handled or disposed of hazardous materials and that
Chairman had overall responsibility for operation and maintenance of
site and President directly supervised operation and maintenance of site.

Edward Hines Lumber Co. v. Vulcan Materials Co., 19 ELR 20187
(7th Cir. Nov. 7, 1988).

In a contribution action under CERCLA §113(f), a supplier of wood
preserving chemicals is not an owner or operator under §107(a)(2).

U.S. v. Nicolet, CIV. No. 85-3060 (E.D. Pa. May 10, 1989) 18 CWLR
34].
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Allegations that the corporate parent was directly liable as a former
owner and operator because it was the sole shareholder of the subsidiary,
actively participated in its management, was familiar with the
subsidiary’s waste management practices and benefitted from those
practices, adequately supported a cause of action.

Polger v. Republic National Bank, 19 ELR 20938 (D. Colo. Mar.
2, 1989).

The owner of a hazardous waste site may sue a bank that had
foreclosed on a tenant’s contaminated equipment for contribution under
CERCLA §107.

C. Innocent Landowner Defense

In re Sterling Steel Treating, Inc. Civ. No. 86-02999-R (E.D. Mich.
Dec. 30, 1988) 17 CWLR 9%00.

The purchasers of contaminated property are not entitled to the
innocent landowner defense (despite lack of knowledge of presence of
hazardous substances) because they had done business with the seller
and were aware of the uses of the property, and the property was open
for inspection before the sale.

South Florida Water Management District v. Montalvo, Civ. No.
88-8038-CIV (S.D. Fla. Feb. 14, 1989).

The present owner and lessor of the contaminated site is not entitled
to the innocent landowner defense because the owner purchased the
property with full knowledge of the lessee/defendant’s activities on the
land. The owner/lessor is jointly and severally liable with the lessee
and generator of the hazardous contamination, even though the
owner/lessor was not the source of any of the contamination.

Jersey City Redevelopment Authority v. PPG Industries, Inc., Nos.
88-5184, 88-5185, 88-5220 (3d Cir. Dec. 28, 1988) 17 CWLR 626.

The appropriate inquiry under the innocent landowner defense is
whether the landowner knew at the time of sale that the substance existed
on the property, not whether he knew specifically that it was hazardous.
The innocent landowner defense is not available to a defendant who
*‘caused or contributed” to the release or threatened release, so that
a buyer of chromium-contaminated property who sold the contaminated
soil as fill material was not entitled to invoke the defense.

U.S. v. Fleet Factors Corp., Civ. No. CV687-070 (S.D. Ga. Dec. 22,
1988) 17 CWLR 657.

The owners of a facility containing 700 drumr Hf toxic chemicals,
as well as large amounts of asbestos, invoked the 1nnocent landowner
defense claiming that Fleet Factors, the secured creditor who arranged
for the foreclosure auction and who allegedly forbade the owners from
disposing of the drums because of their potential value as assets, caused
the release. The court, in examining the parties’ cross motions for
summary judgment, rejected this argument, finding that the owners were
not entitled to the third-party defense because the secured creditor was
not solely responsible for the release. The court also found that Fleet
Factors, the holder of a security interest in a bankrupt, non-operating
facility, was not an “‘owner or operator” of a facility where hazardous
substances were disposed because of the security interest exclusion in
§101 (20)(A).

U.S. v. Pacific Hide & Fur Depot, Inc., Civ. No. 83-4052 (D. Idaho
Mar. 13, 1989) 18 CWLR 147.

Shareholders of a closely-held corporation who received their shares
through familial gifts or inheritances were innocent landowners because
the release was caused solely by act of a third party, they had no reason
to suspect hazardous substances were on the property, they had no
specialized knowledge or experience concerning PCBs or hazardous
wastes, etc. The legislative hisotry of SARA establishes a three-tier
system: commercial transactions are held to the strictest standard; private
transactions are given a little more leniency; and inheritances and
bequests are treated most leniently.

US. v. Parsons, Civ. No. 4:88-cv-75-HLM (D.Ga. May 30, 1989)
I8 CWLR 573.
The officer of a company arranging for disposal of waste and the
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company which agreed to take care of the wastes could not assert the
third-party defense under CERCLA, since the relationship was
contractual and the officer failed to exercise due care. Summary
judgment granted as to liability against the owner of property at which
hazardous substances were disposed, despite contention that owner was
in Jamaica at time of disposal, had no knowledge of disposal, and had
not given permission to his grandmother to consent to disposal.

Intermational Clinical Laboratories, Inc. v. Stevens, Civ. No.
CVE7-34T2 (E.D.NY. Apr. 12, 1989) 17 CWLR 1105.

The lessor of contaminated property is not entitled to the *third-party”
defense, because the CERCLA §101(35) definition of *‘contractual
relationship™ clearly includes lease agreements. An “as is” clause in
a contract for the sale of property under New York law bars only actions
based upon breaches of warranty; it does not bar an action against the
seller of the property under CERCLA.

D. Other Defenses

Channel Master Satellite Systems, Inc. v. JFD Electronics Corp., No.
88 605-CIV-5 (E.D.N.C. Dec. 29, 1988) 29 ERC IIT2.

In a §107 cost recovery action, the court rejected the defendant selier’s
contention that an indemnity clause in the sales agreement relating to
state law shifted CERCLA liability to the plaintiff because a violation
of federal law was also a violation of state law. A buyer of land may
recover response costs from the seller under §107 despite provisions
in the sales contract dealing with warranties, the “as is” condition of
the land, and indemnification. The thrust of §107(e) is that although
one may not deny liability for response costs by virtue of an indemnity
agreement, such an agreement is not eliminated by the strict liability
provisions of CERCLA.

Browning-Ferris Industries South Jersey, Inc. v. Mus:zynski, No.
89-CIV 1929-LLS (S.D.N.Y. May 10, 1989)

A prior RCRA §7003 consent order addressing the same site and
general circumstances does not prevent the subsequent issuance of a
CERCLA 8106 order requiring more substantial and specific actions,
where the RCRA consent order was entered into after CERCLA's
enactment and made no provisions for subsequent CERCLA orders.
The U.S. EPA’s breach of the prior RCRA order, however, can be
asserted as a defense to the subsequent CERCLA enforcement.

Colorado v. Idarado Mining Co., No. 83-C-2385 (DColo. Feb. 22,
1989) 29 ERC 1348.

The court found that the defenses to liability under CERCLA were
limited to those set forth in §107(b), and denied the availability of laches,
estoppel, failure to mitigate damages and the State’s alleged
encouragement of mining which gave rise to disposal as defenses. The
court also found that none of these additional defenses was sustained
by the evidence, including the de minimis party defense, and held that
defendants were liable for cleanup even as de minimis poliuters. Habitat
mitigation activities, including the stocking of streams and rivers with
fish, are necessary, and the court required that such actions be taken
as part of a general remediation program.

US. v. Rarber, CIV. No. 86-3736 (D.N.J. Mar. 3, 1989) 17 CWLR 8§73.

A genuine issue of material fact existed as to whether the sale of the
assets of an entire company that included hazardous substances was
an “arrangement” for the treatment or disposal of hazardous substances
under §107(a)(3) of CERCLA.

E. Citizen Suits

McCormick v. Anschutz Mining Corp., CIV. No. S88-97C(5) (E.D.
Mo. Jan. 30, 1989) 29 ERC 1A7.

Plaintiff failed to satisfy the injury requirement for standing in a §303
citizen suit through a claim that he could be subject to future liability.
The possibility of future injury is not enough.

Neighborhood Toxic Cleanup Emergency v. Reilly, CIV. No. 89-25T8
(SSB) (D.N.J. July 5, 1989) 18 CWLR 553.
The court interpreted §113(h) to allow judicial review of EPA’s selection



of a remedy only after the first phase of the remedy is complete.

Lutg V. Chrqmatex, Inc., CIV. No. 88-1764 (M.D. Pa. June 9, 1989).
A citizen suit under §310 may not be based on wholly past violations.

Sauers v. Pfiffner, CIV. No. 4-88-457 (D. Minn. Mar. 23, 1989) 29
ERC 1716.

The court dismissed an action brought under RCRA and CERCLA
citizen suit provisions because of improper venue (and refused to transfer
the case to proper venue). The suit was brought in the district of
plaintiff’s residence, and venue is proper in the district in which the
alleged violation occurred.

Schalk v. EPA, CIV. No. IP-88-344-C (S.D. Ind. Dec. 6, 1988) 28
ERC 1655.

Plaintiffs cannot bring suit under §310 to compel the U.S. EPA to
provide an EIS, because §310 permits citizens to challenge only failures
to perform non-discretionary duties.

F. Hazardous Substances

U.S. v. Sharon Steel Corp., CIV. No. 86-C-0924] (D.Utah May 17,
1989).

Raw ore sold to steel manufacturer is not a hazardous substance. Raw
materials which do not pose an immediate threat without further
treatment are not hazardous substances.

G. Response Costs

Regan v. Cherry Corp., 706 E.Supp. 145 (D.R.1. Feb. 10, 1989).
“Necessary costs of response” under §107 does not include punitive
damages.

Coburn v. Sun Chemical Corp., 19 ELR 20256 (E.D. Pa. Nov. 9,
1988).

Costs of medical screening and future medical monitoring are not
response costs under CERCLA &and plaintiffs cannot maintain a citizen
suit under RCRA §7002(a)(1)(A) against two former owners of a
hazardous waste site]. [but see Williams v. Allied Automotive 19 ELR
20689 (N.D. Oh. Aug. 3, 1988). Future medical monitoring costs may
be recoverable under CERCLA §107 if they are necessary and consistent
with the NCP.]

Ascon Properties, Inc. v. Mobil Oil Co., 866 F.2d 1149 (9th Cir. Jan.
31, 1989) 17 CWLR 821.

CERCLA does not require a property owner to allege the particular
manner in which a release or threatened release has occurred in order
to make out a prima facie claim under §107(a). In order to state a
cognizable prima facie claim, a property owner must allege at least
one type of “response costs” recoverable under CERCLA.

H. Natural Resource Damages

Acushnet River & New Bedford Harbor: Proceedings re: Alleged PCB
Pollution, No. 83-3882Y

Recoverable damages under §107(f) are of three types: (1) divisible
damages occurring on or after Dec. 11, 1980 (such as daily losses to
lobstermen); (2) indivisible damages which began prior to Dec. 11, 1980
and continued thereafter (including possible indivisible aesthetic injury
damages) and (3) latent damages which will occur at some as yet
undetermined time. In an action for natural resource damages, the
defendant bears the burden of proof as to the exclusion of recovery of
those damages under §107(f).

I. Criminal Liability
U.S. v. Greer, 28 ERC 1254; 19 ER 971 (lith Cir. 1988).
Eleventh Circuit reinstated guilty verdict against Greer, finding that
he knowingly disposed of, or knowingly caused others to dispose of,
hazardous wastes when he told an employee to “handle” the waste
despite knowing that his firm had no storage capacity. Greer was ordered
to serve 13 mo in prison.

J. Liability of States
State of New York v. Johnstown, T01 E.Supp. 33 (N.D.N.Y. Dec. 31,

1988).

Waste generators counterclaimed against the state seeking indemnity
and contribution in connection with landfills where the state directed
deposits of hazardous substances in an attemnpt to control environmental
damage, but failed to issue permits for the site. The court found that
where the state is a plaintiff in a CERCLA action, it waives its sovereign
immunity as to compulsory counterclaims, but the court dismissed the
counterclaim, noting that absent a special duty owed to the defendant,
no liability should be imposed upon a state for its alleged failure to
enforce its regulations.

Pennsylvania v. Union Gas Co., No. 87-1241, (57 U.S.L.W. 4662 June
15, 1989).

Language of CERCLA shows that Congress clearly intended that states
may be held liable along with everybody else for the costs of cleaning
up hazardous waste sites.

K. Recovery from Fund

Wagner Seed Co. v. U.S., CIV. No. 88-1922 (D.DC. Apr. 4, 1989)
29 ERC 1453.

The court sustained the U.S. EPA’s determination that the plaintiff
company, which had nearly completed response actions ordered under
§106(b)(2) as part of SARA, was not entitled to assert a claim under
that provision for reimbursement of its costs. The statute was ambiguous,
and the U.S. EPA’s interpretation of it was not unreasonable.

L. Insurance Coverage

Hazen Paper Co. v. United States Fidelity & Guaranty Co., 19 ELR
20364 (Mass. Super. Ct. Jan. 10, 1989).

A comprehensive general liability insurance policy covers liability
for response costs under CERCLA (as well as the Massachusetts Oil
and Hazardous Materials Release, Prevention and Response Act).

M. Pending Cases

Joslyn Manufacturing Co. v. T. L. James & Co. (on appeal to 5th
Circuit)

US. v. Carr

II. REGULATORY DEVELOPMENTS

A. Status of proposed revisions to NCP.

B. Revised Hazard Ranking System—results of field tests report (54
Fed. Reg. 37949, Sept. 14, 1989).

C. Scope of Federally Permitted Release Exemption (54 Fed. Reg.
29306, July 11, 1989).

D. Definition of Release—placement into unenclosed containment
structures (54 Fed. Reg. 22524, May 24, 1989).

E. Arbitration Procedures for small cost recovery claims (54 Fed. Reg.
23174, May 30, 1989).

F. Proposed response claims procedures for claims asserted against
the fund (54 Fed. Reg. 37892, Sept. 13, 1989).
G. Applications of policy on the placement of RCRA sites on the NPL

(54 Fed. Reg. 41004, Oct. 4, 1989).

H. Guidance on landowner liability under §107 (a)(1) of CERCLA, de
minimis settlements under §122(g)(1(B) of CERCLA, and
settlements with prospective purchasers of contaminated property
(Juen 6, 1989).

I. Evolution of Municipal Settlement Policy.

III. LEGISLATIVE DEVELOPMENTS

A. HRC 2085 (LaFalce)}—would exclude commercial lending
institutions acquiring facilities through foreclosure or similar means
and corporate fudiciaries administering estates or trusts from
definition of owner or operator under CERCLA §101(20).

B. HR 2087 (Weldon)—attempts to define *‘all appropriate inquiry”
(i.e., Phase I Environmental Audit) for purposes of qualifying for
the “innocent landowner” defense under CERCLA §101(35).

C. Potential effect on CERCLA of pending Clean Air Act and RCRA
amendments.
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ABSTRACT

Closure requirements and cover designs were evaluated for a low-
level radioactive waste site on the Hanford Reservation in the State of
Washington. Consideration was given to the impact of wind erosion
and subsidence on the performance of cover systems. Two cover designs
were evaluated; a thick sand cover and a multiple layer design cover.
Recommendations were given to the State of Washington to dynami-
cally compact the waste and close the site with a multiple layer cover.
The multiple layer design included biotic, capillary and hydraulic
barriers in addition 1o a gravel top dressing and vegetated surface.

INTRODUCTION

A study was commissioned by the State of Washington to develop
a closure plan for the commercial low-level radioactive waste disposal
facility (LLRWDF) on the Hanford Reservation'. Objectives for
closure of the LLRWDF included the following:

¢ To stabilize the waste and close the facility in a manner that would
minimize the need for both environmental monitoring and cover
maintenance

® To construct a cover which would minimize drainage through the
waste and prevent biotic intrusion into the facility for 1,000 yr

* To reduce gamma radiation from buried waste to background at the
site boundary

¢ To prevent run-on from episodic climatic events

* To minimize wind and water erosion of the final cover

* To minimize or accommodate long-term waste settling and cover
subsidence

The most demanding objective was to minimize drainage through the
waste over a 1,000-yr time-frame. If this one objective could be met,
nearly all other objectives also would be met. For instance, both wind
erosion and biotic intrusion would have to be minimized if drainage
through the waste was to be kept to a minimum. Similarly, subsidence
of the cover would have to be minimized in order to minimize drainage
through the waste. Wind erosion and subsidence are discussed below,
followed by a brief description of two cover systems evaluated for the site.

WIND EROSION

Wind erosion has long been recognized as having the potential to
degrade the performance of a cover system for the LLRWDF?, One
practice used to reduce wind erosion has been to place a gravel layer
as a topdressing on the cover. While this approach effectively minimize
wind erosion, it also may impact both infiltration and the kind and
amount of vegetation.

Little information could be found in the literature delineating the
optimal layer thickness and particle size distribution for a gravel top-
dressing. Consequently, on-site test plots were recommended to develop

4 SITE EVALUATION / LIABILITY

a better understanding of this layer. The importance of these studies
can be seen by the fact that the wrong gravel layer design may have
the dual effect of increasing infiltration while reducing evapotranspiration
(by inhibiting plant growth).

It has been observed that gravel topdressings may be buried through
the natural deposition of fines. Studies were recommended to evaluate
the influence of a buried gravel layer on the overall water balance of
a cover.

SUBSIDENCE

No multiple layer cover system can be effective if steps are not taken
to minimize or accommodate long-term waste settlement or cover sub-
sidence. This is an especially difficult problem where waste has not
been densified prior to or during placement. At the site under study,
waste was placed in a low density form and stacked greater than 24
ft deep in many places. Assuming 25% voids in the waste, an eventual
6 ft of subsidence would be possible due solely to consolidation of waste
solids. One third of the waste was assumed to be biodegradable organic
materials. Consequently, another 6 ft of subsidence could occur, giving
a total subsidence of 12 ft. Anywhere near this amount of subsidence
would result in complete failure of a multiple lift cover system.

Arid conditions at the site assured that both biodegradation of organic
materials and consolidation of the waste could take place over as much
as several hundred years. This long period of change makes the real
difficulty in the situation clear; much of the subsidence would occur
after the end of institutional control.

Excavation and Proper Redisposal

In hindsight, it can be seen that it was a mistake to place the waste
in a low density form. This one management approach has made long-
term containment of the waste an extremely difficult problem. If it is
casiest to dispose of the material properly in the first instance, many
would suggest that the next easiest solution would be to do it right the
second time. This corrective process would involve excavating all the
waste, destroying the organic materials through biodegradation or
incineration, compacting the residual inorganic materials to 95% of
modified Proctor density and redisposing this dense material.

While the above solution may be the most effective way to minimize
long-term cover subsidence, it also has significant disadvantages. There
was little doubt that many of the waste containers already were partially
degraded or crushed. This degradation would have released radioactive
materials into the immediate vicinity of the broken containers. This
situation would both greatly complicate any attempt to safely excavate
the material and substantially increase the volume of material to be
handled.

Another disadvantage of this solution to the low density waste problem
would be the potential for air release of radioactivity during excava-



tion, treatment, compaction and redisposal of the waste. This proposal
corrective solution might actually result in greater releases of radio-
activity than no action at all. Very intensive safety procedures and equip-
ment would be needed to safely implement this solution. Considering
also the scale and sophistication of the treatment operation, this solu-
tion could easily cost several hundred million dollars. While this expense
is comparable to that encountered with some of the largest Superfund
sites, it would be rejected on the grounds of cost and the potential for
both air releases and direct exposure of cleanup personnel.

Dynamic Compaction

Another solution which would densify the waste while inimizing air
releases, worker exposure and cost, was dynamic compaction. This
process would involve a very large weight (such as a 40-ton hammer)
repeatedly dropped from a substantial height (such as 45 ft) until there
was no further consolidation of the waste. This type of operation has
been considered elsewhere on the Hanford Reservation, West Valley,
Maxey Flats, and had actually been implemented at the Savannah River
Facility.

There are, however, disadvantages to this solution. For example, the
compaction process would likely result in the breaking open and
crushing of underlying containers. One could argue that most of these
containers do not represent secure long-term containment of the waste
anyway. Consequently, the argument that the existing containers at the
site provide containment would only be partially true in a short-term
sense and completely invalid in a long-term sense.

To argue that these containers should not be crushed has to be viewed
in the following context:

¢ Many containers never provided containment (cardboard boxes and
wooden crates)

® Many barrels were probably crushed as a result of the existing over-
burden pressure

® Steel barrels rust and corrode in soil environments

¢ If the containers were not dynamically compacted, there would be
so much eventual settling in the waste that ®the cover would subside
and fail

¢ If the cover failed, moisture would quickly move into the facility
through the waste, pick up contaminants and migrate to the
groundwater

e If the containers were crushed via dynamic compaction and a long-
term effective cover was placed over the waste, the amount of radio-
activity reaching the groundwater would be much less than if the
cover failed

Consider for a moment what would happen if all containers were
broken. Radioactivity likely would be released to the immediate vicinity
of the containers. This release in itself, would not result in any migra-
tion of radioactivity out of the facility. For radioactivity to migrate any
appreciable distance, there would have to be movement of moisture
through the waste. The only effective means to prevent moisture move-
ment through the waste is construction and long-term maintenance of
an effective cover system. It clearly followed that if subsidence was
not prevented, the cover would fail. If the waste is not compacted, sub-
sidence due to waste consolidation will occur. Consequently, if the waste
is not densified or some other solution is not found to resist the forces
of subsidence, the cover will fail. The ultimate solution would be to
require all waste to be disposed in a form that would minimize sub-
sidence.

There are two major causes for waste settlement; (1) consolidation
of solids and (2) degradation of organic materials. Dynamic compac-
tion only reduces consolidation of solids. If organic materials biodegra-
dation proceeds, then cover subsidence still occurs. It could be argued
that this could be significantly slowed by keeping the waste dry. The
best way to keep the waste dry would be to maintain cover effective-
ness by minimizing subsidence.

It would be difficult to provide an accurate evaluation of the expected
rate of subsidence with or without dynamic compaction. In hindsight,
it can be seen that an accurate assessment of subsidence under current
conditions could have been obtained through simple and inexpensive

studies conducted at the site over the last 20 yr of operation. This is
another area where policy action is needed now to require the kind of
studies which will facilitate long-term effective closure.

Arch Ribbed One-Way Slab Cocrete Cover

Another approach to accommodate long-term waste settlement is to
construct a structure over the waste. The structure would have to have
sufficient strength to resist subsidence due to both settlement of the
underlying waste and the overburden pressure of the overlying cover.
One structure which may be able to provide the required support would
be an Arch Ribbed One-Way Slab (AROWS) concrete cover.

An example design of an AROWS, 160 ft wide and 880 ft long, is
shown in Figure 1. Arch ribs, spanning 160 ft, are 1.5 ft to 2 ft wide
and S ft deep (Fig. 2). The rise for the ribs is 10 ft. Ribs not only would
be reinforced conventionally for bending and temperature stresses, but
also would be post-tensioned/pre-stressed to minimize tension stresses
and cracking. The slab would be 8 to 10 in. thick.

Forty-four slabs, 20 ft wide and 160 ft long, would be required for
a typical trench at the site. A 75 1b/ft’ superimposed load was used
for this AROWS. This loading would allow only 1 ft of cover soil.

If a multi-layer cover system were deemed necessary to go over the
AROWS, the cost would rise according to the thickness of the cover
system. Based on the stated assumptions, the preliminary cost for the
AROWS would be approximately $20/ft>. When this added cost is
included with the probability of also needing a multiple layer cover,
the total cost becomes prohibitive.

Another solution to the problem of subsidence would be to simply
rebuild the cover periodically. How long a period would be allowed
between rebuilding and the total number of rebuilds would be very hard
to define in the absence of information on the rate and total expected
amount of subsidence. If it were assumed that the cover was to be rebuilt,
then the requirements for a cover that would last 1,000 yr could be
relaxed. At the same time, however, the dollars set aside for long-term
maintenance would need to be greatly increased.

As with the other solutions to the subsidence issue, the assumptions
incorporated in this solution outnumber the hard facts. The solution
that involves periodically readdressing the problem would have inherent
advantages and reduced technical risks. By planning to rebuild the cover
in 50 or 100 yr, advantage could be taken of new developments in
materials and cover designs. It is important, however, to avoid placing
emphasis on capital-intensive activities beyond 100 or 200 yr because
it is impossible to determine if there would be effective institutional
control that far into the future. It is likely that institutional control would

not end suddenly. Control probably would begin to fade long before

it actually ended. Consequently, if the presumed end of control were
set at 300 yr, the final date for capital-intensive activities should be
set well before this time.

Uncertainty about the way or time in which institutional control will
end is in itself a very strong argument to develop a permanent solution
as soon as possible following closure. The fact that so many areas of
uncertainty remain about how to construct a permanent cover is a strong
argument for greatly accelerated research now to develop the informa-
tion needed to build very long lasting cover systems.

It may be that, considering all the uncertainties, the best solution
to the subsidence problem would be a hybrid closure. This scenario
would incorporate both an initial temporary cover and implementation
of a final permanent cover as soon as research can be completed which
would improve confidence in the ability to build such a cover.

COVER DESIGN ALTERNATIVES

Two specific cover design alternatives are discussed in this section.
Cover design alternatives examined included a thick layer of sand and
a multi-layer design.

Thick Sand Cover

The operator of the commercial LLRWDF proposed a design con-
sisting of 10 ft of sand over a 6-in. layer of gravel. The gravel was
designed to be a barrier to wind erosion while the thickness of the sand
layer was to minimize bio-intrusion into the waste.

SITE EVALUATION / LIABILITY
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Figure 1
Plan View of an Arch Ribbed One-Way Slab

The cover lacks any hydraulic or capillary barrier which would divert
the deep percolation of water. The presumption was that the recharge
rate would be so minimal (0.2 in./yr) that the travel time to the aquifer
would be sufficiently long (1420 yr) so that there would be no danger
of contaminating the groundwater®

Deep percolation rates in the Hanford area in recent years have been
reported as high as 2.4 in./yr*. If one assumes that the relationship
between deep percolation and transit time to groundwater is roughly
linear, then the values postulated by Bergeron, et al.,” can be used to
estimate different transit times. For instance, the 2.4 in./yr value on
the Hanford site would be 12 times that of the 0.2 in./yr estimate by
Bergeron, et al.,’. Dividing the 1,420-year transit time by 12 yields a
transit time estimate of 118 yr for a deep percolation rate of 2.4 in./yr.
Climatic changes are possible over the long post-closure period. If a
long-term trend develops toward a moderately wetter climate, then the
transit time would be significantly less than 118 yr. Any cover design
which uses the extreme low estimate of postulated current deep perco-
lation rates will fail to protect the groundwater under all but the driest
of possible conditions.

The design recommended by the operator adequately addresses wind
erosion. In addition, it is difficult to envision how subsidence could
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ARCH RIBS (TYPICAL)

significantly degrade the performance of a sand pile. The dez:ngn doea
not, however, provide for minimization of deep percolation during either
the relatively wet conditions optimal for performance of a hydraulic
barrier or the relatively dry conditions optimal for performance of a
capillary barrier.
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Periodic Replacement of the Cover

SECTION B

Multiple Layer Design

A muitiple layer cover design was developed which would meet all
RCRA and NRC requirements. In addition, the cover met the most
recent U.S. EPA technical guidance for final cover systems'. The
design was developed to provide both a long service life and the opera-
tional flexibility to minimize deep percolation under both relatively dry
and relatively wet climatic periods. In addition, the design would
minimize erosion, bio-intrusion and long-term maintenance. Any
multiple layer cover system is susceptible to performance degradation
as a result of subsidence. Consequently, specific actions, such as
dynamic compaction, would need to be undertaken in association with
this cover design to minimize subsidence.

Each layer in a multiple layer cover design should serve specific func-
tions, meet designated performance standards and be subjected to con-
struction quality assurance procedures which verify that the performance
standards are met. In addition, each layer in the cover should be com-
patible with the adjacent layers and support the overall objectives set
out for the cover system. Discussions in the following sections include
cover component integration and descriptions of all layers in the multiple
layer cover system.

Any cover system should be developed with careful consideration of
the context within which it must function. Two of the most important
contextual aspects for this cover are the long lifespan and the range
of potential climatic conditions. Consideration of the long half-life for
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percolation’. Each barrier system has an optimal efficiency at different
water flow rates. At relatively high flow rates, the optimal system is
a hydraulic barrier composed of a high permeability lateral drainage
layer over layers of low permeability material (Fig. 3). At relatively
low flow rates, the optimal system is a capillary barrier composed of
a medium permeability layer, such as a loam, over a high permeability
layer, such as a coarse sand or gravel (Fig. 4).

Figure 5
A Biotic Barrier System for Placement Above the Hydraulic Barrier
and Below the Cappilary Barrier
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Barrier System for Optimal Reduction of Deep Percolation
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A cover design that incorporates both a capillary barrier and a
hydraulic barrier should have the ability to minimize deep percolation
over a range of water flow rates. Schulz, et al.,* noted that placing the
hydraulic barrier over a capillary barrier would result in a very effec-
tive barrier system. This combination would be even more effective
for the site under study, however, if the hydraulic barrier were placed
under the capillary barrier. This is because of the need to protect the
compacted soil component of the hydraulic barrier from both shrinkage
cracks and biotic intrusion. When a compacted soil is placed near the
surface in a cover system, it is susceptible to shrinkage cracking due
to water loss from both evaporation and extraction by plant roots. In
addition, near surface hydraulic barriers can be damaged by burrowing
animals and holes left by penetrating plant roots.

If a biotic barrier system (Fig. 5) were placed over the hydraulic
barrier, biotic intrusion could be prevented. By placing the capillary
barrier over the biotic barrier, additional distance is placed between
the hydraulic barrier and the disruptive near-surface factors discussed
above. The biotic barrier also serves as both an excellent lower
component 10 the capillary barrier system and an efficient lateral
drainage component to the hydraulic barrier system. An illustration of
the integrated hydraulic, biotic and capillary barrier systems is shown
in Figure 6.

SITE EVALUATION / LIABILITY

CONCLUSIONS

Recommendations were made to the State of Washington to subject
the waste to dynamic compaction. In addition, a multiple layer cover
was recommended that would minimize drainage through the waste to
the maximum extent feasible with available cover technology. The cover
included a vegetated surface, gravel top dressing, and biotic, capillary,
and hydraulic barriers.
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ABSTRACT

Environmental assessments have become an integral part of indus-
trial property closures and transfers. Federal laws such as CERCLA,
SARA and the State of New Jersey’s Environmental Cleanup Respon-
sibility Act (ECRA) have focused attention on such property transfers.
The liabilities may be substantial for parties who had, have or will have
interests in the ownership, operation or transfer of ownership of proper-
ties which may be contaminated by hazardous materials. This paper
presents an approach for conducting environmental assessments for
industrial property transfers and summarizes case histories for environ-
mental assessments conducted at former industrial properties.

INTRODUCTION

This paper focuses on environmental assessments conducted for the
current owner or seller of industrial property. Knowledge of potential
environmental concerns allows the owner to identify the extent of pos-
sible liabilities associated with a particular piece of property and assess
potential impacts on the property’s value.

Industrial property environmental assessments may be performed to
accomplish the following objectives:

* Provide a “snapshot™ of existing site environmental conditions. This
“snapshot” not only provides information relative to property values
and impacts related to transfer of ownership, but it also provides a
benchmark against which future site conditions may be compared.
The information may, for example, show that contamination detected
on the site at some future date was not caused by the previous owner.
Identify site conditions which may be incompatible with proposed
uses for the property. A former manufacturing site would likely
require less remediation for future use in a similar manner than for
future use as a site for an elementary school or shopping mall.
Remediation requirements may make it impractical to reduce risk
of contaminant exposure to levels required for such “high” levels
of land use.

Estimate the impact of site environmental conditions on the property’s
value. Develop a firm estimate for remediation costs. Understanding
the costs of remediation will provide the seller with information
required to negotiate the sale of the property. The seller may elect
to perform site remediation prior to offering the property for sale
or he may elect to offer to reduce the selling price or establish an
escrow account to cover estimated remediation costs.

This paper suggests specific steps for planning and implementing
industrial property environmental assessments. Steps include estab-
lishing objectives, assessment planning, historical review of facility
operations, field data acquisition and data interpretation and presenta-
tion. The site history, combined with information from the field inves-
tigation, provides specific information regarding potential environmental

concerns at the site. This information then can be used by the owner
to evaluate the potential impact of environmental conditions on the
property transfer.

The case histories presented in this paper discuss applications of these
techniques for environmental assessment programs at two closed
industrial facilities. The paper summarizes steps taken at each facility
including: identification of suspected contaminated areas; field inves-
tigation methods and findings; and development of remediation alter-
natives for areas of concern.

ENVIRONMENTAL ASSESSMENT APPROACH

Industrial property environmental assessments may be conducted at
active or inactive industrial facilities, at property located within indus-
trial parks or at sites where industrial or manufacturing activities are
known or thought to have occurred. This paper and the case histories
presented herein specifically address the performance of environmen-
tal assessments at inactive industrial sites where the recent history of
site operations is reasonably well defined.

The following steps are recommended for conducting industrial
property transfer environmental assessments:

¢ Develop a history of the site

¢ Develop a detailed site investigation plan

* Implement the site investigation

¢ Evaluate and present the data

* Develop remediation alternatives and estimate associated costs

Each step is discussed in greater detail in the following subsections.

Develop Site History

Sites with long histories of industrial use require that particular
attention be paid to past operations on the site. Attitudes, regulations
and generally accepted environmental management practices have
changed dramatically, even in the past 15 to 20 yr. These changes can
have a significant impact on a property’s environmental condition. The
development of a site history is important, therefore, to assist in
evaluating where to look and what to look for regarding site environ-
mental conditions. The following important factors may be considered
in developing a site history:
® General site description and history
¢ Identification of key physical features of the site including build-

ings, storage areas, topography, geology, operational areas, process-

ing facilities, underground storage tank locations, etc.

* Identification of groundwater use in the area that may impact or be
impacted by site activities

¢ Identification of adjacent properties and activities that may impact
or be impacted by site activities

* Site environmental management history

SITE EVALUATION / LIABILITY
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Information for developing the site history may be obtained from the
following public and private sources:

¢ City, county, state and federal records

® Client records including site and utility plans (present and past); pre-
vious site investigations and reports; NPDES, RCRA or other per-
mits; aerial photographs; waste manifests; material safety data sheets;
spill prevention control and countermeasure (SPCC) plans; and
records of spills or other accidental releases of hazardous materials

* Site personnel interviews focusing on general site history, opera-
tions and site environmental practices

Develop Site Investigation Plan

The site history and a detailed visual survey of the site provide the
basis for developing a site-specific field investigation plan. The site
investigation plan provides the following key information:

¢ Proposed sampling locations and their basis for selection

* Contaminants of concern at each proposed sampling location

* Specific detailed procedures for selected field investigation techniques
such as soil borings, soil gas surveys, groundwater monitoring well
construction and sampling, electromagnetic surveys, etc.

¢ Laboratory analytical methods

¢ Quality assurance/quality control procedures

¢ Health and safety procedures for conducting site operations

The site investigation plan is a working document written for use
by the field investigation team. The procedures and techniques discussed
therein should be clearly and concisely presented to provide clear direc-
tion for field operations. The site investigation plan is an important docu-
ment that will define the type and extent of data to be obtained during
the field investigation.

Implement The Site Investigation

Implementation of the site investigation involves implementation of
the techniques and procedures outlined in the detailed site investiga-
tion plan. The site investigation may be carried out in two distinct phases;
the premobilization site visit and the site investigation. The premobili-
zation site visit provides the opportunity for key members of the field
team to become familiar with the site and increase the efficiency of
the full site investigation team. Suggested key objectives for the
premobilization site visit include identifying and personally contacting
existing and former key facility personnel; locating and staking proposed
sampling locations; obtaining clearance from facility personnel for utility
conflicts at selected sampling locations; establishing a schedule for coor-
dination with existing facility operations; and identifying areas for
establishing decontamination and command post areas at the site.

After completing the premobilization site visit, the full field investi-
gation team may be mobilized and the detailed site investigation plan
can be implemented.

Evaluate and Present Data

Data review, evaluation and presentation is the corerstone for evalua-
ting site environmental conditions and establishing a plan of action or
negotiating stance to address environmental concerns. Acceptable en-
viromental standards must be established to compare against site data.
Suggested evalaution criteria include:

* Are contaminants present at levels in excess of local, state or federal
regulatory limits?

® Are contaminants present at levels significantly in excess of back-
ground levels?

® Are contaminants present at levels which exhibit risks to human health
or the environment?

Develop Remediation Alternatives

A significant portion of an industrial property environmental assess-
ment may be the development of remedial action alternatives and asso-
ciated estimated costs. Development and evaluation of remedial
alternatives may include efforts ranging from the evaluation of a few
simple alternatives to the detailed evaluation of numerous alternative
technologies and combinations of technologies. Presentation of the
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team's findings may be limited to a simple project memorandum or it
may require a substantial written report including hundreds of pages,
not unike a Superfund feasibility study. The level of effort, cost, degree
of confidence and amount of required detail generally will be deter-
mined by the owner’s need for information. Information needs and cor-
responding degree of confidence likely will be less for an owner’s
preliminary budget-level assessment than for an assessment to be used
for negotiating property value impacts.

Elements of the preceding approach were used to plan and conduct
environmental assessments at two inactive heavy industrial facilities.
Both studies represent cases in which industrial activites were conducted
on the properties for many years. In the first case, the site had been
an active World War Il-era industrial site for more than 40 yr, first as
an aircraft manufacturing facility and then as an automobile assembly
facility. The second case history describes an industrial site which was
active as a railroad maintenance facility for more than 100 yr.

CASE STUDY ONE

Case Study One involved the investigation and assessment of an
inactive automobile assembly facility. The facility operated for approxi-
mately 45 yr with production discontinued in May, 1987. Prior to its
use for the assembly of automobiles, the facility was used for the produc-
tion of military aircraft The Case Study One site is shown in Figure 1.
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Case Study One Site Plan
Planning

The following principal objectives were established for this environ-
mental assessment:

¢ Identify potential areas of contamination present on the interior and
exterior of buildings at the site

® Review and summarize available site hydrogeologic/geologic infor-
mation

¢ Estimate the nature and extent of contamination based on specific
and finite data

¢ Identify and evaluate alternatives for cleanup or mitigation of
contaminated areas

Exterior areas of potential contamination were identified by the facility
owners. Areas were targeted based on their current or past use or storage
of hazardous material. The following major exterior areas were focused
upon:
¢ Underground storage tanks
® Acetylene generation sump
¢ Roof surfaces near paint and body shop ventilation exhausts
e Above ground tank farm
¢ Hazardous waste storage areas



Interior areas of concern were selected by identifying elements of
the PrOdllCthl‘l process involving regulated materials. Examples of
interior areas of concern include the following:

¢ Train wells for delivery and disposal of materials

¢ Paint removal molten salt bath and salt bath baghouse
* Paint storage areas

¢ Paint booths and drying ovens

® Metal coating areas

e Metal assembly areas

¢ Welding and soldering areas

¢ Elevators and equipment storage areas

Implementation

All soil boring and monitoring well locations were reviewed and
approved by a facility representative prior to drilling. A major concern
was location of utilities (i.e., fire, electrical and gas lines). The sampling
team had requested and received complete and detailed site plans iden-
tifying underground utility locations. Current utility information along
with facility personnel approval of sampling locations reduced the risk
of conflicts with underground utilities.

The site investigation was conducted in two phases. The Phase I
investigation was conducted in August, 1987. The site exterior was the
main focus of Phase I with the objective being to identify specific con-
taminants in the soil, underlying groundwater and on specific areas of
the plant roof (i.e., paint booth exhaust areas).

The Phase I investigation resulted in the completion of 41 soil borings
to a depth of 30 ft each with one soil sample collected at each 5-ft depth
interval and a groundwater sample taken from each boring. Permanent
monitoring wells were installed at five of these locations. In addition,
12 soil borings were completed to a depth of 5 ft each with one soil
sample collected from each boring. Phase I field activities were com-
pleted in approximately 10 working days.

The Phase II investigation was complete in January, 1988. This
investigation’s primary objective was to identify areas of concern in
the plant interior with additional sampling on the plant exterior to better
define the extent of soil and groundwater contamination identified during
Phase 1. The Phase I site investigation was completed in 12 days with
one interior and two exterior sampling teams. The investigation resulted
in an additional 24 soil borings, 12 of which were completed as per-
manent monitoring wells.

Results

The two-phase field investigation effort resulted in collection of over
800 samples including concrete and roof core samples, wipe samples,
scrape samples, soil samples, water samples and groundwater samples.

The final site investigation report identified several areas on the
exterior and interior of the facility requiring some form of cleanup or
mitigation. Based on the results of the investigation, alternative cleanup
technologies were identified and recommendations were presented to
remove, contain or treat contaminants in the unsaturated soil and the
groundwater at the site and in selected areas of the plant interior. The
estimated cost for recommended remediation alternatives total $2.7
million.

CASE STUDY TWO

Case Study Two involved the investigation and assessment of an
inactive railroad locomotive maintenance facility. The facility had been
in operation for approximately 100 yr, its principal function being to
rebuild locomotive and railcar component parts for supply to individual
repair locations. Shop operations ended in Janury 1989, and various
site closure activities are currently being conducted. The Case Study
Two site is shown in Figure 2.

Significant past operations on the property include an open drurp
storage area, buried fuel lines, closed underground storage tanks, oil
sumps, hazardous waste storage area, drum washing area, electrical
transformer storage area and an industrial wastewater treatment plant.

Planning
The following principal objectives were established for this environ-
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Figure 2
Case Study Two Site Plan

mental assessment:
¢ Identify areas of contamination at the site which may limit future

use and/or result in significant remediation costs that may restrict
its use due to the contamnation

¢ Identify site conditions which may, depending upon anticipated future

use, expose site occupants to potentially hazardous substances

¢ Identify areas of contamination which exhibit contaminant concen-

trations which may be of environmental concern
Areas of potential contamination were identified by the facility owners.

Documentation showed these areas had used hazardous materials in
their respective processes. The following major areas were focused
upon:

Above ground and underground storage tanks
Open drum storage area
Hazardous waste storage area

Fuel storage areas

Electrical transformer storage areas
Power plant

Car demolish area

Car dismantle area

Locomotive fueling area

Car switching/holding areas

Car shop

Wheel shop

Paint shop

Traction motor shop

Bearing removal shop

Developing the site history required reviewing archived facility site

plans. Many of the drawings are estimated to be 70 to 80 yr old. Areas
which may represent potential environmental hazards were identified
and addressed in the site investigation plan.

Senior and retired facility personnel were interviewed to help identify
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the locations of facilities which had previously been removed or
demolished. The following operational areas were focused upon:

¢ Wheel babbit shop

Oil/gasoline unloading house

Oil pump/sump area

Acetylene generation sump

Paint barrel disposal pits

Steam locomotive asbestos removal area
¢ Old traction motor shop

Implementation

Utility locations presented a major concern, given the long history
of the site. As old operational areas were closed, destroyed and replaced,
underground utility lines were drained, capped and abandoned in place.
These utility line modifications often were not included when blueprints
of the facility were updated. To compensate for this potential lack of
data, all soil boring and monitoring well locations were reviewed and
approved by the facility electrical and water departments prior to drilling
to reduce the risk of utility conflict.

The site investigation was conducted in two phases. The Phase |
investigation was conducted in February, 1989. This phase included the
collection of 26 area soil composite samples at depths ranging from
1 to 10 ft. In addition, 12 permanent monitoring wells were installed
to a depth of 20 ft each. Due to weather delays this phase was com-
pleted in approximately 3 wk.
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The Phase 11 investigation was completed in August, 1989. This
investigation's primary objective was to characterize the historical
production areas. The Phase Il investigation was completed in
approximately six days. The investigation included installation of an
additional § monitoring wells and 41 soil borings to a depth of 5 to
10 ft each.

Results

The overall field investigation effort resulted in the collection of over
200 soil and groundwater samples. At the time of this writing, the final
site investigation report was in final production. Several areas of the
facility will likely require some form of cleanup or mitigation. Based
on the results of the investigation, alternative cleanup technologies will
be identified and recommendations will be presented to remove, contain
or treat contaminants in the soil and groundwater at the site.

CONCLUSION

Industrial property environmental assessments have become an
integral part of industrial property closures and transfers. Property
assessments can identify potential environmental liabilites and assist
the owner in evaluating their impact on property values. The informa-
tion provided by environmental assessments allows the owner to
understand the environmental condition of the property and develop
strategies for implementation of remediation, closure and transfer of
the property.
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ABSTRACT

In our 1988 Superfund Conference paper that discussed liabilities
associated with the performance of Property Transfer Evaluations
(PTEs), we examined several areas of possible liability for consultants.
These areas of potential liability included contractual language, time-
frame, proper sampling and analytical techniques, interpretation of
results and integrating PTEs into business decisions regarding a property
purchase. In the past year, several other factors that can affect con-
sultants’ liability have arisen, including definition of state-of-the-art
methods, qualifications of personnel conducting PTEs, release of PTE
reports, incorporation of other consultants’ reports, confidential acqui-
sitions and disposal of investigation-derived waste materials.

This paper, however, will focus on methods to limit PTE liabilities
for the owners/operators of existing facilities. Such methods include
environmental compliance audits, waste minimization programs, recy-
cling/reuse/recovery, completion of remedial and corrective actions,
compliance and management monitoring, record-keeping and employee
training. We will show that a realistic assessment of facility compliance,
coupled with a comprehensive management program, will reduce lia-
bilities associated with property transfers when the facility is sold.

REVIEW OF CONSULTANT LIABILITY

Our 1988 paper' focused on methods to reduce consultants’ lia-
bilities associated with the performance of Property Transfer Evalua-
tions (PTEs). Some of these liabilities included those associated with
contractual language, time-frame, proper sampling techniques and
integrating PTE results into business decisions.

Consultant liability can be limited with effective contract language,
including a well-defined scope of work, clauses indemnifying the con-
sultant against third-party actions and limitation-of-liability clauses.

The time-frame is important for two reasons: (1) the schedule for
the project and (2) the schedule for the transaction closing. It always
seems that the call for the PTE comes on the Tuesday before the Friday
closing. The client must allow adequate time to plan and complete the
project before a final decision can be made regarding property purchase.

Proper sampling and analytical techniques are essential to a properly
conceived and executed PTE. We recommend U.S. EPA-approved
sampling and analytical protocols, or applicable state regulatory agency-
approved protocols, since the data may ultimately be compared to agency
data. In addition, agency-approved protocols can be regarded as standard
practice.

Integrating the PTE into business decisions regarding the purchase
is the client’s responsibility. Factors such as cash flow, tax rates and
property values are beyond the scope of the PTE. The client must take
the environmental information provided in the PTE and add it to these
other factors to make an informed decision. The consultant is not in
a position to make a recommendation regarding purchase.

RECENT LIABILITY CONCERNS

In the last year, other situations that can contribute to consultants’
liability have been identified and should be taken into account when
performing a PTE. These considerations include definition of state-of-
the-art methods for PTEs, qualifications of personnel performing PTEs,
release of PTE reports, incorporation of other consultants’ reports, con-
fidential acquisitions and disposal of investigation-derived wastes. Each
of these matters can become important both in completing the PTE
and in limiting the consultant’s liability.

State-of-the-art methods for PTEs have not been successfully defined
yet. As case law builds, however, it appears that a PTE conducted
without subsurface investigations may not be classified as “appropriate
inquiry.” It is important for PTE consultants to closely follow develop-
ments on the legal front and seek appropriate legal counsel. Other
attempts at method definition include the National Sanitation Founda-
tion attempts to formulate a “standardized”” method for PTEs. There
may be some inherent problems in standardizing an approach to inves-
tigations that, by their nature, differ on a case-by-case basis, but we
should watch for developments on this front.

Qualifications of personnel conducting PTEs is another area where
there have been recent developments. The State of California sponsors
a registration program for environmental assessors based on their rele-
vant experience. The State of Indiana recently passed a law requiring
that environmental documents signed by a Professional Engineer also
be signed by a Certified Hazardous Materials Manager. While it may
be some time before this system is implemented, a responsible consul-
tant will use personnel whose background and experience match the
demands of the specific investigation.

Release of PTE reports can become an issue if a property is resold
in a short period of time or if the original sale does not occur and a
new buyer is found. The report should state that it was prepared under
a specific circumstance and may not be applicable to any other situation.

Similarly, incorporation of other consultants’ reports into a PTE
should be done with appropriate disclaimers, especially if the other
reports are is investigative in nature, since liability for the conclusions
of one consultant might accrue to another who used the report.

Confidential acquisitions, especially of operating facilities, can present
difficulties for the completion of a PTE. Since every situation is
different, the exact scope must be discussed with and agreed upon by
the client. If access to the plant or property is not included in the con-
tract, the scope must state the limitations under which the report can
be used. The report itself should mention that the investigation and
recommendations were based only on the activities that actually took
place.

The last area of potential liability that should be mentioned here is
the disposal of investigation-derived wastes. It is critical that the con-
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tract specify who is responsible for the manifesting, transport and
disposal of such wastes, especially if they are hazardous. This respon-
sibility is usually the owner’s, but can be placed, if appropriate, on
the potential buyer. It also may be possible that such wastes can be
left on-site for disposal during the cleanup activities. If storage is used,
regulatory requirements regarding storage must be observed.

LIMITING OWNER/OPERATOR LIABILITY

The main topic of this paper concerns ways to limit owner/operator
liability associated with an operating facility when the time comes for
a property transfer. In general, we believe that a realistic compliance
assessment combined with a comprehensive management program can
reduce the potential liabilities and problems associated with PTEs.

Specific activities that should be included in this liability reduction
program include a complete environmental compliance audit, waste
minimization surveys, recycling/reuse/recovery studies, implementation
of remedial or corrective actions, compliance and management
monitoring, record-keeping and employee training.

Environmental Audit

The first step is a complete, realistic environmental compliance audit.
We say realistic because some compliance audits reflect only one area
of environmental compliance, such as wastewater discharges. A realis-
tic audit evaluates all applicable environmental regulations and the state
of current and historic compliance within the facility. Such audits have
been recognized by the U.S. EPA as effective means of controlling dis-
charges to the environment, documenting facility compliance, deter-
mining the facility’s ability to maintain compliance and identifying needs
for corrective actions. The audit report should present a detailed picture
of facility compliance with air, water, solid waste, hazardous waste,
toxic substances, drinking water, community right-to-know, underground
storage tanks and other applicable environmental statutes and regula-
tions. In addition, recommendations for corrective actions to achieve
compliance should be included.

The compliance audit is important for a property sale because it docu-
ments areas of potential liability for the owner/operator, whether buyer
or seller. The audit document can be an important source of data for
the background information review.

Waste Minimization Survey

Coupled with the compliance audit, a waste minimization survey can
identify methods or areas where waste generation can be reduced. In
general, facility operations can generate wastes at the raw materials
handling, storage, process chemical use, maintenance, finished materials
handling and disposal stages of operations. Improved *‘housekeeping,”
use of only necessary amounts of chemicals, safe storage procedures,
good maintenance practices and proper treatment or disposal methods,
all represent target areas where waste generation can be minimized.
Sometimes process engineering changes are required to reduce waste
generation, but in many facilities, a simple commitment to more effec-
tive storage, handling and maintenance practices can result in a sig-
nificant waste volume reduction.

The waste minimization survey is important for a property sale
because it provides process and raw material documentation, along with
methods used to reduce wastes and discharges.

Similar to a waste minimization survey is a study of recycling, reuse
and recovery options within the facility. The study can identify: process
streams that can be recycled or reused in operations; areas where raw
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materials or wastes can be recovered and reused; and methods (o alter
process operations to reduce the required amounts of chemicals needed,
therefore reducing the amounts of waste generated. This study also can
provide detailed process documentation at the time of a property sale
and economic data on materials and process costs that may figure into
the structuring of the property transaction.

Corrective Actions

As a result of the above studies, the need for corrective actions or
remedial cleanups will be identified. Implementing these actions and
documenting their completion are critical elements in both improving
facility compliance and reducing potential liabilities associated with
waste management practices. Even though some remedial actions, such
as groundwater treatment, can be expensive, implementing them can
be cheaper in the long run than waiting for a regulatory agency to
institute cleanup actions. In addition, the cost of a remedial action can
affect the final sale price of a property, especially if hazardous sub-
stance releases have been cleaned up.

Monitoring

Keeping the facility in compliance once the above studies and
corrective actions have been completed requires monitoring, record-
keeping and training. Compliance monitoring for permit restrictions
and facility performance usually is specified, but an effective manage-
ment monitoring program is necessary to implement waste control
measures. Management monitoring entails oversight of general work
practices and continuous investigation for ways to further reduce waste
generation. Management monitoring also includes close attention to
record-keeping and reporting requirements under the various environ-
mental regulations. In addition to fulfilling these requirements, a well
organized record-keeping system can speed up the background data
review if the facility is to be transferred. Additionally, it can provide
documentation of corrective actions and other cleanup activities.

Employee Training

A management commitment to facility compliance is only as good
as the employees’ commitment to work practices that support com-
pliance. A comprehensive training program is necessary for employees
to understand the management philosophy regarding environmental com-
pliance and to implement proper work practices. The management com-
mitment must extend beyond simply providing required training
programs. It should include opportunity for meaningful employee input
on compliance issues, work practices. continuous training programs
and employee incentives where appropriate. The importance of training
programs to a property sale is apparent if waste generation is reduced,
compliance is maintained and releases of hazardous substances are
eliminated.

CONCLUSION

In summary, existing owner/operator liabilities associated with
hazardous wastes can be significantly reduced or even eliminated at
the time of a property transfer through a combination of compliance
assessment, waste minimization, corrective actions and a comprehensive
management monitoring program.
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ABSTRACT

Portable Survey Direct Reading Instruments (DRIs) utilizing both
photoionization and flame ionization detectors play important roles for
organic contamination delineation in both air, soil and water. These
instruments have been used extensively in industrial hygiene applications
and most response patterns are well documented. Key to this
documentation is that most sensitivity values, and response factors are
measured in ambient air, with oxygen levels at normal breathing levels.

For the vast majority of DRI applications, such as air monitoring
for personnel exposure, the normal operating procedures and instrument
calibration are satisfactory to obtain reliable exposure assessments.
However, some waste site applications often have requirements that go
beyond normal conditions. Applications that require special
consideration are; soil gas analysis for an underground plume
identification, soil sample biasing for choosing a worst case sampling
location and confined space entry into petroleum storage tanks or
chemical tank cars. A key factor that can influence the exposure results
of DRIs is the effect of reduced levels of oxygen present in the sampling
atmosphere.

The focus of this paper is to examine the performance of DRIs in
monitoring applications where reduced oxygen levels are present. By
examining calibration standards prepared with various reduced levels
of oxygen in the background air matrix, we can establish the
performance characteristics of the various DRIs. In turn, this
performance should establish trends that will demonstrate the overall
effect oxygen has on general survey readings.

The effect of reduced oxygen and the varying humidity levels are
significant factors why DRIs analytical information can be improperly
biased, making the field data unrepresentative of the actual
concentrations present. Therefore, the overall goal of this paper is to
suggest potential correction factors that will allow the analyst to better
use DRIs to provide a more realistic and informative assessment of
organic contaminate exposures when analyzing reduced oxygen
atmospheres.

INTRODUCTION

Monitoring atmospheres with reduced levels of oxygen is always a
key personnel safety concern when accessing potential hazards at waste
sites. For site personnel, once an oxygen-deficient atmosphere has been
established, proper precautions can be taken for entry and other
environmental hazards can be accessed. What is not so apparent to most
analysts is how the effects of an oxygen-deficient atmosphere can
influence the measurement of volatile organics on protable survey direct
reading instruments. Therefore, in applications where there is a
possibility of less than normal breathing levels of oxygen present, the
readings that DRIs establish will be influenced. Applications where

this oxygen influence can occur are survey soil gas analysis, plume
identification, sample biasing and confined space entry. A generalized
effect that monitoring in reduced oxygen atmospheres has on all survey
FID and PID instruments is the following: the oxygen level goes down,
the instruments’ response ratios will go up, thereby inflating the true
survey concentration that would be expected under normal operating
conditions. As the following experimental data indicate, all instruments
tested exhibited an effect when operating in reduced oxygen atmospheres.
A response difference that probably was expected using an FID detectors
also was found when PID detectors were employed, with some designs
showing more effects than others.

INSTRUMENTAL

Nearly all of the direct reading instruments that are used in
environmental applications were designed for industrial hygiene use
for occupational exposure to chemicals. The primary instruments using
photoionization based detectors are HNU Systems PI 101, Thermo
Environmental 580A and Photovac Tip II. The primary flame ionization
system is the Foxboro Century OVAI28.

The basic principle of operation of all of these instrument is the ability
to perform real-time air analysis to determine the level of volatile
organics and, in some cases, inorganics. For field environmental
applications, these instruments are used as screening tools. They are
able to provide a unique survey analysis capability allowing a qualitative
trending of environmental contamination.

These instruments provide survey concentration values in ppm
equivalents, either isobutylene benzene or methane that can be related
to other pure substances by response factors. All of these equivalents
are based on the use of air that is the matrix for the introduction of
the trace contaminates. Air contains approximately 20 to 21% oxygen
and all DRIs calibrations are based on this. When the oxygen ratio
changes, the instrument calibrations are no longer valid in reference
to the equivalent readings under normal conditions. Unfortunately, there
are many applications where the ratio of nitrogen and oxygen change,
which can cause the trace organics to either be enchanced or reduced
from their true concentrations. Therefore, in approaching anerobic or
oxygen enhanced atmosphere, one must first determine the oxygen level
present before analyzing for volatile organics.

GENERAL APPLICATIONS

Soil Gas, Plume Identification

When performing soil gas analysis, many different methods are
employed. However, the most important aspect is the subsurface gas
sampling technique. Ideally, the gas to be examined is only subsurface
at a known depth representing a generalized area. This gas is collected
by the evacuation of the interstitial soil space. A device that allows the
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passage of the atmosphere is driven into the soil to the depth of interest,
sealed off at the point of entry and then the gas is collected and is directly
or indirectly (Tedlar bag) analyzed by a survey DRI to determine the
relative concentration present.

The problem with this approach is not in the analysis technique, but
is in the subsurface atmosphere which does not necessarily contain the
same atmospheric gas concentration as the surface air. Depending on
the geological features, the ratios of nitrogen to oxygen can affect the
survey DRI values quite substantially. The net effect can cause
suspencted contamination to be greatly misrepresented as to its actual
equivalent value. This effect in soil gas is demonstrated by analysis at
various depths in order to determine the downward contamination
migration. If the permanent gas ratios become anaerobic (i.e.
diminishing oxygen concentration) as you explore deeper contamination
then the results will be based on different gas ratios which will affect
the basis of the instrument’s direct reading survey equivalent calibration.
Therefore, when using a survey direct reading instrument as a diagnostic
tool for relative organic contamination the oxygen level also must be
evaluated in order to truly compare the instrument analysis results at
locations that may differ in oxygen concentration.

This effect of reduced oxygen can be expected to effect applications
such as plume identification, and soil sample biasing where the soil
is disturbed in order to allow gas trapped to migrate to an area where
it can be directly sampled. The analysis effects would be similar,
reporting higher than expected organic concentrations in areas that are
anaerobic and also have organic contamination present. This would be
less subject to large shifts as atmospheric mixing would reduce the level
of anaerobic character.

Another area where incorrect volatile assessments could be made
is in the area of confined space entry, i.e. refinery tanks. These cases
do have the advantage of a known reduced oxygen atmosphere yet not
applying a corrrection factor again would misrepresent the volatile
hazard present as toxic gases.

EXPERIMENTAL

Each instrument was calibrated to the manufacturers specification.
The photoionization instruments were calibrated by using a prepared
cylinder of isobutylene gas +5% at four concentration levels. The
calibration concentrations were 9.1, 49.7 ppm, 94.1 and 290 ppm. The
Photovac Tip II and the 580A report their data in isobutylene equivalent;
the HNU PI 10l was adjusted to read isobutylene equivalent form
benzene equivalent. This process allowed all PID instruments to be
examined on a comparative basis. Since the flame ionization Century
OVA reports its data in methane equivalent, a multipoint response table
was created so it also would report its data in isobutylene equivalent.
The OVA demonstrated good linearity with isobutylene and the response
factor determined was twice the methane equivalent reading.

The reduced oxygen atmospheres were made using prepared cylinders
of five different oxygen balance nitrogen mixtures. The value of oxygen
used were 17.56%, 14.6%, 11.56%, 8.46% and 00%. The standards
were made by flowing know volumes of the nitrogen-oxygen mixtures
into a 10-2 Tedlar Bag, injecting a known amount of pure isobutylene
via a syringe into the bag and mixing it with HO,/N, mixtures. Each
bag was then analyzed via a FID gas chromatoraph to determine the
actual amount of isobutylene present.

In order to examine every DRI's stability, each was span checked
for drift using 49.1 ppm isobutylene calibration mixture. Upon successful
examination of the span check, each instrument was connected and
allowed to sample the prepared isobutylene reduced oxygen bag until
the maximum instrument reading was observed. In all cases the time
allowed for sampling was greater than the manufacturer suggested
response time in order to assure 95% of value recorded.

Each instrument then evaluated each reduced oxygen atmosphere at
four to five different isobutylene concentrations, between 0 to 300 ppm,
in order to determine its performance over a typical analysis range.
All data were measured in progression from high concentration to low
concentration levels.
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FLAME IONIZATION DATA

Century OVAI128

The Century OVA uses a two gas FID instead of a three gas FID
that usually is found in laboratory equipment. A two gas FID does not
require a cylinder of air to support the combustion of the flame; instead,
it uses the oxygen present in its sample matrix to support its combustion.
The OVA uses a fixed flow of hydrogen, approximately 10 to 12 ML/mn
and sample air from a diaphragm pump approximately 1 to 1.2 L/min
to achieve the detector state required for volatile organic detection.
Therefore, when the oxygen concentration is reduced, the ratio of
hydrogen to oxygen changes and affects the detector chemistry of the
hydrogen flames’ combustion until a ppint is reached where the flame
no longer will burn.

Using a Century OVAI128 without the GC option, we determined that
detector flame-out will occur in atmospheres less than 11% oxygen.
Therefore, the OVA was tested in only three reduced oxygen
concentrations in which it could successfully operate. When using OVA
with the GC option, this flame-out level could shift to higher oxygen
levels due to the back pressure that can occur because of the GC column.

The response curves illustrating OVA's performance are found in
Figure 1. In general, as the level of oxygen is reduced, the response
from the OVA becomes non-linear. At the 17.56% level, the instrument
maintains a slight non-linear response showing greater distortion at high
levels and minor change at low levels. The ¥.6% level followed a similar
pattern, with the response factors increasing to 2.32 or 132% increase
at about the 14.6 high value. This effect continued to grow larger as
the 11.56% level was evaluated. At this concentration, we found the
most excessive non-linearity; at the highest concentration level, the OVA
reading was 444 % above the known concentration. At levels lower than
11.56%, the OVA flamed-out.

CENTURY OvA 128
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The OVA was tested to examine its behavior in clean non-spiked
atmospheres of reduced oxygen. Here we found that as the oxygen level
was reduced, the OVA responded by shifting its baseline to lower levels,
in effect producing negative readings. This is shown in Fig. 1A. The
greater the oxygen levels, the less the magnitude of the negative shift.
This shift and the creation of a hydrogen rich flame might help provide
an answer to negative field readings with an OVA. Examining the 10 x
level, one can see a 24% negative shift in the OVA response when
sampling the 11.56% and only an 8% negative reduction in the 17.56%
oxygen atmosphere.
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PHOTOIONIZATION DATA

Photoionization-based instruments have been reported to be
matrix-independent and specific to the relationship of lamp energy and
the substances ionization potential being examined. If this principle can
be applied to reduced oxygen atmospheres, then PID could be the
instrument of choice for this application. However, recent papers have
suggested that the above observation'is flawed. The fact that relative
humidity’ and percent levels of methane’ have demonstrated a
substantial effect on PIDs has greatly complicated the normal waste
site asessment methods.

The mechanism for a PID is described by the following equation
where: R + hv — R* $ ¢ where R is an un-ionized ionizable
species, R* is the ionized species, hv is an ultraviolet photon and e'
- is a free electron.

Since oxygen has the ability to absorb ultraviolet light, then
calibrations in a normal air matrix will be dependent on the amount
of oxygen present’. Therefore, the operation of a PID in a normal air
matrix 20 to 21% oxygen is present in the steady-state of the detectors
operation. If the level of oxygen is reduced, more UV photons will
be available for ionizing extra ionizable molecules, if the lamp energy
remains constant. Therefore, given a fixed concentration of isobutylene,
as the oxygen level declines, the instrument response increases, which
is illustrated by the graphs of the various PID analyzers. In contrast
to FID performance, PID do not show significant effects from reduced
oxygen until the atmospheres reach the 11% to 14% level.

HNU PI 101

Figure 2 demonstrates the oxygen response curves of the PI 101 using
a 10.2¢V lamp. Examination of the 17.56 % oxygen level show a limited
effect from atmospheric response levels. The effect appears mainly in
the four other oxygen levels; 14.6%, 11.56%, 8.46% and 0.0%. The
PI 101 showed the most significant effect at levels under 100 to 150
ppm, exhibiting lesser effects at higher ranges causing the graphs to
be non-linear assuming a parabolic shape. In general, a comparison

of mid-range average concentration of 50 ppm provided an oxygen
enhancement effect of 188% for 0.0%, 60% for 8.46%, 400% for
11.56% and 40% at 14.6% oxygen vs the known concentration value.
This effect at the 17.56 % oxygen level only enhanced the reported value
by 12%.

HNU PI10110.2 eV

INSTRUMENT RESPONSE PPM ISOBUTYLENE EQUIVALENT
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Figure 2
(Known Concentration) PPM Isobutylene

Our efforts to examine the 11.7€V lamp clearly showed that oxygen
falls somewhat within the ionization window of Argon lamp. The effect
of lower oxygen levels has an exponential effect and therefore it has
limited useful application in areas where reduced oxygen monitoring
is required.

Thermo Environmental 580A

We evaluated the S80A using 10.0eV lamp and found its performance
patterns to be good at low level concentrations. However, at
concentrations above the 70 to 300 ppm range, the response ratio
increased significantly, causing a non-linear response in this region.
The oxygen response curve is shown in Figure 3. In general, the S80A
reported less oxygen enhancement at the 50 ppm level than the HNU
PI 101.

In 00% oxygen, the 580A responded 84% higher than the known
concentration, which is an improvement from the PI 101 value of 188 % .
We were unable to examine an 11.8¢V lamp in the 580A but, based on
design similarities between the instruments, we would expect
comparable performance and caution the use of 11.8¢V ionizaton source
in a reduced oxygen environment.

Photovac Tip 11

The Tip II uses a microwave method of source excitation, and in this
application clearly performed well in reduced oxygen atmospheres. We
examined the Tip II using its standard 10.6 €V ionization source. The
Tip II showed only minor oxygen enhancement in all reduced oxygen
atmospheres under 100 ppm. For example, at a mid-range 50 ppm
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Figure 3
(Known Concentration) PPM Isobutylene

isobutylene concentration in 0.0% oxygen (pure N,), the instrument
only exhibited at 23% enhancement. In comparison, both the PI 101
and 580 were eight to three times more responsive at the same calibration
concentration. In values above 100 ppm, the Tip II also showed
non-linearity. However, its slope was much more mild, with the response
factors generally increasing. Figure 4 shows the reduced oxygen plot
for the Tip II. Overall, the Photovac Tip II exhibited the most limited
effect from reducing the oxygen levels.

CONCLUSIONS

As the data illustrate, it is important to monitor for reduced
concentration of oxygen when performing survey analysis with a PID
or FID DRI. In both cases when the oxygen levels are lowered the
instruments are no longer reporting data in a methane- or isobutylene-
equivalent calibration. The relative effect of reducing the oxygen level
enhances the reported values. This effect can be quite large in anaerobic
atmospheres and can vary among the instrument types. Based on our
experiments, we found that Photovac Tip II showed the most limited
effect for general use in reduced oxygen atmosphere with no
compensation for the fact of less oxygen.

Every instrument evaluated demonstrated enhanced performance in
reduced oxygen environments. With that in mind, each instrument
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should be mathematically corrected to properly reflect the true volatile
organic concentration present. The primary objective of this paper is
to provide more information about the performance of DRIs in different
applications so their informaltion can be better understood and the
instruments can be better used in environmental applications.
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ABSTRACT

The high costs of analytical services should be considered when
planning a remedial project at a hazardous waste site. Field analyses
of samples may be used to complement the work performed by an off-site
analytical laboratory by reducing the sample load. Alternately, if field
analyses are conducted without the support of an off-site laboratory,
an on-site mobile laboratory can be designed to meet necessary data
quality objectives. Field screening and/or approved U.S. EPA methods
for soils can be performed at an on-site mobile laboratory.

An on-site mobile laboratory can also expedite remediation through
real-time data production, which an off-site laboratory cannot provide.
This can result in substantial cost savings during excavation projects
which might otherwise require standby time for equipment pending
laboratory results.

The site discussed in this paper is the Swanson River Field oil and
gas production field, located in a remote area of the Kenai National
Widelife Refuge in Alaska. PCBs were used in a compressor station
as a heat-transfer oil in the process heat system of propane recovery
units, in electrical switches and in transformers. After an explosion at
the compressor station, the PCB-contaminated soils were stored in a
waste oil pit/stockpile and later were applied to more than 2 mil of gravel
roadway to suppress dust emissions.

During a 3-yr, $35-million project for the remediation of the
PCB-contaminated soils, the on-site mobile laboratory analyzed more
than 16,000 soil samples to manage and verify the effectiveness of the
cleanup. By analyzing soil samples using a modification of U.S. EPA
Method 608 as a screening tool, the excavation proceeded expeditiously
and economically, minimizing downtime for excavation equipment and
controlling the amount of material requiring excavation and treatment.
Cleanup levels also were verified on-site by analyzing samples according
to a modificaiton of U.S. EPA Method 8080 in order to comply with
site-specific regulatory requirements.

The objective of this evaluation is to describe one application of field
analysis at an on-site mobile laboratory used to support
PCB-contaminated soil remediation at a remote site. The field analyses
(screening and verificaiton) will be described, and the discussion will
focus on how an on-site mobile laboratory can provide an efficient,
economic and innovative approach for supporting excavation of
PCB-contaminated soils to an established cleanup level. The costs of
using a conventional remote laboratory will be compared to the costs
of using the more efficient on-site mobile laboratory to illustrate the
cost benefit of the latter approach.

INTRODUCTION

This remedial project took place on the Swanson River Field oil and
gas production field in the Kenai Naitonal Wildlife Refuge in Alaska.

From 1962 to 1972, Aroclor-1248 was used as a heat transfer oil in the
process heat system of the propane recovery units, and fluids containing
Aroclor-1254 were used in electrical switches and transformers. PCB
contamination of soils occurred in 1972 after an explosion at the
compressor plant. The contaminated soils were disposed of on-site in
an oil waste pit/stockpile. Other contaminated materials (metal debris,
etc.) were stored in areas throughout the oil and gas field.

The heat transfer system was refilled with Therminol FR-1, which
contained Aroclor-1242. This fluid was replaced with a non-PCB
containing oil, Therminol 66, upon enactment of the Toxic Substance
Control Act in 1976.

In 1983, PCB-contaminated soils from the oil waste pit/stockpile
inadvertantly were applied to more than 2 mi of roadway for the
suppressive of dust emissions and for road maintenance. After
completion of a comprehensive site investigation in 1985 designed to
verify preliminary data and document the approximate extent of
contamination, a risk assessment was conducted to evaluate potential
exposure and effects of the PCBs on wildlife in the area. Based on the
environmental risk assessment, cleanup levels of 12 ppm for roads and
24 ppm for the compressor plant and waste oil pit areas were negotiated
with the overseeing agency, the U.S. Fish and Wildlife Service
(USFWS), and a number of other agencies also involved in the
negotation process.

One major problem associated with site remediation was the lack
of qualified analytical support services within 1,500 mi of the site. If
an off-site laboratory were chosen, significant costs for sample
packaging, express shipping and quick tmrm-around of results would
be incurred. The premium for quick turn-around (i.e., 24 hr) of results
range from 150% to 300 % more than the normal turn-around of results
(approximately 2 wk) by a conventional analytical laboratory.
Additionally, the inability of an off-site laboratory to meet a quick
turn-around could delay the excavation process, thereby increasing the
excavator’s costs because of standby time. Additional factors considered
included the need to accurately communicate vast quantities of data
to the site and to review and validate QA/QC acceptance. A conventional
laboratory also is restricted by the number of samples it can process,
its manpower resources and other competing demands.

This paper presents an approach for mitigating PCB-contaminated
soils with the support of field screening at an on-site mobile laboratory.
An on-site mobile laboratory, as opposed to an off-site laboratory, offers
many advantages on a large-scale PCB remediation project. A unique
feature of this approach is that the on-site mobile laboratory can be
tailored to any configuration in order to meet the data quality objectives
of the particular PCB mitigation project as well as the project’s QA/QC
requirements.

Sample field screening by a shortened U.S. EPA method and sample
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verification by an approved U.S. EPA method were the two functions
of the on-site laboratory that satisfied the remedial data quality objectives
of this project. Field screening was used to deliniate areas requiring
excavation and/or reexcavation, while verification was performed to
provide the USFWS with valid results which illustrated that the cleanup
criteria were met.

METHODOLOGY

Sampling Design

Several U.S. EPA publications have presented guidelines for preparing
plans for soil sampling'?®. All of these documents discuss statistical
considerations when sampling soils and methods to calculate the
numbers of samples and sampling locations. For a planned removal
project, the recommended confidence limit is 95% or better with
analytical precision at 10% to 20%, if possible?.

The ideal mixture of a contaminant in soils would be its uniform
distribution, represented by a “‘bell curve.” However, natural variables
exist in any soil system and should be accounted for when sampling.
The effects of these variables upon the statistical analysis of the soil
data can be reduced by dividing the sampling area into smaller, more
homogeneous subareas. The objective of the sampling effort is to collect
a prescribed number of samples needed to estimate at what point the
appropriate cleanup level has been achieved. Therefore, relatively
homogeneous subareas may require a smaller number of samples in
order to satisfy the data quality objectives of the remediation.

Systematic sampling is the preferred method for a PCB sampling
design effort, due to the ease with which the method is implemented
in the field and its efficiency in detecting residual zones of
contamination’.

The subareas can be designed in a grid-like patiern to locate the
sampling points once the number of samples has been determined. There
are three formulae used to generate the minimum number of samples
required to assure that mitigated areas are below the cleanup levels'**,

Of the three formulae, the second formula, proposed by the USFWS,
provides the highest minimum number of samples to be collected within
a defined grid area*. The formula takes into account the small sample
size for each discrete subarea to be mitigated and defines the total number
of samples required to assure compliance with established cleanup level.

By using the mean PCB concentration of the subarea and several
statistically derived variables, the minimum number of samples that
would be required in each subarea can be calculated according to the
following formula:

N = (t)(s?) )
@ay?’

where N is the sample size required; t is the t-value obtained from a
t-table at n-1 degrees of freedom using a two-tailed test; s? is the
variance or standard deviation squared; a is the accuracy desired in
describing the mean; and y is the mean concentration in a group of
n samples.

Analytical Design

The data quality objectives of this remediation required two levels
of analytical uses. The first analytical level required the sensitivity to
detect PCB contamination at or below the cleanup level of 12 ppm and
required real-time determination of sample results. This screening tool
was needed to accurately delineate areas of contamination requiring
excavation, thereby reducing the unnecessary probability of excavating
soils at concentrations below the cleanup level. The second analytical
level was required to meet the USFWS criteria that an approved U.S.
EPA method be followed to verify the cleanliness of the excavated areas.
These results allowed the USFWS to approve the release of these areas
as clean. Split sample were taken by the USFWS to ensure the quality
of the verification samples.

Using a conventional off-site laboratory, soils within a specified grid
would be excavated to a predetermined depth based on the previous
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data of a site investigation. The highest minimum number of samples
(calculated by the above formula) would be collected, shipped to the
laboratory by overnight courier and analyzed by the screen method the
next day. A report of the results would be sent within 24 to 36 hrs.
If the sample results were found to be above the cleanup level,
re-excavation would be required and the process of sampling and analysis
repeated until the concentrations were below the cleanup level. Then
samples could be analyzed by the U.S. EPA verificaton method.

The excavation process followed for this remedial project proceeded
similarily but much more rapidly and economically with the support
of field screening. After the contaminated soils were excavated to a
predetermined depth, unlimited samples within the grid were collected
and screened by the on-site laboratory. This sampling procedure
provided a confidence limit of greater than 95% that zones of
contamination were sampled, therefore optimizing the sampling grid.
With an analytical precision and accuracy of 20% and a detection limit
of 1 ppm, the screening method met with data quality objectives for
excavation to 12 ppm. Nearly real-time decisions were made to
determine if re-excavation was required, and the process was repeated
until the grid area was ready for resampling and analysis by the
verification method, U.S. EPA Method 8080.

By field screening on-site, the minimum number of samples requiring
verification within the grid was calculated and sampled. Field screening
of soil samples in the on-site mobile laboratory was performed at a
rate of approximately 25 samples per man-day; this rate of analysis
provided almost real-time data from the time of sample collection and
allowed for effective management of the entire excavation process.

Once the iterative process of excavation/sampling was completed and
the screening sampie results were less than or equal 1o the adjusted
cleanup level, the verification sampling and analysis data were used
by the USFWS to determine if the cleanup level was actually below
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12 ppm. The USFWS permitted only the use of U.S. EPA Method 8080
results to determine if areas were completely remediated.

Analytical Methods

A modification of U.S. EPA Method 608 was developed to rapidly
analyze soil samples. Figure 1 illustrates the modified extraction
procedure.

A 2-g portion of a soil sample was placed in a test tube and 1.0 mL
of methanol added to assist in partitioning water moisture from the
extraction solvent, hexane. The mixture was vortexed for 30 sec; then
100 mL of hexane were added; the sample was vortexed for 1 min and
certrifuged for 5 min. Approximately 5.0 mL of extract were transferred
into a clean test tube and treated with 1.0 mL of concentrated sulfuric
acid. This cleanup step essentially removed oil and chlorinated pesticide
interferences’. The mixture was vortexed for 1 min and separated by
centrifuging for 10 min.

The hexane layer then was injected onto a gas chromatograph (GC)
with an electron capture detector (ECD) and quantified as the
appropriate Aroclor based on retention times and relative peak height
(area) intensities. A Shimadzu GC-Mini 2 equipped with a glass, 2m
x 3mm, 1.5% SP-2100/1.95% SP-2401 on 100/120 mesh Supelcoport
column and a Shimadzu Chromatopac CR-3A data processor were used
on analyze for Aroclors. A second column, packed with 3% OV-1 on
100/120 mesh Supelcoport, also was used for Aroclor identification when
necessary. Redundant GC systems were available to increase productivity
and provide a backup system if one GC failed. This feature was
important when working in a remote location where instrument servicing
was limited. The average analysis time for Aroclor-1248 on mixed-phase
columns was approximately 15 min.

The verification extraction and analysis procedure followed U.S. EPA
Method 3550/8080¢. Figure 1 provides a comparison of the
verification procedure to the screening procedure. Modifications to the
procedure consisted of sulfuric acid cleanup in place of Florisil, use
of iso-octane as the final solvent rather than hexane and the final
concentration step by nitrogen-evaporation instead of a micro-Snyder
column.

A larger portion of each soil sample (30 g) was taken and actively
extracted by sonicating in a mixture of acetone and methylene chloride
with sodium sulfate. This step was repeated two more times to assure
that the sample was effectively extracted. Excess moisture was removed
by passing the extract through a column of sodium sulfate used as the
drying agent. The extract volume was reduced via a Kuderna-Danish
concentrator with iso-octane as the final extract solvent. Sulfuric acid
was also used for the cleanup’. The extract was similarly quantitated
by GC/ECD analysis.

The advantage of the field screening procedure were that less
quantitative transfers were involved, thereby reducing analytical errors;
extraction time was approximately four times faster than the standard
method (approximately 25 screen samples could be processed versus
six verification samples in an 8-hr day by one chemist); smaller volumes
of waste extract and acid were generated, thereby reducing disposal
costs; and minimal expendable materials were required, thereby lowering
the cost per sample.

Besides the obvious differences in extraction procedures and
timeliness, these methods also met different data quality objectives.
The detection limits were 1 ppm for the screening method and 0.15 ppm
for U.S. EPA Method 3550/8080. In addition to the higher detection
limits, the screening method may be less representative of the sample
because of the smaller sample size and the resulting dependency on
the homogeniety of the soil matrix.

The on-site mobile laboratory used on the PCB remediation project
was designed to accommodate soil extractions using U.S. EPA Method
3550/8080 and modified U.S. EPA Method 608 procedures as well as
two GCs. Typically, up to two chemists per shift would work in the
laboratory with a maximum of three shifts per day. Figure 2 shows the
floor plan for the on-site laboratory which highlights three main areas:
(1) a GC instrument room, (2) an extraction area and (3) a storage room
(total area is 500 ft?). Utilities necessary for the laboratory were
160 amp of 110-V electricity, water and heat/air conditioning. If only

field screening were to be performed, approximately 250 ft? would be
adequate.
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Figure 2
On-Site Mobile Laboratory For PCB Analysis

RESULTS

The results of the screening procedure were compared to the results
of U.S. EPA Method 3550/8080 procedure used at the on-site mobile
laboratory and to the results of the split samples analyzed at a USFWS
laboratory. Data analysis by linear regression was used for the two
comparison. Generally, a correlation coefficient of greater than 0.9 is
classified as a good match between data sets and less than 0.7 a moderate
fit’. The confidence limits that apply to the whole regression line for
screening data are estimated at single values of the U.S. EPA method
or USFWS split sample data’. Figures 3 and 4 present graphs of these
regression analyses, using the screening data results from the on-site
mobile laboratory as the independent variable on the y-axis and U.S.
EPA Method 8080 (performed by on-site mobile laboratory) and
USFWS method results as the dependent variable on the x-axis.
Confidence bands, or limits, of 95% are shown as two branches of a
hyperbola to predict the variability of screening data compared to a
given EPA/USFWS method result.
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Figure 3
Screen vs. EPA 8080, ppm AR-1248 (Y=0.67+0.94 X)

In Figure 3, the results of 55 samples, analyzed for screening
(modified U.S. EPA Method 608) and for verificaton (U.S. EPA Method
808), with concentration ranges between 0.42 and 25 ppm Aroclor-1248,
have a correlation coefficient of 0.883. The regression analysis is
considered statistically significant at the 95% confidence limit. The
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narrow width of the confidence bands shows that the varibility of the
screeing data from the on-site mobile laboratory is samll compared to
the verification sample data analyzed by U.S. EPA Method 8080. The
equation of the regression line also indicates a slope ratio of nearly
unity (slope = 0.94) and the y-axis intercept close to zero (intercept
= 0.67 ppm).

Screening results of 20 samples from the on-site mobile laboratory
correlate similarily with the USFWS results shown in Figure 4, with
a correlation coefficient of 0.817 in the concentraton range of 0.6 to 23
ppm Aroclor-1248. The regression line did not fit as well as in Figure 3,
with a slope of 0.69 and an intercept of 2.39. The data pairs in Figure 4
are not statistically significant at the 95% confidence limit; however,
the data pairs are significant at 2 90% confidence limit. This result
is indicated by the wider confidence bands bordering the regression
line. The statistics may be improved by increasing the sample size of
paired data sets greater than 22.

These correlations indicate that the results of the screening method
agree with those of U.S. EPA Method 8080 at less than 25 ppm
Aroclor-1248, as do the results from an independent laboratory fo the
USFWS. Data points outside the 95% confidence bands may be due
to sample heterogeneity, grain size variability and the original content
of the PCBs in the oily gravel applied to the roads.

CONCLUSIONS

A combination of screening and verification analyses at an on-site
mobile laboratory has been shown to be a useful tool for a
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multimillion-dollar remedial project. Over 16,000 soil samples were
analyzed, of which 14,200 samples were screened and 2,500 samples
used to verify the effectiveness of remediation.

Approximately 80000 tons of soil were excavated during the
remediation. Based on a senario that an additional 5% of the soils below
the cleanup level would have been excavated if an off-site laboratory
were used and assuming a rate of $190 per ton for excavation, standby
time and treatment costs, approximately $760,000 in excavation and
treatment costs probably were saved.

The estimated cost savings for analytical services of the on-site
laboratory were approximately $580,000. This estimate was based on
the assumption that remote laboratory analytical fees would be $50 per
screen sample and $350 per verification sample, including express
shipping and a 24-hr turn-around of results. Considering operating costs
of the on-site mobile laboratory other than capital expenses for
instruments and equipment, sample unit costs were approximately $40
per screening sample and $175 per verification sample, based on a
turn-around time of results of 25 screen and six verification samples
in 8 man-hours.

The remedial technique of field screening soil samples at an on-site
laboratory with the additional capabilities of U.S. EPA-approved
verification analyses has been demonstrated to be economical and
provide valid analytical results in approximately real-time. The large
number of samples processed through the on-site laboratory has also
resulted in significant cost per sample savings, when compared with
the costs of a remote laboratory.
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ABSTRACT

Prior to implementing on-site bioremediation for polynuclear aromatic
hydrocarbon (PAH) contaminated soils, the soil-based detoxification
and degradation of hazardous constituents in the waste should be
evaluated. Treatability studies combined with site-specific characteri-
zation can be used to obtain specific information, including migration
potential, chemical partitioning among soil-waste fractions, treatment
efficiencies and approaches to enhancing treatment.

As well as presenting an approach, this paper presents results in which
information from an array of bioassays have been combined with in-
formation about fate mechanisms; together, these techniques will enable
the evaluation of the extent of detoxification and degradation of
hazardous constituents in soil systems.

The approach consisted of three phases. Phase one was designed to
determine the degradation rate and extent of the radiolabeled portion
of selected PAHs. Phase two involved monitoring the radiolabel and
toxicity of aqueous extracts of soil to estimate partitioning of parent
compound and metabolites into the water fractions. Phase three encom-
passed the evaluation of the soil solid fraction, including the tendency
of PAHs to become progressively more associated with the solid phase
(humic material). The framework described in this paper provides an
approach, based upon integrated chemical and bioassay evaluations,
for assessing management options at uncontrolled, PAH-contaminated
waste sites.

INTRODUCTION

Polynuclear aromatic hydrocarbons (PAHs) include a group of organic
pollutants that are of critical concern to public health and the environ-
ment because of their potential carcinogenicity, environmental persis-
tence, high bicaccumulation and low removal efficiency in traditional
wastewater treatment processes'. PAHs have been identified in soils
and groundwater at uncontrolled disposal sites, including wood
preserving, petroleum, oily wastes and coal gasification sites>** On-
site biological remediation of soil contaminated with PAHs is a treat-
ment technology that provides permanent cleanup as encouraged by
the U.S. EPA for implementation of SARA.

Prior to implementing on-site biological remediation technology for
PAH-contamined soil, the potential for the contaminated system to
accomplish detoxification and degradation of hazardous constituents
present in the waste should be evaluated. Treatability studies, combined
with site-specific characterization, can be used to: (1) determine migra-
tion potential at the site, (2) correlate chemical disappearance with
changes in bioassay response, (3) evaluate treatment efficiencies under
different experimental conditions, and (4) evaluate approaches for
enhancing treatment.

Treatment of PAH-contaminated soil generally has been reported in

terms of the decreasing PAH concentration over time**"®°. Typically,
soil samples are taken from a field site or laboratory microcosm and
extracted with a solvent. The concentration of PAH compounds in the
solvent extract is measured using gas or liquid chromatography. The
change in concentration of a PAH compound over time often is used
to calculate a rate of decrease in the concentration of PAH compound
in soil. The rate of PAH compound decrease can be used to estimate
time requirements for remediation of soil and to attain target cleanup
levels. Also, the effects of environmental factors (such as temperature,
moisture and ph) on treatment rate can be estimated.

Additional information concerning mechanisms by which PAH com-
pounds interact with a soil environment is necessary to understand
whether a compound is tranferred from one soil phase to another or
is chemically altered so that the properties of the parent compound are
changed. To evaluate the behavior of PAH compounds in contaminated
soil systems, the compound distribution among the physical phases that
comprise a soil system must be measured. For monitoring the poten-
tial environmental and public health impact of intermediate products,
the water soluble toxicity must be determined.

This paper presents an approach as well as specific results in which
information from an array of bioassays have been combined with
information concerning fate mechanisms to evaluate the extent of both
detoxification and degradation of hazardous constituents in soil systems
and to characterize the toxicity of potential leachates.

MATERIALS

Chemicals

Radiolabeled [“C] benzo(a)pyrene [B(a)P] was obtained from
Chemsyn Laboratories (Lenexa, Kansas) through the National Cancer
Institute (NCI). *C labeled pyrene was supplied by Dr. Ingeborg
Bossert, Texaco (Beacon, New York). Unlabeled B(a)P and pyrene were
purchased from Sigma (St. Louis, Missouri). Algal metabolite
standards—benzo(a)pyrene-trans-9,10-dihydrodiol, 11,12-dihydrodiol,
11,12-dione and 1,6-dione—were obtained from the Midwest Research
Institute through the NCI. Standard chemicals were dissolved in ethy-
lene glycol monomethyl ether (EGME) so that the EGME concentra-
tion did not exceed 0.1 mL/L diluent®

Propylene oxide was used to sterilize control microcosms by fumi-
gation in an airtight hood. Sterilization was checked by plating 1 mL
and 0.5 mL from a 1 g.:10mL distilled, deionized water suspension
of soil from the controls on nutrient agar and tryptic soy agar plates
and by GC analysis of the flash headspace for Co,.

Scintillation cocktails, Ready-Safe™ and Ready-Gel™ were purchased
from Beckman Instruments (Fullerton, California).

McLaurin soil samples from the Wiggins, Mississippi site were sup-
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plied by Dr. Gary McGinnis, Mississippi State University, Forest
Products Utilization Laboratory (Mississippi), and were characterized
by the Utah State Soil Science Laboratory, Utah State University (Logan,
Utah).
Biota

Daphnia pulex were purchased from Carolina Biological, collected
locally and identified by Edmundo Moreno, Fisheries and Wildlife
Department, Utah State University. Daphnids were maintained in water
collected from the Logan River, Utah. The river water was analyzed
for organic contaminants by HPLC.

Selanastrum capricornutum were supplied by Linda Abbott, Biology
Department, Utah State University, and cultured in our laboratory
according the procedure described by Miller, et al"

Glassware

Flasks used for microcosms (1 L) were purchased from VWR Scien-
tific (Salt Lake City, Utah) and were washed, rinsed three times with
distilled, deionized water (DDW), rinsed with methylene chloride and
placed in a muffle furnace for 1 hr at 500°C.

Beakers, flasks and aquaria used in toxicity and bioaccumulation tests
were washed with soap and water, rinsed with DDW, then rinsed sequen-
tially with a 10% HC! solution and a saturated solution of sodium
carbonate; then, they were rinsed five times with tap water and five
times with DDW and dried at 50°C.

Equipment

Soil and leachate samples were analyzed by the Microtox™ bioassay
according to the procedure in the Beckman Microtox™ System Operating
Manual%*®.

Soil samples, the insoluble humin and the humic-fulvic fractions,
were combusted in O, using a Harvey Biological Material Oxidizer
with the evolved CO, collected in an ethanolamine-methanol-
scintillation cocktail mixture.

Chemical extraction of soil samples was done according to the tis-
sumnizer homogenization system of Coover, et al®, using a Tekmar
(Cincinnati, Ohio) Model SDT-1810 motor, Model SDT-182EN shaft and
generator assembly and Model TR-10 speed controller.

Water samples generated from the water extraction were extracted
from Sep-Pak® C_ columns (Waters Association, Milford, Mas-
sachusetts).

Evolved *CO, from the combustion of samples and portions of the
leacheate, Sep Pak eluates and organic solvent extracts were counted
in a Beckman LS1701 Liquid scintillation counter (Beckman Instruments,
Fullerton, California).

Algal, daphnid and fish test cultures were incubated under GE-40
gold flourescent lights, and each soil microcosm was wrapped in black
plastic to avoid photo-oxidation®.

EXPERIMENTAL DESIGN

The flowchart (Fig. 1) provides an overview of the ¢xperimental
design and illustrates the three phases of this study.

The objective of Phase 1 was to determine the rate and extent of degra-
dation of the labeled portion of two specific PAHs. Phase 1 involved
incubation of material, collection of the carbon dioxide evolved and
any volatilized chemical, and extraction of soil subsamples through time.

Phase 2 involved liquid scintillation counting of the phase samples
and toxicity testing of the aqueous extract. Results were used to esti-
mate the rate and extent of partitioning of parent compounds and their
metabolites into the water phase and to evaluate the toxicity of the
generated leachate.

Phase 3 involved non-polar chemical and acid/base-neutral (humic
material) extractions of the solid fractions of the sub-samples to deter-
mine the partitioning of the chemicals and the toxicity of the solid
fraction.

METHODS

Phase 1
One gram of the unlabeled chemicals, (B(a)P and pyrene, was dis-
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Figure 1
Flow Chart For Analytical Procedure

solved in a flask in ethylene glycol monomethy! ether, spiked with
labeled compound ( = xCi/flask) and added in small increments to 700
g of the vadose zone soil in the appropriate flasks; after each addition
of chemicals, the soil was mixed thoroughly.

At each sampling, 1 g and 70 g soil subsamples were taken, and the
flasks were stoppered and returned to the incubation box. The 1-g sample
was used to estimate immobilized *C through autooxidation. Evolved
CO,. collected in a solvent trap, was assayed for “/c by liquid scintil-
lation (LS). The 70-g soil sample was tumbled for 24 hr with DDW
(4 x soil weight) to estimate water soluble organics.

Phase 2

Supernatant generated in Phase | was divided into several portions
for counting by LS, Microtox testing and use in the daphnid toxicity
testing. The remaining supernatant was extracted using Sep-Pak® C-I8
columns.

Phase 3

Sediment extracts were analyzed by reverse phase LC, using a gradient
mobile phase program consisting of 2 min isocratic elution with 40%
acetonitrile in water followed by 15 min linear gradient to 100% acetoni-
trile at a flow rate of 2 mL/min. Analytes can be detected at a wavelength
of 254 nm*

After chemical extraction, the sediment was allowed to air dry. One
gram samples were taken and combusted. The remaining sediment was
extracted using the Skujins and Richardson® method.

The insoluble (humin) portion was combusted in the Harvey Bio-
logical Combuster, and the carbon dioxide evolved was collected in
an ethanolamine:methanol:scintillation cocktail trap and counted by LS.

Statistical Methods

Statistical methods were used to evaluate the hypotheses stated in this
study. These methods assisted in determining the reliability of measure-
ments, estimating PAH compound degradation rates., determining the
significance of differences between replicates and evaluating treatments
for individual compounds.



One-way analysis of variance and the Duncan’s multiple range test
were used to evaluate differences in concentrations of PAH compounds
between sampling times. Multiple-way analysis of variance was used
to determine the effects of methane as a growth substrate and the differ-
ence of PAH degradation between the singly applied chemical and the
creosote waste.

All statistical procedures were performed using the SPSS compu-
terized statistical package (SPSS, Inc., 1986).

Results

Results from Phase I demonstrate that the percent recovery of the
radiolabel by chemical means was dependent on the chemical species,
polarity of solvent and time spent in soil. Through radiolabel (*C)
mass balances over all sample fractions, it was determined that 99%
of the radiolabel remained associated with the soil. Actual minerali-
zation of B(a)P and pyrene systems was insignificant over the duration
of this study. However, significant differences in sterile and nonsterile
labeled carbon dioxide were observed for both chemicals.

Phase I results of aqueous extractions of the soil suggested that the
radiolabel associated with the aqueous fraction increased over time.
Subsequent extraction of the water soluble fraction with methanol and
methylene chloride showed an increase in the amount of label associated
with methanol, while the amount of radiolabel associated with the
methylene chloride fraction remained constant (Figs. 2 and 3). The same
trend was observed in the sterile controls, although the total amount
of activity was greatest in the polar solvent from the nonsterile sys-
tems (Figs. 4 and 5). These effects suggest that the initial transforma-
tions of the PAH compounds result in the generation of more polar
intermediate compounds which prefer the methanol solvent. The total
radiolabel associated with aqueous phase averaged approximately 1%
at each sampling, with the majority of label found in the methanol eluate.
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Up to 100 days, the toxicity resulting from the introduction of both
B(a)P and pyrene to soil microcosms was low. This result was not sur-
prising given the fact that the amount of radiolabel associated with the
water soluble fraction was insignificant. An increase in radiolabel con-
centration in the water soluble fraction at 100-day incubation resulted
in a simultaneous increase in toxicity as indicated by both the Microtox™
and daphnid toxicity tests. This toxicity remained constant through 130
days with continued incubation, showing no apparent decrease in toxic
levels.

In Phase I, the partitioning of the radiolabel into methylene chloride
soil extracts decreased with time. The percent of radiolabel in the B(a)P
study associated with the soil fractions was higher than the precent of
radiolabel in the pyrene study. This result also was not surprising given
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the greater insolubility of B(a)P compared to pyrene. With a decrease
in the amount of radiolabel in the methylene chloride extracts, there
was an increase in the radiolabel found associated with the sediment.

Further evaluation of the sediment with acid/base extraction pro-
cedures indicated that approximately 75% of the label contained in the
sediment was associated with the inorganic fraction while 25% was
found associated with the organic fraction.

DISCUSSION

The conclusions from this study can only be interpreted for the par-
ticular soil used. Soil used in this study was McLauren sandy loam
from a Mississippi hazardous waste site and was acidic (ph = 5.4) with
very little organic carbon content (<0.5%). Soils with more organic
carbon (e.g., humus) may show larger increases of radiolabel concen-
tration in acid/base extractions. The vermiculite clay in this soil does
not hydrate easily, nor does it have the absorption properties of other
clays, such as montmorillinite. Soils with hydratable clays should show
a greater affinity for chemicals which would influence the rate of dis-
appearance of the parent compound.

Through capture of evolved radiolabeled carbon dioxide, minerali-
zation of B(a)P and pyrene was demonstrated to occur albeit at extremely
slow rates.

Increase toxicity from the water extract together with the greater
amounts of radiolabel in the methanol eluate compared to methylene
chloride eluate suggests formation of oxidized intermediates or by-
products. Identification of the polar intermediates is being evaluated
through HPLC fractionation and GC/MS spectrometry.

The increase in partitioning of radiolabel into the acid/base-extracted
fractions suggests adsorption of the parent compound and/or transfor-
mation products on inorganic and organic soil fractions. This result
also implies the possible increase in number of ionizable functional
groups causing chemical coupling or polymerization (e.g., humifica-
tion) which renders the radiolabel immobile. Increased association of
the radiolabel with the organic fraction over time suggests that the
kinetics of humification and/or absorption of the organic contaminant
may be an important factor to consider when developing detoxification
measures for polluted soils. Results from the comparison of sterile vs.
nonsterile microcosms suggest that immobilization as well as humifi-
cation may be mediated abiotically and biotically.

An important observation from this study is that half-lives of chemi-
cals in soil determined by chemical extractions should not be confused
with biodegradation or mineralization. Without further investigation
into the actual fate of the chemical in the extraction sediments, including
a complete mass balance analysis, complete detoxification cannot be
properly evaluated.

Further investigation of abiotic and biotic reactions of soil with chemi-
cal components describing the nature of the adsorption mechanisms
needs to be performed. This information can then be correlated with
the chemical or physical characteristics of soils.

Site-specific, soil characteristic studies must be conducted if we are
to successfully detoxify the many hazardous waste sites located in the
United States. Due to the different localities, types of soil, weather con-
ditions, efc., site-specific information should be considered when evalua-
ting detoxification approaches.

CONCLUSIONS

Association of the chemical with the inorganic fraction was a dominant
partitioning process. This reaction could account for the largest decrease
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in concentration of label to the methylene chloride extract. Despite the
large amounts of inorganically associated label, there were significant
amounts of the radiolabel associated with the organic fraction. The
primary mechanisms of disappearance of the parent compound appeared
to include partial chemical oxidations together with adsorption of com-
pounds to spoil components.
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the waste was set on fire after being placed in the pits. A 1973 aerial
photograph (Fig. 1) shows the rough outlines of three small pond-like
areas with a road leading from the manufacturing facility. The photo-
graph gave an indication of the probable dimensions and locations of
the waste pits in 1973. Although this was just one point in time, and
there was no way of knowing exactly how representative this photo-
graph was, it does suggest a systematic process of waste disposal. This
was valuable information for the design of the investigation.

The topography is extremely flat, with less than 2 ft. elevation change
across the site. An initial review of the geological literature suggests
that the site is underlain by approximately 10 ft. of glacial till over more
than 300 ft. of shale. Groundwater occurs in fractures and other perme-
able zones in the shale.

Site leveling and landscaping associated with a building expansion
in 1980 had erased any surface evidence of the waste pits, as seen in
the 1973 aerial photograph. Because the bedrock was so near the surface
(approximately 10 ft.) and because of comments about the disposal prac-
tices from long-time employees, it was believed that the waste was buried
in very shallow pits. The aerial photographs suggested that the size of
the waste pits was on the order of 10 by 20 ft. to as much as 50 by 60 ft.

Employee interviews and a review of the manufacturing and painting
operations prior to 1980 (when on-site waste disposal was active) were
used to estimate the physical and chemical characteristics of the former
wastes.

Description of Equipment

Benson* presents a methodology for deciding which geophysical
technique is appropriate based on site conditions. Based on the evidence
presented above, a decision was made to use a shallow electromagnetic
technique and a magnetometer to locate the buried waste.

A brief description of the basic theory and use of the Geonics EM-31
electromagnetic conductivity meter and the Geometrics 856A proton
precession magnetometer follows.

Electromagnetic techniques measure the terrain conductivity by
imparting an alternating current to a transmitter coil placed on or near
the earth’s surface’. The current passing through the transmitter coil
produces a magnetic field, which in turn induces small currents in the
underlying strata. Currents within the strata produce a secondary mag-
netic field, which is sensed by a receiver coil. It has been shown that
the ratio of the electromagnetic field detected by the receiver coil to
the electromagnetic field produced by the transmitter coil is directly
proportional to terrain conductivity. This allows terrain conductivity
to be read directly from the instrument in millimhos per meter
(mmhos/m).

The terrain conductivity value read by the instrument is an average
conductivity over the effective depth of the survey. The effective depth
is determined by the intercoil spacing (i.e., distance between the trans-
mitting and receiving coils) used in the survey. The Geonics EM-31
electromagnetic terrain conductivity meter was used at this site. It has
an intercoil spacing (distance between receiver coil and transmitter coil)
of 3.66 m and an effective depth of approximately 6m.

A proton precession magnetometer, such as the Geometrics G-856A
portable proton magnetometer used at this site, utilizes the precession
of spinning protons or nuclei of the hydrogen atom in a hydrocarbon
fluid to measure the total magnetic intensity®. The spinning protons in
the fluid behave as small, spinning magnetic dipoles. These magnets
are aligned or polarized temporarily by the application of a uniform
magnetic field generated by a current in a coil of wire in the G-856A.
The precessing protons then generate a small signal in the same coil
used to polarize them. This signal has a frequency that is precisely
proportional to the total magnetic field intensity and independent of
the orientation of the magnetometer. The proportionality constant, which
relates frequency-to-field intensity, is the atomic constant, the gyromag-
netic ratio of the proton. The precession frequency is measured by digital
counters as the absolute value of the total magnetic field intensity with
an accuracy of 1 gamma in the earth’s field of approximately 50,000
gammas.

The total magnetic field intensity, as measured by the proton
magnetometer, can be looked upon as the magnitude of the earth’s field
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vector, independent of its direction. Local disturbances, as might oc-
cur near buried metal objects, will add to the earth’s magnetic field
in the usual manner of vector addition. The local disturbances leave
signatures (anomalies) in the data that can be very useful for locating
buried metal objects.

Limitations in the use of the instrument come about when local large
magnetic anomalies that are not the target of the investigation distort
the signal greater than the targeted anomaly, effectively masking the
target anomaly. This problem is common when magnetometer surveys
are conducted near buildings, power lines, underground pipelines, etc.

Multiple techniques can be used with the EM, including vertical vs.
horizontal dipole, profiling and phasing.” Magnetic gradient measure-
ments can be taken with the magnetometer.® None of these techniques
were used since the additional information they would have provided
was not necessary for this particular site. However, these applications
may be very useful clsewhere.

COLLECTION OF DATA

The aerial photograph (Fig. 1) indicates three areas of possible waste
disposal. The first geophysical survey was made over a 200 x 400 fi.
area covering the locations of the suspected areas and conducted on
evenly spaced 20 ft. grids running north and south parallel to the existing
building.

After the grids were set up, the instruments were calibrated and data
were collected on every node. Terrain conductivity readings using the
EM-31 were made in a north-south and east-west orientation over each
node. The differences in readings at a node were later used as an addi-
tional criterion for determining anomalies. The readings were observed
when walking between nodes, and any changes of over 5 mmhos/m
dictated collecting mid-node readings. Total field magnetic intensity
readings were made at each node using the Geometrics 856A proton
precession magnetomelter.

Following the initial survey, the grid was expanded to 400 x 700 fi.
to collect data over the entire area on which the new building was to
be built.

PRESENTATION OF DATA

This section presents the data collected with the EM and magne-
tometer. Figures 2 and 3 show topographic contour maps of the data
from the EM and the magnetometer (entire 400 x 700 ft. survey). Note
that magnetometer data in Figure 3 show a decrease in intensity on
the eastern edge. This decrease is due to the magnetic properties of
the steel-frame building that is 50 ft east of the survey area.

Building Anomaly correction

The magnetometer anomaly caused by the steel-framed warehouse
50 ft. from the eastern edge of the survey area can be modeled. Because
the southern half of the survey was relatively free of anomalies (except
for the building), the effect of the building can be calculated. Taking
the average of each north-south line in the southern half of the survey
(0 to 300 ft north) and comparing these values to the average values
for the western part of the survey, the change due to the building is
determined.

Figure 4 is an x-y graph showing the deviation in gammas versus
the distance from the building. The actual deviation as well as the
modeled theoretical deviation are shown. The modeled deviation treats
the building as a series of monopoles and varies as the inverse square
of the distance from the source (i.e., 1/r)°. Now the building anomaly
(900 gammas at the eastern-most edge) can be subtracted from the raw
data and the data re-analyzed. The replotted magnetometer data are
shown in Figure S.

Defining Anomalies Using Statistics

The geophysical anomalies were defined using a simple statistical
approach. The data were resolved by taking the average and standard
deviation of the population and then considering as anomalous any data
points outside plus or minus one standard deviation from the mean.
This approach was intended to remove the subjective nature of deciding
what is anomalous and assumes that the background readings, including
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noise, fall inside one standard deviation and that the anomalous readings
fall outside that range. The success of this approach is discussed later.

Analyzing the 762 data readings collected on the magnetometer survey,
the mean was 55,408 gammas, with a range from 53,380 to 56,361 and
a standard deviation of 254 gammas. Using the approach mentioned
above, an anomaly would have to be more than 250 gammas to be dis-
tinguished.

Statistical analysis was performed on the modified readings that
accounted for the building anomaly (values plotted in Figure 5). Using
this approach, the mean is 55,529 with a standard deviation of 148
gammas. Based on this approach, any variation over 150 gammas was
considered an anomaly. This second set of statistics was used in this

paper.

EM Statistics

The same statistical approach can be used with the EM data as the
magnetometer. Using all the data, the mean was 24.6 mmhos/m with
a range from 0 to 69 and a standard deviation of 12 mmhos/m.

As with the magnetometer data, the desire is to determine the changes
from the surroundings rather than the absolute readings. As seen in
Figure 2, the values of conductivity are of two distinct levels; in the
30 range in the northern section and in the teens in the southern section.
The transition between these two levels occurs at between 350 and 450 ft
north on the grid.

Upon further investigation of the geotechnical borings gathered during
the building design, a change in depth to bedrock was noted. Figure 6
shows the depth to bedrock along a north-south section of the site and
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the corresponding average EM readings. The northern section is 7 to
10 ft to bedrock; the middle section is approximately 15 ft and the
southern section did not encounter bedrock in the first 30 ft.

Recall that the depth of investigation of the EM-31 is approximately
18 ft. The EM-31 in the northern section was responding to a two-layer
system of glacial till and shale, and the southern section was responding
to only the till. Because the fractured shale has a higher conductivity,
a higher reading in the north resulted.
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With this observation in mind, the EM data were separated into two
sections prior to statistical analysis (as northern and southern segments).

Statistical Analysis of EM Data (mmhos/m)
Deviati

Area Mean  Range Standard
Southern 15.3 0-27 33
Northern 356 0-69 96

Using this approach, two criteria arise for determining an
anomaly: greater than 4 mmhos/m in the southern section and
greater than 10 mmhos/m in the northern.

Absolute Difference Approach With the EM-31

It is very likely that the waste in the burial pits was placed
randomly and of varying conductance. Therefore, electrical con-
ductivity readings from varying directional orientations of the
EM-31 could have different values.

Figure 7 is a plot of the absolute value of the difference in
EM conductivity from the north-south and east-west orientations.
This method identified all of the anomalies related to buried
waste, plus additional responses to subsurface features.
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Applying statistics to this set of data yields an average value of 1.2
mmhos/m, with conductivity differences ranging from 0 to 30 mmhos/m
and a standard deviation of 2.1 mmhos/m.

Man-Made Anomalous Features

There were three man-made surface features on this site that created
anomalies in the geophysical data (Figs 8 and 9): the building, a trailer
on-site for personnel decontamination and a paved road.
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The building had a large impact on the magnetometer data, even
though the survey never got closer than 50 ft to the building. The
building had no significant anomalous effect on the EM data.

The decontamination trailer was located on the northern edge of the
site. The trailer had a steel frame, aluminum body and dimensions of
10 x 25 x 10 ft (high). Anomalous values were seen in both the EM
and magnetometer data due to this feature, although the effect on the
EM was only at one point (this point, 700 north - 360 east, was not
used in the analysis of the EM data). The trailer created an anomalous
feature in the magnetometer data that extended up to 60 ft radially (Fig.
11), but did not affect the resolution of other anomalies.

The blacktop road (Fig.11), given the accuracy of the magnetometer
data and its close proximity to another anomalous feature (the building),
had no distinguishable impact on the magnetic data. The effect of the
road on the EM data was fairly uniform and consisted of elevated con-
ductivity values of 6 to 8 mmhos/m.

Several other anomalies identified by the data are shown and labeled
A through K on Figures 8, 9 and 10. Since all the anomalies related
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to known man-made surface features have been identified and delineated,
these labeled anomalies represent subsurface features with electro-
magnetic or magnetic properties significantly different from ambient
conditions.

INTERPRETATION AND VERIFICATION OF ANOMALIES

All of these anomalies (A through K on Figures 8, 9 and 10) were
then investigated directly by excavating the waste and digging additional
confirmation trenches with a backhoe. Buried waste was removed to
a temporary storage pad away from the proposed building site. Borings,
both from a geotechnical investigation for the building site and from
monitoring well installations, supplied additional correlative data.

The waste excavation, verification trenches and soil borings created
a unique opportunity for the authors to compare each geophysical
instrument’s response to anomalous features at a hazardous waste site.

Figure 11 outlines excavated waste pits, verification trenches and soil
borings with respect to the geophysical anomalies. The waste pit exca-
vations shown in Figure 11 include the excavation of natural soils under
and around the waste pits that had been contaminated by an organic
leachate from the pits. The actual dimensions of the waste pits are some-
what less than shown. This organic leachate was not detected by the
geophysical instruments.

Table 1 summarizes each geophysical anomaly detected. Included
in the table are a physical description of what was found during exca-
vation and trenching, the maximum instrument responses of each tech-
nique in relation to surrounding values and whether these responses
were sufficient to be called an anomaly (> 1 standard deviation above
the surrounding values).
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All these techniques detected the waste pits (Anomalies A to E), but
each instrument also responded to additional surface and subsurface
features. The EM readings also detected two natural subsurface features
(bedrock slope and subsurface tree roots). Taking the difference between
EM orientations at a node eliminated these two, but detected two addi-
tional features (concrete slab and surface material). The magnetome-
ter was not affected by the natural subsurface features and the smaller
man-made features, but it was highly affected by the nearby building.
Each instrument was “‘fooled’” by extraneous geologic or man-made
features, but had a high correlation in detecting waste when all three
techniques detected an anomaly.

Figure 12 shows the geophysical properties of anomalies detected and
also highlights the anomalies where buried waste was found. The wastes
detected were either ferromagnetic (responded to magnetometer),
possessed a significantly different conductivity value than background
(responded to EM reading) or were heterogeneous (responded to EM
orientation). Using the multiple property approach yielded a much
higher success at predicting where the buried waste was located. The
only feature that “‘fooled” all three techniques was the buried tin
building, which coincidentally possessed the same three properties of
the biried wacte

Each instrument responded to different physical properties of the
buried material. Given a different set of field conditions, one instru-
ment may perform better than another.
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The desire is to compare how well each instrument responded to each
anomaly, but the magnetometer reads in gammas and the EM in
mmhos/m. To be able to compare the two instruments, a *‘signal-to-
noise ratio” was calculated using the maximum response divided by
the standard deviation of the readings for the survey. In this manner,
the relative responses of each instrument can be compared. Table
shows the signal/noise ratio of each anomaly using the three techniques.

The EM and magnetometer both responded to all five of the waste
areas (anomalies A to E). Additionally, the EM responded to four more
subsurface features (a buried tin building, shale escarpment, a buried
copper pipe and tree roots) and the magnetometer to one more sub-
surface feature (a buried tin building) and one cultural feature (the
building).

‘The magnetometer had an average signal-to-noise ratio of nearly four
in the waste areas (anomalies A to E), compared to approximately three
for the EM. This suggests that the magnetometer may have been slightly



Table 1.
Anomalies Defined

. Does Response Meet
Maximum Instrument Response EM - Difference Statistical Criteria? EM
Anom.aly Above Background N-S less E-W EM (10 mmhos/m in North, MAG Difference Physical Description
Location! EM (milliMhos/m) ~ Mag (gamma)  _Orientation_ 4 mmhos/m jn South)? (150 gammas) >3.3 mmhog/m  Based on Excavation Work®

A 28 250 28 Yes Yes Yes Waste pit: 12'x 50', 6' depth,

2' below surface containing two drums.

B 40 900 4 Yes Yes Yes Waste pit: 15'x 25", 7' depth
2' below surface, no drums.

C 23 500 12 Yes Yes Yes Waste pit: 50' x 60", 3' - 5* depth,

1' below surface, some drum pieces.

D 37 700 14 Yes Yes Yes Two waste pits: 20' x 60" and
30' x40, 3' - 5' depth, more scrap
metal, eastern pit: 25 drums, scrap
copper wire and 5-gallon cans.

E 11 400 8 Yes Yes Yes Waste pit: numerous pits 5'- 10’
diameter, 4' depth, 1' below surface,
some drums, numerous 5-gallon cans.

F 13 200 8 Yes Yes Yes Tin battery remains: 7' x 15', 4' depth,
2' below surface, sheets of tin, lumber,
nails, concrete; no waste.

G 15 0 0 Yes No No Geologic feature: bedrock; slopes to
the South.

H 12 0 0 Yes No No Tree Root Zone: Aerial photo shows
wooded zone between disposal area and
farm field. 4'depth, 2' below surface.

1 0 900 0 No Yes No Man-made feature: building 50' east of
survey area.

J 0 0 4 No No Yes Concrete slab: 3'x 5'x 6", 2' below
surface, contained 1/2" copper pipe;
used as a ground in prior field office.

K 0 0 4 No No Yes Surface material:no subsurfacefeaturefound.

1 Location as shown on Figures 10, 11, and 12.
2 Statistical Criterion: > 1 standard deviation response.
3 Waste pits contained an assortment of waste, including ash, paint sludge, miscellaneous scrap metal, and occasionally partially intact 55-gallon drums.

FERROMAGNETIC
(MAGNETOMETER)

Table 2
Relative Response to Anomalies

Relative Response!

Anomaly M EM-DIE __MA

A 2.9 7.8 1.7

B 42 1.1 6.1

C 2.4 3.3 3.4

D 39 39 4.7

CONDUCTIVE HETEROGENEOUS E 1.2 22 2.7
?gf)NGE (EM DIFFERENCE) E 3.9 22 13
G 1.0 0.0 0.0

H 1.0 0.0 0.0

I 0.0 0.0 1.1

J 0.0 1.1 0.0

K 0.0 1.1 0.0

ZZ1 - BURIED WASTE FOUND

Fig. 12
Property of the Geological Anomalies 1
! Relative Response is the maximum instrument response divided by the stan
Comparing the Response of the Instruments Analogous (o a signal-to-noise ratio. Y the standard deviation of the data.
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more responsive to the waste than the EM.

The magnetometer is much more sensitive to cultural features such
as buildings. Although the authors later accounted for the response due
to the building, other less intense anomalous features near the building
would have been difficult to distinguish from the building anomaly,
making the analysis more complex. The EM, on the other hand, was
not affected by the building and at 50 ft from the building did not show
a measurable instrument response.

CONCLUSIONS

The hazardous waste disposal practices used at this manufacturing
facility are most likely similar to many of those that can be found at
hundreds of other small- to medium-size manufacturing facilities that
were operating prior to the enactment of RCRA. It is likely that the
majority of these small waste sites will have to be dealt with in the
future. As with this site, there usually is very limited information avail-
able. The surface geophysical techniques discussed in this paper can
very effectively locate and delineate suspected waste disposal sites. The
information presented here should provide valuable help to others faced
with similar problems relative to the effective use and interpretation
of the surface geophysical data at a hazardous waste site.

The use of multiple geophysical techniques is much more diagnostic
than the use of only one instrument. By using two techniques, different
properties of a buried material are being tested. The presence of a posi-
tive response for both properties, conductivity and ferromagnetism, con-
sistently detected the buried waste and yielded a false positive less
frequently.
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Each individual technique was “fooled” due to geologic or man-made
features. When two out of three techniques responded positively, buried
waste was found.

Considering all the information derived from the geophysical survey,
the EM-3] proved to be a more versatile investigative tool. It identi-
fied all the waste pits and provided information about the subsurface,
the location of a buried bedrock escarpment and the extensive root zone,
which was valuable to the hazardous waste site investigation.
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liquid (preferably fresh water) must cover the liner. Filling the
impoundment to the operating depth with fresh water is recom-
mended to hydrostatically load the liner prior to the leak location
survey. Testing the liner after hydrostatically loading it is a valid
method to determine if the liner will perform satisfactorily undgr
the intended operating conditions. The water is then lowered in
stages as the side slopes of the impoundment are electrically
tested. After the water has been lowered to 30 in. in depth, the
bottom floor area is surveyed.

In surveying a double liner impoundment, provisions must be
made to ensure that the material between the geomembrane lin-
ers provides electrical conduction to a return electrode placed in
the leak collection zone. The test is best accomplished by flood-
ing the leak collection zone with fresh water. To provide electrical
contact to the leak collection zone, a stainless steel return elec-
trode with connecting wire is placed in the zone prior to the in-
stallation of the primary liner. The return electrode also can be
temporarily placed in the leak collection drain pipe if access is
available. In both cases, the return electrode must be covered with
water.

Air vents should be provided along the perimeter edges of the
primary liner near the top of the berm to vent air trapped be-
tween the liners. This procedure will help prevent damage to the
liner caused by trapped air floating the liner during flooding of
the leak collection system. Impoundments that use sand as the
material in the drainage layer usually do not require water flood-
ing of the leak collection zone. This is because the sand contains
sufficient residual moisture to allow electrical current flow in the
sand drainage layer. However, a permanent stainless steel elec-
trode placed in the sand drainage layer prior to the placement of
the primary liner will greatly facilitate electrical leak location
surveys.

Electrical conduction paths, other than leaks, such as steel pip-
ing, piers, fasteners and battens must be electrically isolated for
best leak location results. Certain preparations such as rubber
packers in inlet and discharge pipes will prepare most gecomem-
brane lined impoundments for a successful leak location survey.
The electrical leak location survey method can be most effective-
ly and economically applied if the impoundment or landfill is de-
signed such that electrical conduction paths between the liquid in
the impoundment and the earth ground are eliminated or can be
electrically insulated.

SURVEYS OF SOIL-COVERED GEOMEMBRANES

A protective s0il cover often is placed over the primary geo-
membrane liner of landfills to protect the liner from mechanical
damage when placing the waste material in the landfill. In addi-
tion, a sand drainage layer often is used as the drainage medium
in the leak detector zone of double liner installations. However,
during the placement of the protective soil cover or the sand
drainage layer, the liner can be damaged by the equipment used
to place the soil cover, tools used to spread the material, sharp

rocks in the soil orclar a variety of other mechanical mechanisms.
Often the mechanical damage to the liner is undetected and cov-

ered by the placing of the protective soil cover. The electrical leak
location survey technique has been successfully adapted to locate
leaks in geomembranes covered with up to 2 ft of a protective soil
cover or sand drainage layer. Leaks were located and later veri-
fied beneath protective soil cover, sand drainage layers and thin
sediment layers at several sites surveyed.
A protective s0il cover or sludge cover over a gcomembrane
can decrease the effectiveness of a leak survey in three ways:
(1) The strength of the signal received may be reduced because
of inhomogeneities in the s0il cover or sand drainage layer
(2) The ability of the electrodes to detect leak signals is decreased
because of the dissimilarity of the soil and water medium
contacting the electrode, resulting in undesirable transient
signals caused by polarization of the electrodes
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(3) The scanning probe cannot be scanned close to the geomem-
brane liner

The first condition is solved by systematically conducting the
survey on an established survey grid and recording the current
signature every 24 in. The acquired data are analyzed in the field
and a plot of anomalies is produced which allows for a resolu-
tion of the leak locations. The dissimilarity or polarization prob-
lem is overcome by using specially designed electrodes to elim-
inate electrode polarization.

TYPES OF FACILITIES AND MATERIALS SURVEYED
Facility Types Surveyed

The electrical leak location survey method was used to survey
geomembrane lined facilities ranging in size from 970 to 584,800
ft2. The facilities tested include:

Primary and secondary liners at landfills

Concrete vaults for solid waste storage

Wastewater storage ponds for sewage treatment facilities
Above ground steel tanks for storage of hazardous materials
Brine storage impoundments

Descaling ponds for natural gas transmission companies
Cooling water ponds

Materials Surveyed

Approximately 92% of all materials by area surveyed were high
density polyethylene (HDPE). At installations lined with HDPE,
the predominant material thickness was 60 mil. The remainder of
the HDPE material had a thickness of 80 or 100 mils. The other
liner materials were polyvinyl chloride (PVC), oil-resistant poly-
vinyl chloride (XR-$5) and oil-resistant chlorosulfonated poly-
ethylene (OR-CSPE). Generally, the seams at a given facility had
been inspected using conventional inspection techniques such as
visual inspection, air-lance, spark testing or vacuum box prior to
the electrical leak location survey. After the electrical leak loca-
tion survey was completed, the presence of the leaks detected and
located by the electrical method was verified at several of the
facilities using the vacuum box technique.

DISCUSSION OF LEAKS DETECTED AND LOCATED
Leak Statistics

Sixty-one sites with an approximate total area of 4,368,785 fi2
of liner material have been commercially surveyed. Tables 1, 2
and 3 present a summary of all the commercial leak surveys con-
ducted to date using the electrical method developed at Southwest
Research Institute. A total of 1409 leaks were located at the 61
sites surveyed which equates to an average of 3.2 leaks/ 10,000 ft2
of liner material inspected.

Figures 3 through 7 are plots of the data as a function of the
area surveyed and the leak location on seams or sheet, total num-
ber of leaks or area ratio of the leaks located. Figure 7 is a plot of
the number of sites surveyed vs. the area ratio of the leaks located
which indicates that there may be between 0.3 and 0.5 leaks/
10,000 {12 of geomembrane liner.

Leaks on Side Slopes

The side slopes were surveyed at approximately 25% of the
liners surveyed. The majority of leaks on the side slopes occurred
on the seams. At the facilities where the side slopes were tested,
leaks on the side slopes comprised approximately 20% of the total
leaks located.

Leaks in the Bottom of the Liner

Leaks on the bottom of liquid impoundments were found in
the parent material, field seams and factory seams. Eighty-seven



Table 1

Leak Detection and Location Survey Data for Inpoundment Where the
Bottom Floor Area was Surveyed.

LEAKS PER
SURVEY SIZE TOTAL LEAKS LOCATED IN 10,000
NO. 5Q. FEET LEAKS  BOTTOM  SEAM SHEET  SQ. FEET
1 958 2 2 2 0 20.9
2 958 3 3 3 0 31.3
3 958 3 3 3 0 31.3
4 1,000 4 4 3 1 40.0
5 1,798 0 0 0 0 0.0
6 2,625 6 6 6 0 22.9
7 3,000 21 21 21 0 70.0
8 3,000 4 4 4 0 13.3
9 3,200 0 0 0 0 0.0
10 4,951 0 0 0 0 0.0
| 11 4,951 17 17 17 0 34.3
12 4,951 2 2 2 0 4.0
13 5,175 2 2 1 1 3.9
14 7,007 4 4 4 0 5.7
15 12,600 7 7 7 0 5.6
16 18,346 50 50 35 15 27.3
17 26,016 7 7 7 0 2.7
18 26,016 4 4 4 0 1.5
19 27,297 8 8 6 2 2.9
20 32,292 25 25 25 0 7.7
21 43,560 2 2 2 0 0.5
22 45,345 4 4 4 0 0.9
23 50,000 6 6 6 0 1.2
2 50,400 193 193 188 5 38.3
25 54,500 29 29 18 11 5.3
26 55,025 12 12 12 0 2.2
27 58,900 8 8 6 2 1.4
28 62,500 21 21 19 2 3.4
| 29 64,583 29 29 21 8 4.5
[ 30 65,340 56 56 55 1 8.6
31 65,369 6 6 6 0 0.9
' 32 65,369 7 7 5 2 1.1
i 33 65,369 5 5 3 2 0.8
34 65,500 7 7 5 2 1.1
' 35 65, 500 5 5 3 2 0.8
| 36 74,088 20 20 19 1 2.7
| 37 82,500 18 18 15 3 2.2
38 87,120 8 8 7 1 0.9
\ 39 87,120 17 17 17 0 2.0
. 40 99,050 18 18 14 4 1.8
41 135,036 17 17 16 1 1.3
i 42 150,781 64 64 46 18 4.2
| 43 152,460 2 2 2 0 0.1
| 44 152,460 7 7 7 0 0.5
45 157,584 12 12 10 2 0.8
46 164,085 18 18 16 2 1.1
47 362,690 s1 51 37 14 1.4
TOTALS 2,769,336 811 811 709 102 2.9
Table 2
Leak Detection Data for Impoundment with the Side Slopes and
‘ Bottom Floor Area Surveyed.
: - LEAKS PER
| SURVEY SIZE TOTAL LEAKS LOCATED IN SIDE 10,000
NO. SQ. FEET LEAKS BOTTOM SEAM SHEET SLOPE  SQ. FEET
1 9,620 16 12 14 2 4 16.6
2 12,540 16 12 12 4 4 12.8
3 24,000 40 33 33 7 7 16.7
4 24,272 47 31 46 1 16 19.4
5 25,000 22 10 15 7 12 8.8
6 25,000 15 7 10 5 8 6.0
7 35,291 42 31 33 9 11 11.9
8 42,022 14 7 12 2 7 3.3
9 50,000 4 4 3 1 ] 0.8
10 51,000 20 13 19 1 7 3.9
11 62,500 50 26 44 6 24 8.0
12 130,680 192 183 183 9 9 14.7
13 522,720 41 31 31 10 10 0.8
14 584,804 79 54 61 18 25 1.4
TOTALS 1,599,449 598 454 516 82 144 3.7
Table 3
Survey Data for Al Impoundments Inspected.
LEAKS PER
TOTAL LEAKS LOCATED IN SIDE 10,000
SITES TOTAL AREA LEAKS BOTTOM SEAM SHEET SLOPE SQ. FEET
BOTTOM AREA ONLY 47 2,769,336 811 811 709 102 N/A 2.9
BOTTOM AND SIDE AREA 14 1,599,449 598 454 516 * 82 144 3.7
TOTAL 61 4,368,785 1,409 1,265 1,225 184 144 6.7
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ABSTRACT

The Field Analytical Screening Project (FASP) for the U.S. EPA
preremedial program requires rapid and chemically specific analyses
of samples for hazardous substances. The preremedial U.S. EPA Region
2 FASP program is also an interactive program that requires the field
project manager and the FASP analytical manager to make field deci-
sions on the data generated in the screening process.

For soil organic analyses, the U.S. EPA’s Contract Laboratory Pro-
gram (CLP) requires extensive wet chemical extraction and cleanup
before mass spectral analysis. These time-consuming methods can only
be done effectively in conventional fixed-base laboratories. Therefore,
samples from a preremedial site investigation are transported to CLP
labs for extraction and analysis. This procedure can cause delays of
weeks or even months between sample collection and return of the
results. This delay hinders efficient site evaluation efforts and can result
in repetition of work. The development of analyte-specific alternative
methods for use by the FASP program can complement the CLP program
while decreasing the sample turn-around time.

In an effort to obtain fast organic results to guide screening and cleanup
work, in-field portable gas chromatographs (GCs) have been utilized.
Unfortunately, the low specificity of these instruments and the broad
gap between in-field protocols and CLP methods can lead to poor coore-
lation with CLP results. Laboratory tests done in the last few years
indicate that a new technique known as thermal extraction/gas chro-
matography (TC) can give results comparable to conventional wet chemi-
cal extraction of soils. TC is fast and since no sample preparation is
necessary, it can speed up considerably the time from sample receipt
to analytical data.

Coupling the TC to a mass spectrometer (MS) leads to a new era
for organic analysis. Analytical equipment with excellent data systems
and small, rugged thermal extractors and mass spectrometers have been
improved and downsized to the extent that they are easily transporta-

ble. In light of these developments, transportable equipment of this
nature has been added to the FASP organic protocols in U.S. EPA
Region 2. This paper reports the results of a site investigation using
a transportable TC/MS system for the FASP organics investigation.

INTRODUCTION

The preremedial program of the U.S. EPA involves the investigation
of suspected hazardous waste sites for inclusion on the NPL. The
investigation includes a preliminary assessment (PA), a screening site
inspection (SSI) and a listing site inspection (LSI). These investiga-
tions assess the relative threat associated with actual and/or potential
releases of hazardous substances from the site’s soil, surface water,
groundwater or air. At the end of the investigation phase, the site is
ranked by using the Hazard Ranking System (HRS) model®, which
evaluates and assigns a numerical score to each potential pathway of
exposure. This numerical score depends to a great extent on the evalua-
tion of the analytical data from the investigations of the contamination
of the existing air, soil, groundwater, and surface water from the site.

In U.S. EPA Region 2, NUS Corporation, the Field Investigation Team
(FIT) contractor for the U.S. EPA, introduced an interactive Field Ana-
Iytical Screening Project (FASP) program for the LSI preremedial stage
of the investigation. The FASP program provides the field project
manager with on-site unambiguous analytical data of high quality in
a timely manner and complements the existing fixed-base Contract
Laboratory Program (CLP) by prioritizing and screening the samples
sent for analysis.

Since the biggest advantage of on-site analysis is the ablity to pro-
vide the project manager with immediate results, the U.S. EPA Region
2 FASP program performs analysis for target chemicals only, rather
than general unknowns. It also utilizes methods and instrumentation
that require minimal sample preparation and provides unambiguous
high-quality data. Small portable nonspecific instrumentation is not used
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in the U.S. EPA Region 2 FASP program because the lack of analyte
specificity coupled with the lack of continuing quality assurance can-
not provide data of sufficient quality for scoring purposes. The FASP
program instituted by U.S. EPA Region 2 FIT utilizes open-path
FTIR/UV remote sensing techniques for air investigations’***,
secondary target X-Ray Fluoresence® (XRF) for soil inorganic analy-
sis investigations, and thermal extraction/gas chromatography/mass spec-
trometry (TC/MS)™ for soil semi-volatile organic investigations.

The TC/MS was chosen for the U.S. EPA Region 2 FASP program
because it requires no sample preparation and produces unambiguous
data in a limited amount of time. Thermal extraction is a relatively new
technique which is very simple in principle. Basically, a sample is placed
in a sealed chamber where it is heated, with the resulting gases being
passed through to a detector (in this case a mass spectrometer) for iden-
tification and quantification. Recent instrument advances have seen the
development of thermal extraction systems with flow-through extrac-
tion cells and fused quartz systems. Fused quartz systems allow for quick
heating and cooling of the instrument with no loss of instrument in-
tegrity. Mass spectrometers have also undergone a revolution in pumping
capacities, total glass systems and software simplification that has moved
MS out of the specialty laboratory to the routine analytical services.
These advances made TC/MS even more applicable to the U.S. EPA
Region 2 FASP preremedial program.

This paper discusses the utilization of a thermal chromatograph/mass
spectrometer (TC/MS) for the interactive FASP soil semi-volatile
organics program at a site in U.S. EPA Region 2. CLP analyses of sam-
ples from previous sites allowed for the selection of four target semi-
volatile organic compounds. Based upon these determinations, a mass
spectral library with corresponding gas chromatographic retention times
was established prior to site arrival. The equipment is set up in a trans-
portable mode; i.e., the equipment is not mounted permanently in a
vehicle but is cart-mounted and is moved into a vehicle prior to travel.
The vehicles used to transport the analytical equipment are standard
vans equipped with generators and air conditioning. Processing of
samples can be started within 1 hr of site arrival.

SYSTEM DESCRIPTION

The U.S. EPA’s Region 2 FASP program’s transportable TC/MS con-
sists of a Ruska thermal extractor and gas chromatograph coupled to
a Finnigan INCOS 50 mass spectrometer. The TC/MS system (Fig.
1) is permanently mounted on two specifically designed and constructed
carts, which enable the system to be easily loaded onto the vehicle.
Each cart consists of a shock-mounted table on an aluminum frame
with heavy-duty wheels for ease of maneuverability. One cart carries
the TC/MS and the other cart is used for the computer systems neces-
sary for control of the instruments. The carts can be loaded onto or
off the vehicle in less than | hr to allow the fiexibility of use either
in the field or in a fixed-base application.

RUBKA THERMAL
CHROMATOORAPH

FINNIOAN MAT
INCOS 60 MASS
BPECTROMETER

DATA §YSTRMS

=%
| S—
° I
-
pumMP \Powu
CONDITIONER

Figure 1
Region 2 TC/MS Organic Soil Analyzer
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The vehicle used to transport and house the TC/MS system for field
analysis is a Chevrolet UtilMaster stepvan. Vehicle modifications
include: a liftgate on the rear for ease of loading and unloading; two
6,500-W undercarriage generators to provide electrical power; two air
conditioners and heaters to provide a stable environment; a ceiling vent;
cabinetry and shelving for storage of necessary equipment; and a bench
top for work space. A portable hood can also be used in the vehicle
for samples, standards and solvents. The vehicle has two separate ejec-
trical systems: one generator provides both 220V and 110V power for
the instruments; the other generator provides 110V power for the air
conditioners, heaters, lights and additional outlets. The quality of the
power supplied to the instruments is ensured by the use power condi-
tioner transformers that eliminate voltage fluctuations, sags, surges and
transients. Figure 2 presents an illustration of the TC/MS system in-
stalled in the vehicle for field analysis.

The thermal chromatograph consists of a fused quartz thermal
extractor coupled with a capillary column gas chromatograph. The ther-
mal extractor uses temperature programmed heating, cooling and
isothermal methods to thermally extract a sample. The thermally ex-
tracted organic compounds are then further separated in the integrated
capillary gas chromatograph system prior to mass spectrometric identi-
fication. The TC system (Fig. 3) consists of four controlled thermal
zones in a vertical stack: the pyrocell, the trap, the splitter and the
column. Three of these zones, the pyrocell, trap or column, can be
controlled via linear temperature programming (LTP), held isothermally
or cooled with liquid CO,. The fourth zone, the splitter, can only be
controlled isothermally. The pyrocell is the portion of the therrnal chro-
matograph where thermal extraction takes place and can be programmed
for temperatures from 0° to 625°C.

The trap can be operated from -70° to 625°C, but for our applica-
tions it is used not as a trap but rather as a hot, pass-through zone.
The splitter is also maintained at a high temperature, the maximum
being 350°C, to ensure column flow. The temperature of the column
thermal zone can range from -60° to 400°C, depending on the upper
limit of the stationary phase of the column being used.

The sample is placed in a porous fused quartz cup which is inserted
into the pyrocell where it is heated while helium flows through the
pyrocell. In the splitter zone, a portion of the sample is passed onio
the column while the remainder is vented into a carbon filter and
released outside the instrument. The column is initially maintained at
a cryogenic temperature to trap the sample on the head of the column.
The column is then heated via LTP for further separation prior to iden-
tification in the mass spectmmeter

The column is inserted into the Finnigan INCOS 50 mass spectro-
meter (Fig. 4) through a heated transfer line into an evacuated analyser
assembly. The Finnigan uses a quadrupole positive ion mass analyser
with a corresponding vacuum system consisting of a high-speed 170-LJs
turbomolecular pump, rotary vacuum forepump and a glass vacuum
manifold. The extra capacity pumps are required to enable the system
to pump down and be ready for analyses in less than an hour.
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EXPERIMENTAL

This section of our paper discusses the project design, project- and
instrument-specific quality assurance/quality control (QA/QC), sample
collection and preparation, and instrument operating conditions for the
TC/MS semi-volatile organic FASP analysis.

Project Design

The FASP semi-volatile organic analysis concentrates on target com-
pound analyses. Following the SSI, the CLP data were reviewed by
the FASP manager, project manager and U.S. EPA project manager to
select target chemicals for field analysis. These chemicals, usually four
to six in number, are selected based on their toxicity, abundance and
instrument detection limitations. Chemicals on the Target Compound
List (TCL) are selected first because more information about their analy-
sis is known and confirmation of positive results is easily obtained.
As a general rule, tentatively identified compounds (TICs) are not
selected as target chemicals unless a high priority is placed on their
toxicity. For the site in this study, the target chemicals selected include
diphenylamine, mercaptobenzothiazole, benzothiazole and aniline. The
final selection of these chemicals was based on their toxicity and abun-
dance, even though three of the four target chemicals are TICs.

The initial SSI found high quantities of the target analytes in subsur-
face soil and waste samples. Surface soil samples from the site were
then collected and analyzed by CLP laboratories to determine the ex-
tent and degree of contamination. These samples and others, assumed
to be of high concentration, were also analysed with the U.S. EPA Region
2 FASP TC/MS. A majority of the samples analysed contained no
detectable levels of the target chemicals, although the non-CLP samples
did produce some positive hits. None of the CLP samples were found
to be positive for target chemicals by CLP or FASP TC/MS analyses.
The TC/MS was then transported to the site, which is located within
U.S. EPA Region 2, to help determine whether there were measurable
quantities of the target chemicals in the dust from the homes at the
site. Due to the emergency nature of the program at this site, a deci-
sion was made to analyze samples around the clock, thereby enabling
the analytical results obtained from the TC/MS to match the collection
teamn’s sampling efforts.

Standards and Reagents

The target compouds, diphenylamine, mercaptobenzothiazole, ben-
zothiazole and aniline, were purchased as pure reagents from Aldrich
Chemical Co., and 200 ug/mL stock solutions were prepared with
HPLC-grade methylene chloride. A mix of the stock solutions was then
prepared, and a standard quanitation curve was developed to determine
detection limits for these target analytes. The detection limits were found
to be as follows: aniline-10 mg/L, diphenylamine-0.1 mg/L,
benzothiazole-0.1 mg/L, and mercaptobenzothiazole-2.0 mg/L.

An internal standard, base neutral (B/N) mix was prepared from the
Supelpreme standard consisting of 1,4-dichlorobenzene-d,,
acenaphthene-d ,, chrysene-d,, naphthalene-d;, perylene-d,, and
phenanthrene-d .

INSTRUMENT AND PROJECT QA/QC

The QA/QC applied to this project was derived from the QA/QC
requirements for CLP analysis of semi-volatiles. The mass spectrome-
ter was tuned manually using FC43, adjusting the parameters for proper
peak shape and ion ratios. DFTPP was then analyzed and the CLP
abundance criteria achieved. The internal standard mix was added to
every sample, and it was found that the area counts and retention time
variability were within that required by the CLP Statement of Work
(SOW). Duplicate analyses were performed every 10 samples to ensure
result integrity, and blanks were analysed every 12 hrs to confirm system
cleanliness. Calibration response and minimum detection limits were
established for the target analytes and retention times determined to
provide a clear indication of compound presence. The instruments were
cleaned and reconditioned as deemed necessary by the performance
of the QA/QC samples (duplicates and blanks).

A comprehensive FASP quality assurance program has been institued
for U.S. EPA Region 2 FIT that ensures the integrity and validity of
all aspects of the TC/MS and the generated data. The minimum
requirements include a full standard operating procedure (SOP), main-
tenance plan, written documentation for all activities and an initial and
ongoing monitoring program that demonstrates the consistency of the
generated data. A minimum of 20% of all samples are normally spent
for CLP confirmatory analysis. Due to the low sample volume at this
site, a decision was made not to utilize CLP verification QA/QC.

Data reduction, validation and reporting procedures are performed
by trained personnel after a full review by the FASP manager.

12?

SAMPLE COLLECTION AND PREPARATION

Soil samples were collected from the site using sampling techniques
as required by work plan and QA procedures. The sampling technique
chosen for the house dust was to collect dust samples obtained by
sweeping the kitchen areas of the homes. No further homogenization
was performed on the samples prior to analysis. For the house dust
samples, the analysis was performed on the actual dust portions of the
sweep samples. A portion of each sample was placed in the porous fused
quartz sample cup and weighed on an analytical balance; sample quan-
tities ranged from 20 to 140 mg, depending on sample type (soil or
dust) and density-the cup was filled with a loosely packed sample. Five
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uL of the base/neutral internal standard mix at a concentration of
200 ug/mL were added to the top of each sample before capping with
a porous fused quartz cap.

INSTRUMENT OPERATIONAL CONDITIONS

The capped sample, with internal standard added, was placed in the
pyrocell of the TC for heating and analysis. TC/MS operating condi-
tions were as follows:

Throughout the analysis the trap was maintained at 360°C while the
splitter was held to 310°C. The pyrocell was heated from 30 to 260°C
at a rate of 34°/min while the column was held at 5°C. At the end of
the pyrocell LTP cycle, the column was heated from 5 to 285°C at
15°/min. Helium flow through the pyrocell was 30cc/min, but because
of a 30:1 split performed on the extracted sample, helium flow through
the column into the mass spectometer was lcc/min. The capillary column
(HP-5 12M x 0.2 MM ID with 0.33-m film thickness) was run through

44  MONITORING & SAMPLING

Figure 4
Finnigan MAT INCOS 50 Mass Spectrometer

a transfer line at 280°C to the mass spectrometer with an ion source
temperature of 180°C. The total analysis time, including sample heating.
was 37 mins. Figure S illustrates the temperature plots for a typical run.

Results and Discussion

This site presented a considerable analytical challenge in the selec-
tion of target compounds due to the limitations and requirements of
the samples used. In the initial CLP analyses. the TCL compound de-
tected was n-nitrosodiphenylamine with a large number of tentively iden-
tified compounds (TICs). TC/MS analysis of spike soil samples showed
that only diphenylamine could be detected within the protocols deve-
loped. Current CLP SOW indicates, however, that the n-
nitrosodiphenylamine cannot be distinguished from diphenylamine.
Diphenylamine was selected as one of the target analytes for this FASP
program based on the assumption that negative results were expected
and that if the sample did not contain diphenylamine, then n-
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CONCLUSION

nitrosodiphenylamine would not be present. Two target analytes, benzo-
thiazole and mercaptobenzothiazole, both sulfur-containing TICs, were
selected based on their prevalence in certain site areas and their toxici-
ty. The fourth target analyte, aniline, was selected based on its toxicity.

Figure 6 shows the reconstructed ion chromatogram (RIC) of soil
with base/neutral internal standard mix. Figure 7 shows the RIC of a
household dust sample. The dust samples exhibited a large number of
peaks, most of which were fatty acids, hydrocarbons and other normal
household contaminants as determined by library spectral identifica-
tion. The large quantities of organic material in these dust samples neces-
sitated a change in the experimental design. Whereas in the original
design the plan was to analyze ten samples, a random duplicate and
a blank, blank analysis was required after three samples just to con-
firm that the system was clean.

Figure 8 illustrates positive household dust analysis. Figure 9 presents
the RIC chromatogram from 800 to 900 scan numbers showing the
region where benzothiazole is found; the upper portion of the chro-
matogram indicates which peaks have mass 135 (benzothiazole) as a
base peak. Figure 10 shows the mass spectrum of the peak at scan 841,
and Figures 11 and 12 show the library matches confirming the presence
of benzothiazole.

Duplicate analyses were performed on all positive samples to con-
firm the presence of target analytes. The results of all the original positive
samples wer confirmed, demonstrating the reliability of the original
procedure. The only target analyte found in the household dust samples
was benzothiazole.
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The U.S. EPA Region 2 preremedial FASP program has been sig-
nificantly enchanced with the additional of the TC/MS system for target
organics analyses in soil. This unique analytical system provided the
field project manager with unambiguous data and rapid turn-around.
This instrumentation was utilized in the transportable mode that needed
only generator power and a constant temperature environment; the sys-
tem was fully operational within 1 hr of site arrival and ran continuously
for 4 days. The quantz inlet system of the Ruska thermal extractor-gas
chromatograph ensured constant temperature control with fast cool-down
capabilities. The Finnigan INCOS 50 mass spectrometer equipped with
a high-speed pump and all-glass vacuum manifold ensured rapid start-
up and very stable operation in the vehicle during the field operations.

By producing mass spectral confirmed data, this interactive FASP
program allowed rapid decisions to be made in the field. In our
experience, the only minor limitations are residue contarnination
problems with the thermal extractor trap, especially after analyses of
high concentrations of organic materials; operator fatigue, especially
on rotating field shifts; and the necessity for a full QA/QC data reduc-
tion system.

DISCLAIMER:

Trade names and company names are used for identification only
and do not imply endorsement by NUS Corporation or the U.S. EPA.
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Performance of GC/MS Analysis Quality Indicators

Bruce Peterson
CH2M HILL
Bellevue, Washington

ABSTRACT

The United States currently spends over a billion dollars a year to
find, characterize and remediate sites contaminated with hazardous
chemicals. The primary method of locating con,!taminated areas is the
collection and chemical analysis of environ,!mental samples. The results
of these analyses are used to make decisions about site remediation
activities that can cost millions of dollars.

The quality of the data used in making these decisions is crucial in
the decision-making process. One measure of the quality of the ana-
lytical data is the precision and ac,curacy of the analytical methods.
Precision is estimated by analyzing replicate samples, while accuracy
is estimated by analyzing matrix spikes.

However, the cost of analyzing environmental samples is high, and
other indirect measures of analytical quality are often used. These in-
direct measures include surrogate spikes and matrix spike/matrix spike
duplicates. The indirect measurements attempt to estimate the accuracy
and precision of analytical methods for target compounds with measures
of accuracy and precision on surrogate compounds.

The Love Canal Habitability Study provided an opportunity to
examine the performance of these surrogate measures of analytical
performance. During the course of this study, two batches of soil were
analyzed repeatedly for the Love Canal indicator chemicals. For these
samples, both direct and indirect measures of analytical performance
are available.

Both direct and indirect measures of data quality are presented here.
The value of current data quality measures of laboratory performance
is discussed, and the future course of data quality measures is explored
in the context of electronic data transfer.

Comparing the two measures of analytical performance allows the
hazardous waste community to evaluate the efficacy of surrogate
measures of data quality. A better understanding of the limitations of
surrogate performance measures allows remediation decisions to be more
defensible.

INTRODUCTION

With the passage of the SARA, the United States embarked on a mulli-
billion dollar effort to clean up toxic chemical contamination of the
environment. This effort involves both the federal Superfund program
and industrial programs outside of the Superfund process.

Efforts to clean up the environment begin with the collection of
samples and the chemical analysis of the samples to identify and quan-
tify levels of contamination. The anlysis of environmental samples has
become a $300 million-a-year business influencing decisions as to
appropriate site remediation. Clearly, the quality of the data used to
make these decisions is of paramount importance.

The purpose of this discussion is to introduce the regulatory com-
munity to one of the most common analytical techniques, used for
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analyzing environmental samples, gas chromatography-mass spectro-
scopy (GC/MS), and the methods used for estimating the precision and
accuracy of this method.

The precision and accuracy of concentration estimates are of par-
ticular concern in a decision framework and are not as straightforward
as might be thought. Four methods are commonly available for esti-
mating the precision and accuracy of GC/MS analyses. Two of these,
blind quality control samples and sample replicates, are external esti-
mators created from samples prepared outside of the laboratory. The
other two, the addition of surrogate compounds to a sample (surrogate
spikes) and the addition of target compounds to selected samples (matrix
spikes), are internal estimators from samples prepared within 2
laboratory.

Ideally, a number of external and internal estimates of precision and
accuracy should be available for each study site to allow a comparison
of each estimator’s performance and a contrast of what the samples
represent. However, because of the high cost of chemical analyses, the
number of samples analyzed from a site is minimized. This limited
number of analyses places greater emphasis on the use of the internal
estimators of precision than on the external estimators; little informs-
tion is available on how the two estimators compare.

The Love Canal Habitability Study, completed in 1988, provided a
unique opportunity to compare the usual GC/MS internal quality
assurance measurements with the results of replicate analyses of soil
samples. Exceptional quality control measures were employed in the
Love Canal study, ranging from providing partici,!pating laboratories
with identical glassware from the same manufacturing lot to developing
analysis protocols with un,usually strict operating constraints. Many
aspects of the chemical analyses were tracked and stored in a data base
for later analysis. This data base of analytical results provides a good
basis for comparing the internal and external estimators of precision
and accuracy.

STUDY BACKGROUND

In the Love Canal study, the concentration levels of eight indicator
chemicals found in neighborhoods near the canal were compared with
concentration levels of these indicator chemicals found in control areas
in Niagara Falls and Buffalo. Although the main purpose of the study
was a statistical comparison of the Love Canal neighborhoods with con-
trol areas, a number of other investigations were undertaken because
of the unique aspects of the study.

One investigation conducted as part of the Love Canal study was 1
collect two samples of soil from two neighborhoods near the canal.
Each sample was homogenized and aliquots of each were sent to each
of two laboratories. These aliquots were analyzed in duplicate at 508
intervals for 65 days over the duration of the sample analysis. This scale
of replicate analysis, unusual in environmental studies, allowed a com-



parison of the four measures of precision and accuracy.

The two external measures of precision and accuracy are obtained
from the analysis of blind quality control samples or sample replicates.
Sample replicates were prepared at Love Canal by extruding soil from
the sampling tool (a hollow tube pushed into the soil), quickly mixing
it by hand and then placing aliquots of the soil into two or more jars
for shipment to the laboratories.

Blind quality control (BQC) samples (samples of soil similar to that
found near the Love Canal) were spiked with known amounts of indi-
cator chemical by a U.S. EPA laboratory. These spiked soil samples
were placed in sample jars for shipment to the laboratories. The iden-
tity of the BQC samples was known to the laboratories, although the
spiking concentrations were not. Each laboratory was responsible for
analyzing BQC samples at a set frequency during the course of the study.

The two internal measures of precision and accuracy consisted of
the analysis of matrix spike samples and the use of surrogate compounds.
Matrix spike samples were created by the laboratory by splitting a sample
into three aliquots. Known quantities of indicator chemicals were added
to two of these aliquots. The third aliquot was analyzed for background
concentrations of the indicator compounds. The spiking concentrations
of indicator chemicals were standards known to the laboratories. All
three samples were analyzed, with the two spiked aliquots becoming
known as the matrix spike and matrix spike duplicate.

A surrogate compound is a chemical that is similar to the target com-
pound yet is not normally found in environmental samples. For the Love
Canal indicator chemicals that were chlorinated compounds, the
surrogates were similar compounds that contained bromine rather than
chlorine. These surrogate compounds were added to all samples before
the start of the extraction process.

The GC/MS analysis of a soil sample for the Love Canal study con-
sisted of several steps. These steps and the quality control measures
associated with them are shown in Figure 1. Analysis consisted of
weighing an aliquot of the sample and adding the surrogate compounds.
The soil was then mixed with other chemicals that removed compounds
not of interest to the study, primarily hydrocarbons. The hydrocarbons
were removed to reduce the interference that these compounds create
in identifying the target indicator compounds. Solvent was added to
the mixture to extract the indicator chemicals and surrogate chemicals
from the soil.

The extract obtained was then stored until GC/MS analysis. Before
analysis, compounds used as standards for quantification were added
to the extract and a small portion of the extract was removed for further
concentration. The concentrated aliquot was injected into the GC/MS.
Data obtained from the GC/MS for Love Canal consisted of chroma-
tograms, which are the time traces of ion detection intensity, for three
ions of each of the target compounds. These chromatograms were used
to identify and quantify the target compounds.

The Love Canal samples typically had concentrations below 10 mg/L.
At this extremely low concentration it was often difficult for compound
identification to pass all quality assurance criteria. It was also very easy
for other compounds to mask or otherwise interfere with the identifi-
cation of the Love Canal indicator compounds. Thus, it was possible
for samples with known concentrations of indicator chemicals, such
as the BQC samples, to be reported as having nondetectable concen-
trations of indicator chemicals.

STUDY RESULTS

Because of the complexity of the GC/MS analytical technique, a
number of factors influence the precision and accuracy of the method.
These include the frequency of cali,bration of the instrument, the labora-
tory performing the measurement and the soil matrix being analyzed.
Further, each of these factors can have a different influence on each
compound being analyzed. Each estimator of either accuracy or
precision reflects the influence of confounding factors differently.

Three of the measures discussed (BQC samples, matrix spikes and
surrogates) can be used to estimate accuracy. Soil samples do not have
a known concentration, so accuracy cannot be calculated for replicate
analyses.

Box plots are one method of comparing the different measures of

QUANTITATIVE QA/QC ACTIVITY

qualities. Notched box plots are a method of presenting and comparing
distributions of values without making assumptions about the form of
the distribution. Figure 2 illustrates the attributes of a box plot. Each
box plot presents six statistics about a distribution in graphical form.
These are:

* The 25th percentile of values, represented by the bottom of the box

* The median or 50th percentile of values, represented by the line within
the box

® The 75th percentile of values, represented by the top of the box

The range of the data value, represented by the lines extending from

the ends of the box

Outlier values, represented by asterisks or circles

Approximate 95% confidence limits for the median represented by

an indentation or notch in the box (If the confidence limits are wider

than the box, the box will be folded at the notch, resulting in a some-

what peculiar figure.)

Distributions of values can be compared across categories by
examining the notches on each box. When notches do not overlap, the
median values are significantly different. When the notches do overlap,
there is no significant difference between the medians.
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Figure 1
Soil Assessment—Indicator Chemicals Schematic
Representation of the Laboratory QA/QC Program

Accuracy commonly is measured by chemists as percent recovery.
This is the estimated concentration of a compound from the analysis,
divided by the concentration calculated to have been added to the sample
as a percent. Figures 3a through 3c show the distribution of recoveries
for each of the eight indicator compounds and three surrogate com-
pounds as notched box plots.
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Distribution of Recoveries for Indicator Compounds

Figure 3a illustrates some of the factors influencing the accuracy of
GC/MS measurements. In this graph, the recovery of dichlorobenzené



is broken out into two factors that may influence the recovery: the labora-
tory doing the analysis and the source of the compound. These two
factors combine to create four categories of recovery estimate.

In Figure 3a there is a significant difference between the two labora-
tories in their ability to recover dichlorobenzene from the matrix spike
samples; Laboratory 2 is better than Laboratory 1. This trend is
consistent for all compounds spiked in the laboratory (i.e., both matrix
spikes and surrogates). However, there is no consistent difference
between the two laboratories for the blind quality control samples spiked
at the U.S. EPA laboratories.

The inconsistency of these results illustrates some of the subtle
problems associated with estimating laboratory performance measure-
ments. There are several plausible explanations as to why such
differences exist. Laboratory 2 could have a different technique for
adding spiking compounds and then extracting them. This method might
differ from that used' by Laboratory 1 and allow Laboratory 2 to retrieve
newly added compounds more effectively.

Another possibility is the difference in exposure time for compounds
added to soil in the laboratory and immediately extracted, and
compounds added to soil at a U.S. EPA laboratory and then stored for
some time before extraction and analysis. Although Figure 3a shows
a more efficient extraction of dichlorobenzene for BQC samples, in
general for the other compounds the BQC samples have smaller recov-
eries than matrix spike samples.

Although the recovery of spiked compounds typically is 50 to 75%,
the recovery observed in any one sample has a broader range. The range
of recoveries observed is one measure of the precision attainable with
the measurement process at a study wide resolution. However, this statis-
tic is not available for the concentrations estimated for replicate samples.
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Figure 4a
Estimates of Precision for Indicator Compounds

Figures 4a through 4c¢ show the distribution of a statistic indicating
the scale of the estimated concentrations. This is the absolute value
of the percent difference between a concentration estimate and its nomi-
nal value. The nominal value for matrix spike samples is the mean
recovery for the two spiked samples. The nominal value for the BQC

samples is the mean recovery of BQC samples for a laboratory. The
nominal value for replicate samples can be either the mean concentra-
tion of replicates or the mean concentration of samples from one area
analyzed at a laboratory. The first estimates short-term precision (within
1 day); the second a longer term precision over the study.
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Estimates of Precision for Indicator Compounds

MONITORING & SAMPLING

53



Figures 4a through 4c show each of these four estimates of precision
for both laboratories. Samples labeled *“MSD” are the matrix spike
samples; those labeled “BQC” are the blind quality control samples;
those labeled “REPS" are the replicate samples compared to replicate
means; and those labeled *“NBR” are The replicate samples compared
to neighborhood means.

In general, the NBR and BQC estimates appear to be more variable
than the other estimators. This is not surprising, as the baseline for
both measures, the mean value over neighborhood for the entire study,
is much broader than the other measures.

Typically the reproducibility of measurements is from 10 to 20% for
most compounds and measures. However, this can vary from compound
to compound depending on the measure used.

Of the four measures of precision and accuracy, only one, the
surrogate recoveries, is available for individual samples. A natural ques-
tion is whether this measure is of sufficient quality to allow concentra-
tion estimates for a sample to be recovery corrected. In other words,
can the surrogate recoveries be used as an estimate of bias to correct
the indicator chemical concentration estimates?
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Comparison Sample Versus Surrogate Precision,
Replicate Sample
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One problem with using surrogate compounds to correct for analyti-
cal bias is that there is no predefined correspondence between a par-
ticular surrogate and an indicator compound. The surrogates were
chosen to span the range of elution times for indicator compounds
through the gas chromatograph. Figures 5a and 5b show scatter plots
of each indicator compound precision against the surrogate compounds
precision. Figure 5a shows the precision calculated on the basis of repli-
cate samples extracted on the same data. Precision in Figure 5b is
calculated on the basis of the neighborhood means.

In these scatter diagrams, if surrogate precision and indicator chemj-
cal precision were perfectly correlated, the data points would align along
the diagonal of each plot. A regression line is drawn in each plot to
illustrate the 'actual correlation. As can be scen in the plots, the line
intercepts the indicator variable axis, indicating that target compound
variability is underestimated by surrogate variability. In general, the
regression lines are not parallel with the diagonal, indicating lack of
correlation of the two measures of precision.

Figures 6a and 6b are similar to Figure 4 in showing the absolute
percent difference from nominal values for different estimators. An ad-
ditional pair of estimators has been added to this figure, which shows
the distributiop of absolute percent difference for corrected concentra-
tion estimates as compared with the mean value of the replicate. As
can be seen, the variability shown by the corrected concentration esti-
mates is similar to that seen in the uncorrected estimates. The precision
of the corrected estimates varies by compound from the uncorrected
estimates, with some being improved by the correction and others be-
ing worsened.
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Estimated Precision for Indicator Compounds Compared with
Surrogate Recovery Corrected Precision
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Estimated Precision for Indicator Compounds Compared with

Surrogate Recovery Corrected Precision

CONCLUSIONS

Good estimators of accuracy and precision are required for an analysis of
environmental data as this analysis begins the chain of events that leads to good
decisions. Good estimators are needed for good designs, which enable good
decisions to be made in an uncertain environment. Reliance on internal labora-
tory estimates of precision and accuracy through the use of matrix spike and
surrogate spike data may overestimate the precision and accuracy achieved by
a study. Replicate analyses and the use of high-quality spiked samples prepared
by another laboratory are the best measures of precision and accuracy.

Precision should be based on repeated measurements over the course of a study.
Precision thus reflects the reproducibility of analyses conducted at different times.
This type of comparison is one of the most frequently used in environmental
data analyses. The usual split sample replication does not measure all sources
of data vulnerabilities.

Finally, correcting concentration estimates from a GC/MS procedure such
as surrogate recovery estimates does not appear to improve the precision of the
estimates.
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Understanding Electrical Leak Location Surveys of
Geomembrane Liners and Avoiding Specification Pitfalls

Glenn T. Darilek, P.E.
Daren L. Laine
Southwest Research Institute
San Antonio, Texas

ABSTRACT

The electrical leak location method developed under contract for the
U.S. EPA is now being put to use in many commercial applications,
and several contractors are providing electrical leak location services.
The commercial surveys conducted to date have been overwhelming
successes in that many leaks have been efficiently and accurately located
in installations that had been previously tested certified leak-free
environment conventional methods. The results of these surveys lead
to the speculation that a pre-service electrical leak location survey should
be performed on every geomembrane-lined landfill and impoundment
before the installation is considered complete and ready for use.

The electrical method detects areas of localized electrical current flow
through leaks in the otherwise insulating liner. A voltage source is con-
nected to an electrode in water covering the liner and to a grounded
electrode. Leaks are located by searching for the localized areas of rela-
tively high electrical potential in the water caused by current flowing
through a leak. The electrical leak location method can be used in liquid
impoundments and for a pre-service inspection of solid waste landfills.
The testing method will not damage the liner.

As with any new technology, many people in the environmental
industry want a better understanding of the principles, capabilities and
the proper application of the method. Specifiers of electrical leak
location surveys must have this knowledge to specify the most effec-
tive and economical surveys. The objective of this paper is to provide
important up-to-date information to meet this need.

INTRODUCTION

Geomembrane liners, also known as flexible membrane liners
(FMLs), synthetic liners and membrane liners, are sheets of polymeric
materials fabricated in a factory and seamed together at the field site
to form a continuous liner. Installation can result in punctures or sepa-
rated seams, causing loss of the liner’s physical integrity. Damage also
can be accidentally caused by heavy machinery used to place protec-
tive bedding material on the liner.

An electrical leak location method was developed and tested under
contract for the U.S. EPA. This method has been demonstrated to be
the most sensitive, reliable and valid method for locating leaks in geo-
membrane liners of waste landfills and impoundments. The electrical
leak location method is now being widely applied and several contrac-
tors are providing electrical leak location services. Several technical
references for the electrical leak location method are listed in the
Bibliography.

Results of Leak Location Surveys

Southwest Research Institute has surveyed 56 geomembrane-lined
storage facilities for leaks using the electrical leak location equipment.
The total liner area surveyed was more than 4,4,000000 fi. The sizes
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of these installations ranged from less than 1000 ft* to more than
500,000 ft* and included both double- and single-lined impoundments
and landfills. Almost all of the liners were in new installations. Most
of the liners were constructed of high density polyethylene (HDPE),
but some were chlorosulfonated polyethylene (CSPE) and polyvinyl
chloride (PVC).

Leaks were found at all of the sites except for two sites with small
liners. The average density of leaks was approximately one leak per
3200 fi? 13 leaks per acre. Although most of the leaks occurred in
field seams, a significant number (more than 15%) were found in the
parent material. The high percentage of leaks found in the seams is
partly attributed to the fact that some very small seam leaks are found
when the seams are surveyed a second time with the leak location probe
on the seam.

Typical installations had from four to 12 leaks per acre. Installation
and field seaming probiems were experienced on the liners with greater
than 20 leaks per acre. Several of the liners had more than 50 leaks
per acre,

Because some leak location surveys were initiated in response to a
known Jeakage problem, a significantly higher number of leaks might
be expected for these installations. However, the number of leaks at
the installations with known problems were fewer than installations
where the leak location surveys were performed for construction quality
assurance purposes. The results of these surveys indicate that a pre-
service electrical leak location survey should be performed on every
geomembrane-lined landfill and impoundment.

TECHNICAL DISCUSSION
Theory of Operation

Figure 1 shows the basic electrical leak location method for locating
leaks in a geomembrane liner. The principles of the electrical leak
location method are relatively uncomplicated. A DC voltage is cor-
nected to electrodes placed in electrically conductive material above
and below the liner. The impressed voltage produces a very low current
flow and a relatively uniform electrical potential distribution in the water
above the liner in areas with no leaks. If the liner has a leak, water
flows through the leak and establishes an electrical current path through
the liner. Leaks are located by searching for the localized areas of rela-
tively high electrical potential in the water covering the liner. The
increased current density near the leak is indicated as an anomaly in
the measured potential. The electrical leak location method can be used
in liquid impoundments, as a pre-service inspection of solid waste land-
fills and to locate leaks in the final cover for landfills or impoundments.
This testing method does not damage the liner.

If applied properly, the electrical leak location method is very sensi-
tive. To increase the leak detection reliability to a maximum level, lesk






and small wheels to support the electrodes. The side slope area is
surveyed by systematically lowering the probe down the slope and then
pulling it up the slope.

EFFECT OF MEASUREMENT PARAMETERS

Computer Model

A mathematical model was developed to investigate the performance
capabilities of the electrical leak location method. The model accom-
modates various electrical and dimensional parameters for a lined
impoundment or landfill. Model studies of the electrical leak location
survey technique were conducted to characterize the performance of
the method with various electrical parameters of the waste materials,
the measurement electrode array geometry, the measurement electrode
depths and proximity to the leak and the size and number of leaks.

Anomaly Effects of a Leak

Figure 5 shows a typical family of leak anomaly responses for horizon-
tal detector electrodes that illustrate the effects of various measurement
depths. The two peaks in the signal occur when the two electrodes pass
within closest proximity of the leak. Figure 6 shows the amplitude of
the leak anomaly for three different electrode spacings as the electrodes
are scanned at various depths. A substantial improvement in detection
sensitivity is obtained when the potential array is scanned closer to the
leak. The computed leak responses and field experience affirm the prac-
tical importance of performing the survey measurements near the bottom
of the impoundment.
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Figure 5
Plot of the Leak Anomaly Versus Horizontal Electrode Depth

Figure 7 shows the anomaly response of a leak measured with a
vertical electrode pair. The leak is located at the position indicated by
the maximum response. Multiple leaks can be resolved with less
ambiguity when vertical electrodes are used. Again, the computed leak
responses point out the practical importance of performing survey
measurements near the geomembrane liner.
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Figure 7
Leak Anomaly Characteristic for Vertical Electrodes

Effect of Measurement Electrode Spacing

In general. the amplitude of the measured leak signal increases 8s
the electrode spacing increases. However, the increase is negligible when
the electrode spacing is somewhat larger than the distance to the leak.
This principle can be demonstrated by considering the equation for the
voltage at some distance from the leak. The simplest mathematical mode!
of a leak is to consider that the leak is a point current source in an
infinite half space. If __ is the resistivity of the water, I is the current
and the distances from the leak to the two measurement electrodes,
the measured voltage difference will be:

I, 1 1

“

2r r r



Figure 8 shows the amplitude of the leak signal versus electrode sepa-
ration when the electrode closest to the leak is 0.05, 0.1 and 0.2 meters
with a current of 5 mamp and a water resistivity of 10 ohm-meters.
The graph shows that little is gained by increasing the electrode spacing
beyond approximately 0.3 meters.
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Figure 8
Leak Signal Amplitude Versus Electrode Separation

Effect of Water Resistivity

Figure 9 shows the amplitude of the leak anomaly for different values
of water resistivity and water depth with the electrodes suspended mid-
way in the water. These curves show that for a given amount of leak
current, the leak detectability is increased essentially linearly with the
resistivity of the water. The injected current must be increased to offset
the effect of lower measured leak anomaly attributed to lower resistivity
of the liquid. For constant current injection, the amplitude of the leak
anomaly is essentially independent of the resistivity of the material under
the liner.
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Figure 9
Leak Signal Versus Water Resistivity for
Various Water Depths

In practice, a constant voltage power source is used rather than a
constant current source. Therefore, as the water resistivity is decreased,
more current will flow through the leaks. However, the amount of current

increase does not offset the decrease in signal level.

Effect of Offset Distance from Leak

The maximum allowable spacing between the lateral survey lines
depends on the amount of current flowing through the leak and the sen-
sitivity of the leak location equipment. To illustrate this characteristic,
Figure 10 shows the amplitude of the leak anomaly for various elec-
trode offset distances from the leak center as a function of the survey
height above the liner. The amplitude of the anomaly decays rapidly
as the offset distance is increased. These results indicate the impor-
tance of scanning the electrodes close to every point on the liner to
obtain a high level of leak detection sensitivity.
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Figure 10
Leak Signa! Amplitude Versus Height Above Liner for
Various Lateral Offset Distancés

Leak Location Accuracy

The leak signal is at a maximum when the leak location electrode
is touching the leak. Therefore, leaks are very accurately located by
decreasing the sensitivity of the leak location electronics to a level where
the point of maximum signal can be observed. The location of the leak
can be essentially pinpointed in this way.

Effect of Leak Size

The size of the leak and the conductivity of the water essentially
determine the amount of current flowing through the leak for a given
impressed voltage. Because the leak signal is proportional to the amount
of electrical current flowing through the leak, larger leaks are much
easier to detect the smaller leaks. Experimental measurements of leak
current versus leak diameter for circular leaks show that the amount
of current flowing through the leak is approximately inversely propor-
tional to the diameter of the leak. Other tests have been conducted to
show that the shape of the leak has little effect upon the shape of the
leak signature.

Effect of Liner Resistivity

Because the liner resistivity is many orders of magnitude greater than
the resistivity of the water, the liner resistivity has no effect on the leak
detection sensitivity. Laboratory tests have been conducted to show that
the change in liner resistivity versus time for exposure to typical levels
of acidity, alkalinity and dissolved salt content have negligible effect
on the resistivity of the liner material.

Effect of Sediment Layer

The electrical leak location method is less sensitive for locating leaks
in geomembrane liners with a sediment layer in the liquid. Physical
model tests and field experience indicates the lower sensitivity and that
the measurements are not as repeatable with sediment layers present.
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The lower sensitivity occurs probably because the electrodes cannot
be scanned close to the leak and the liquid shunts the measured poten-
tial field to some degree.

Effect of Soil Cover

Figure 11 is a plot of a measv;ed leak anomaly versus depth of soil
cover for a geomembrane liner when the electrodes are scanned directly
over the leak. The diameter of the leak was 0.3 cm. Although the leak
signal decreases rapidly with increasing soil cover thickness, the leak
anomaly was easily detected for soil depths up to 0.6m. Figure 12 shows
plots of the data with a soil thickness of 0.3m for scan lines offset from
the leak. The leak is barely detectable when the electrodes are scanned
on a line offset 0.6m from the leak. The signal can be improved by
scraping the dry soil off the surface or inserting the electrodes into the
more moist underlying soil. Figure 13 shows the decrease in the
measured noise for these conditions with a soil thickness of 0.6m.
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Leak Signals for Various Thicknesses of Soil Cover

TYPES OF SURVEYS AND SURVEY TECHNIQUE

Survey of Bottom of Water-Covered
Single Liners or Secondary Liners

When a single liner is in place, the leak location power supply is
connected to a source electrode in the water and a grounded electrode.
Surveys are conducted along survey lanes established across the im-
poundment. The most convenient method of operation is to place the
lines across the shorter dimension of the impoundment and perpendic-
ular to a straight side. Survey lines are spaced approximately 5m apart.
Sufficient accuracy usually is obtained using only a tape measure. Marks
are put on the liner above the water line every Sm on the opposite sides
of the impoundment. Floating polyethylene ropes or non-conducting
survey chains are stretched between opposite marks across the impound-
ment. As an alternative procedure, the panel seams can be used as the
survey lanes. Two or three survey operators can scan the length of a
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Improvement in Leak Signal Quality When the Soil is Prepared

panel with overlapping coverage by observing or feeling the seams. 'nlls
alternative procedure is more difficult or impractical to implement with
irregular panel layouts.

Horizontal traverse lines are scanned with a coverage of 2.5m oneﬂ_ﬂl
side of the traverse lines. The probe is scanned along the bottom i



an arc overlapping under the traverse line and past the midpoint of the
survey lane. After each arc is swept, the operator moves forward ap-
proximately 0.3m and scans a return arc to just beyond the traverse
line. The leak detection probe is thus scanned within no more than ap-
proximately 0.15m of every submerged point on the liner. The threshold
control on the leak location electronics is adjusted frequently to main-
tain maximum leak detection sensitivity.

Leaks are indicated by a sudden increase in the frequency of the tone
in the earphone as the electrode is scanned near the leak. When a leak
is detected, the threshold and sensitivity controls are adjusted to obtain
a peak on-scale meter reading both laterally and longitudinally when
the tip of the probe is scanned. This procedure determines the exact
location of the leak. The probe tip is held on the leak while the probe
is swung to vertical. The leak is then marked with lead sinkers con-
nected to a small float with a length of string.

The locations of the leaks also are measured relative to a temporary
survey grid for a permanent record. Where practical, the location and
type of leak also is noted (i.e., on a seam or patch, or in the panel).
In addition to covering every square meter of the liner, all liner field
seams and patches are double checked.

Survey of Bottom of Water-Covered Primary Liners

By placing the current return electrode in electrical contact with the
liquid-saturated drainage layer located between the two liners, the elec-
trical leak location method can be used to locate leaks in the upper
liner. The survey procedures for a single liner are then followed. Simple
electrical continuity tests between the drainage layer and the earth also
can determine the existence of leaks in the bottom liner but not their
location.

Survey of Side Slopes

Surveys of water-covered side slopes are accomplished using the probe
with a long handle and small wheels to support the electrodes. The
side slope area is surveyed by systematically lowering the probe down
the slope and then pulling the probe up the slope. The operator moves
forward approximately 0.3m between sweeps. Each survey sweep covers
an area approximately 0.3m wide down the flooded sidewall. Any leaks
found are accurately located, and the locations are referenced to a tem-
porary survey grid established on the berm.

When more than approximately 7m of the side slope are immersed,
the manual survey of the side slopes is conducted in stages. The water
level is raised or lowered in stages that allow approximately 7m of the
immersed side slope to be surveyed at a time. The surveys should pro-
vide overlapping coverage between the stages.

The side slopes can be surveyed by raising or lowering the water level
in stages either before or after the bottom of the liner is tested. If the
side slopes are tested first, from the top down, the cell will be filled
with water to the working level prior to the leak location survey. This
procedure exposes the liner to loads representative of actual in-service
loading. Usually the level of the water can be lowered faster than it
can be raised, therefore, the survey can be completed with less standby
time as the water level is adjusted.

The advantage of surveying the side slopes after the bottom of the
liner is surveyed is that washout or settling of the subgrade under the
liner caused by possible large leaks in the bottom of the liner might
be avoided if leaks in the bottom are located and repaired prior to full
hydrostatic loading. However, there is no assurance that additional leaks
will not occur because of the increased hydrostatic loading during the
side slope survey. Therefore, additional testing of the bottom of the liner
may be required after the side slopes are surveyed.

Survey of Soil-Covered Liners

Often a layer of sand or soil is placed on the liner to serve as a pro-
tective layer or drainage layer. Geomembrane liner material is also
covered with soil when used for landfill final cover systems. Because
of the high probability of damaging the geomembrane liner in the process
of emplacing the soil, a leak location survey of the soil-covered geo-
membrane is a highly effective method of ensuring the integrity of the

liner. The electrical leak location method is the only method capable
of locating leaks in a geomembrane covered with protective soil. The
method is particularly valid because the liner is tested under load and
after the liner has been exposed to possible damage incurred in the
process of emplacing the protective soil cover.

The electrical leak location method was modified to make surface
soil potential measurements to locate leaks in geomembranes covered
by a protective or cap soil layer. The soil is dampened with water to
allow good electrical contact and allow the water to percolate through
the leaks, Completely flooding the liner is not necessary. Surface poten-
tial measurements are made using a portable digital data acquisition
system. Surveys are conducted by making potential measurements on
closely spaced survey lines. Point-by-point potential readings are made
along the survey lines with a fixed measurement electrode separation.
The data are downloaded to a computer for storage and plotting. When
a suspect area is located, manual measurements are made to further
isolate the leak. When the surface of the soil is dry, the dry soil is scraped
away so that accurate measurements can be made on the uncovered moist
soil.

The data are examined for leak signatures. The characteristic leak
signal is a bipolar signal with the initial signal deflecting opposite to
the polarity of the current injection electrode. Signals caused by other
features such as drainage laterals can be recognized and rejected.

The leak location sensitivity increases as the thickness of the soil
decreases. Typically, leaks with a diameter greater than 0.3cm can be
located in a geomembrane covered with 0.3m of soil. Testing for leaks
with only a portion of the soil cover in place is recommended if the
thickness of the soil cover will be greater than approximately 0.3m.
Any possible damage to the liner will most likely occur during the in-
stallation of the first layer of soil.

The leak location accuracy for surveys conducted with soil cover
depends upon several factors including the closeness of the spacing of
the point-by-point measurements and the homogeneity of the soil cover.
A practical accuracy guideline for leak location surveys with soil cover
is approximately one half of the soil thickness. After the soil has been
removed, followup measurements can be made to locate the leak within
1.5 cm.

The survey parameters (survey line spacing, spacing of measurements
and spacing of measurement electrodes) must be designed for proper
coverage and leak detection sensitivity. The design of the surveys must
be based on the physics of the electrical leak location method.

Another survey methodology can be successful in some cases, par-
ticularly when an electrical leak location was previously conducted with
the liner flooded with water and only a few major leaks are suspected.
Rather than performing a systematic survey on closely spaced survey
lines to locate smaller leaks, the reconnaissance measurements are
intended to attempt to isolate a few large leaks in the hope that no smaller
leaks are present. The measurement sequence is to locate a leak, remove
the soil from over the leak, insulate the leak and then measure the power
supply current. This sequence is repeated until the current level
decreases to a low level indicating that all of the major leaks are found.

Multi-Channel Leak Location Surveys

Southwest Research Institute has developed a multi-channel leak
location system for locating leaks in impoundments with hazardous
wastes, for locating leaks in the side slopes of deep impoundments in
one stage and for surveying in deep water. The system is particularly
cost-effective for large impoundments and landfills. The new system
has 12 weighted electrodes suspended from a nonconducting horizon-
tal axle between two large plastic wheels. Twelve data acquisition chan-
nels, a serial data telemetry system and a portable computer or
multi-channel chart recorder are used to acquire, display and record
the leak location data.

The sensor assembly is systematically pulled across the bottom of
the impoundment using a power winch. Each survey sweep covers an
area approximately 4m wide. If feasible, the sweeps are referenced to
liner seams to provide overlapping coverage of the seams as well as
complete coverage of the water-covered liner panels. The locations of
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the leaks are referenced to a temporary grid system established on the
berm of the impoundment.

The leak location data acquisition system has been applied at one
large impoundment to survey the 18-m-long side slopes. The sensor
and electronics subsystems operated properly and located several leaks.
Mechanical modifications are needed to make the assembly more
rugged.

Remote-Controlled Leak Location Survey System

A small remotely-controlled boat equipped with potential measure-
ment electrodes and electronics, servo-controtled steering and data
telemetry has been developed to locate leaks in hazardous waste im-
poundments. In one mode, the measured potentials are used with the
servo-controlled steering to automatically seek leaks. The system has
been constructed and tested in a ggomembrane test impoundment. The
method is described in U.S. Patent 4,719,407 for Automated Search Ap-
paratus for Locating Leaks in Geomembrane Liners.

SITE PREPARATIONS
Water Covering the Liner

To conduct a leak location survey of the bottom of the liners, a mini-
mum of 0.15m and a maximum of 0.75m (0.6m preferred) of water con-
taining no hazardous or foul substances must cover the liner. Because
hydrostatic loading produces mechanical stress in both the seams and
the material, leaks may occur only after the liner is subjected to these
loads. Therefore, testing the liner after the impoundment has been filled
with water is a valid method for determining if leaks will occur under
realistic loading conditions.

The depth of the water for the survey (within the specified range)
can be determined on a case-by-case basis. Surveying with a shallow
water level requires less water and pumping, but limits the hydrostatic
loading. The survey covers only the submerged liner area when the
cell is filled with water to the depth specified for the survey. There-
fore, surveying with shallow water decreases the amount of the side
slope that is covered by water and thereby limits the area of survey cover-
age for the cases where all of the side slopes are not surveyed.

Flooding the Leak Collection Zone

To survey the primary liner of a double liner system, an electrical
conduction path through any leaks to the leak collection zone must be
established. This process can be accomplished by pumping water in
the leak collection system while the primary liner is being filled with
water. Water can be pumped into the discharge side of the leak collec-
tion system. In some cases, air vents must be provided in the perimeter
edges of the primary liner near the top of the berm to allow air trapped
between the two liners to be vented. The water also can be pumped
into the air vents. The water level in the leak collection zone must be
slightly below the level of the water in the primary liner to prevent the
primary liner from being lifted.

In some cases when moist sand is used in the leak collection zone,
an alternative method can be used to establish the electrical conduc-
tion path without flooding the leak collection zone. The reliability of
this alternative method depends on the type and moisture content of
the sand. The alternative method is to allow the water from the leaks
to percolate through the leak collection zone. This method is most
effective when the water on top of the liner has been allowed to stand
at least 3 days and good electrical contact can be established with the
current electrode in the leak collection zone.

Current Electrode in Leak Collection Zone

Provisions should be made to allow the placement of a metal elec-
trode into the leak collection zone of a double liner system. In some
cases, a slit is cut in the liner above the water level to allow the inser-
tion of the metal electrode. This slit must be repaired when the leaks
are being repaired. In some installations, the electrode can be inserted
through a straight plastic pipe that extends down into the leak collec-
tion sump.

A third method for providing the electrode is to install a permanent
electrode constructed of approximately 0.lm? of thin stainless steel
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sheet in the drainage layer near the lowest point of the leak collectjon
system. The corners and edges of the electrode should be rounded 1o
prevent damage to the liner In addition, the electrode can be wrappeg
with geotextile or geonet to further protect the liners. An insulated wire
(16 AWG to 12 AWG) must be connected between the electrode and
a test terminal located at a convenient, accessible site near the ip-
poundment. The connections should be insulated with a suitable coating,

Isolate Electrical Paths Through the Liner

The electrical leak location method locates leaks by detecting elec-
trical conduction paths through leaks in the liner. If feasible, any other
electrical conduction paths through or around the liner must be elim;-
nated or insulated. All penetrations, such as fill lines, drain pipes, batten
anchors, penetration flanges, footings, pump lines, pump wiring,
instrumentation wiring, instrumentation conduits and access ramps mak-
ing contact with the water in the liner should be insulated from ground
or constructed of an insulating material. Electrical paths also can be
established through the liquid in plastic pipes if the pipes connect to
a grounded metal valve or metal pipe.

Rubber packers can be placed in plastic drain and fill pipes to insure
that the fluid in the pipes does not act as an electrical path o ground.
In some cases a temporary geomembrane cover can be seamed over
pipes and batten anchor bolts. Metal pipes penetrating the liner can
be insulated using large plasuic garbage bags or caps constructed of
insulating foam rubber, geomembrane and plywood.

For the electrical paths to be a factor, the paths must form a conduc-
tion path through or around the liner being surveyed. The presence
of such electrical conduction paths does not preclude the application
of the method. However, if these paths can not be eliminated, isolated
or insulated, the paths will be indicated as leaks that may mask the
signal from other smaller leaks in their immediate vicinity. In addi-
tion, if the conduction paths are substantially lower in resistance than
the electrical paths through the leaks, the amount of current flowing
through the leaks may be too small to detect small leaks. The design
and construction of the impoundment can be reviewed to determine
the best methods to eliminate or minimize the effect of these conduc-
tion paths on the survey.

Remove Debris

For safety and better leak location reliability, debris such as unneces-
sary sand bags and non-floating liner material must be cleared from
the liner.

Conducting Structures

A leak is indicated as an electrical potential anomaly in an other-
wise relatively uniform potential distribution. Conducting structures
such as concrete footings, metal supports and sand bags can distort the
potential distribution, making leaks more difficult to locate. Small leaks
that are substantially covered by structures such as a concrete footing
probably cannot be detected. Moderate-size leaks at the perimeter of
such structures can usually be detected.

Power Requirements

Electric power of single phase 95 to 125 V AC, 45 to T hertz, at
approximately 5§ amp must be provided at the site for operation of the
leak location power supply. The power outlet should be located at the
top of the berm.

SAFETY

A potential for injury is present in any work at & construction sie.
Specific hazards include electroctuion, slipping and falling on the geo-
membrane material, falling in the water, hypothermia and drowning.
Job safety is the most important aspect of doing a complete and through
leak location survey. Proper safety precautions must be followed.

In addition to the standard construction site safety rules, specific safety
procedures must be used to safely conduct an electrical leak location
survey using a high voltage power supply. The survey operators wading
in the water are exposed to an electrocution hazard if they come in co-
tact with a grounded electrical conductor. Precautions must be taken



to avoid this possibility. Some precautions include using only dry
electrically-insulating hand lines for entering or exiting the basin and
being sure that wire rope, wet rope, metal cables, electrically-conducting
poles, electrically-conducting ladders, or any other electrically con-
ducting objects are not available or used for rescue or used to aid
personnel in the water.

A safety circuit for the high voltage power supply provides a measure
of protection in case of accidental contact of personnel with the high
voltage. Because making the power supply inherently safe and making
the safety circuit completely reliable are not possible, survey procedures
and procedures should be such that personnel can never make electri-
cal contact across the power supply. The safety circuit must absolutely
never be tested by human contact. The safety interlocks must not be
bypassed to allow operation of the power supply without the flashing
red safety strobe.

Other elements of an effective safety plan include proper training
of survey personnel, safety briefing for visitors to the site, high-voltage
warning signs and employing personal flotation devices for operations
near deep water. The water in the impoundment must be non-hazardous
if an operator is to be completely immersed. Surveys must never be
performed when there is a threat of lightning or under adverse weather
conditions such as cold weather, rain, or snow or where the operator
has difficulty concentrating on safety.

On some work sites, the survey operators must be qualified to meet
OSHA 29 CFR 1910.120 safety requirements. This OSHA regulation
requires 40 hr of instruction, on-the-job-training, a medical surveil-
lance program and annual 8 hr training refresher courses.

Operators should be trained in first aid and cardiopulmonary resus-
citation. Additional safety procedures must be followed depending on
the hazards and conditions present at each site.

SPECIFYING ELECTRICAL LEAK LOCATION SURVEYS

The Appendix is a guide for specifying electrical leak location sur-
veys. The guide offers suggestions for typical surveys as well as assigning
responsibilities for preparations for the surveys.
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APPENDIX

Specification Guide for the Electrical Leak Location Method
For a Geomembrane Leak Location Survey
With No Soil Covering the Liner

Introduction

This list of typical specifications is presented with relevant general
discussion to explain the preparations required for surveying primary
or secondary liners for leaks using the electrical leak location method.
Electrical leak location surveys can be contracted for by the owner or
operator of the facility, the general contractor, a third-party quality
assurance contractor, or the liner installer. To best serve the interests
of the facility owner, the electrical leak location surveys should be con-
tracted for by the owner or operator of the facility, or a third-party
quality assurance contractor. The following specifications are written
for this type of contractual arrangement. Separate specifications are
required for the general contractor and for the electrical leak location
contractor.

The specifications are for a manual survey of liners with no soil or
sand covering the liner. The specifications are intended for guidance
and reference only. They are not intended to be all-inclusive, to be neces-
sary in every application, or to recommend any particular practices
or procedures. The specifications for each installation should be written
specifically for the application, using proper engineering practices and
Jjudgement and legal advice and review. Each use of the designations
of Company and Contractor should be reviewed and changed as
applicable to refer to the owner of the facility, the general contractor,
the liner installer, an independent quality assurance consulting firm,
or other subcontractor as applicable. Other terms such as landfill, im-
poundment or pond should be used as appropriate. The specifications
are written to be very comprehensive. They should be abbreviated where-
ever possible. The paragraphs typed bold are provided for explanation
and can be omitted from the specification.

Electrical Leak Location Survey Specifications for
General Contractor

Electrical Leak Location Survey
Under Hydrostatic Load

An electrical leak location survey will be performed by Southwest
Research Institute, 6220 Culebra Road, San Antonio, Texas 78238, (Con-
tact Daren L. Laine, telephone 512-522-3274) or approved equivalent.
The survey will be conducted on the bottom and side slopes of both
the primary and the secondary geomembrane liners of the basin. Con-
tractor will be responsible for preparing the basin for the survey as
described below.

If more than one leak per 2000 ft> of surveyed area is found in
either liner, the leak location survey will be limited to one man-day
of survey per 20,000 ft* of liner material. The electrical leak location
survey will be conducted to better categorize the occurrence of leaks
and possible causes of leaks to aid in the specification of corrective
measures. The electrical leak location survey will be curtailed until
the cause of the leaks is determined and corrective measures are taken
by the Contractor. In the case of defective seaming, only patching the
leaks will not be a viable corrective action because additional leaks
will likely form when basin is put in service. If more than one leak
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per 2000 fi? of surveyed area is found in either liner, an electrical leak
location survey of the liner will be performed at the expense of the
Contractor after the corrective actions are taken and the located leaks
are repaired.

The occurrence of greater than approximately one leak per 2000 f
can indicate defective seaming process or procedures, defective liner
material, or ineffective liner material handling or protection measures.
In these cases, further electrical leak location surveying are not sensi-
ble because the questionable integrity of the installation. In these cases
corrective actions must be taken.

Prior experience indicates that detectable leaks are found in some
repaired leaks when they are tested using the electrical leak location
method. When significantly less than approximately one leak per 2000
J# of liner is found, rechecking the leaks with the electrical leak
location method is usually not necessary if the leak is sealed and then
a patch is seamed over the repair. The repair can then be tested using
a vacuum box. When more than approximately one leak per 2000 f¢
are found, rechecking the seams and paiches using the electrical leak
location method is warranted. The geomembrane installer is responsi-
ble for making the repairs.

Preparing the Basin for Survey
Electrical Paths Through the Liner

Contractor shall electrically insulate electrical conduction paths
through the liner. Such conduction paths can be caused by fill pipes,
drain pipes, batten anchors, penetration flanges, footings, pump lines,
pump wiring, instrumentation wiring, instrumentation conduits and
access ramps. Electrical paths can also be established through the liquid
in plastic pipes if the pipes connect to a grounded metal valve or metal
pipe. Contractor will provide any necessary rubber packers and/or in-
sulated coverings for this purpose. Properly supported temporary geo-
membrane material sealed over the electrical penetrations can also be
used.

The electrical leak location method locates leaks by detecting elec-
trical conduction paths through leaks in the liner. Any other electrical
conduction path which also makes a circuit through or around the liner
will give the same indication as a leak. The presence of such electrical
conduction paths does not preclude the application of the method.
However, if these paths can not be eliminated, isolated, or insulated,
they will be indicated as leaks and they may mask the signal from other
smaller leaks in their immediate vicinity. In addition, if the conduction
paths are substantially lower in resistance than the electrical paths
through the leaks, the amount of current flowing through the leaks may
be too small to allow the detection of small leaks.

Electrode in Leak Collection Zone

Contractor shall make the arrangements for placing a suitable metal
electrode in the leak collection zone prior to installing the primary liner.
The electrode shall be constructed of approximately 1 ft of stainless
steel sheet. The corners and edges of the electrode must be rounded
to prevent damage to the liner. In addition, the clectrode shall be im-
bedded in the sand or wrapped with geotextile or geonet to further pro-
tect the liners. An insulated wire (16 AWG to 12 AWG) must be connected
between the electrode and a test terminal located at a convenient
accessible location near the basin. The connections must be insulated
with a suitable coating. The electrode shall be buried at a depth
approximately 2 in above the secondary liner near the lowest point of
the collection system.

Some alternative methods include cutting a slit in the liner a few feet
above the water level to allow the insertion of the metal electrode. The
Contractor shall be responsible for having slits cut for inserting the
electrode if necessary and repairing the slits. Where necessary and feasi-
ble, a rod-shaped electrode can be placed in a leak sampling pipe that
extends down into the leak collection sump. However, this last method
is usually not as effective as the other methods because of the danger
of getting the electrode stuck and the increased resistance of the water
in the pipe.

Flooding the Liner
Contractor shall flood the liner to the required depths with water con-

64 HEALTH & ENDANGERMENT

taining no hazardous or foul substances. A source of water will be
provided by the Company. Water disposal facilities will be provided
by the Company. Contractor will be responsible for pumping or other-
wise transferring the water. Contractor will be responsible for damage
to the subgrade or berm caused by water leakage and erosion, or
hydrostatic loading. Provisions must be provided and procedures shall
be followed by the Contractor to minimize the dynamic loading of the
liner and possible damage to the liner, leak collection system and/or
subgrade caused by the water stream or by a rapid change in the water
level. Prior to flooding, Contractor shall clean the basin of debris in-
cluding scraps of liner material, other construction materials and
unneeded sand bags.

The water is needed for the electrical leak location method. The
hydrostatic loading of the liner is also desirable for determining if leaks
will occur under realistic loading conditions.

The basin shall be filled with the water to the working depth. When
more than approximately 20 ft of the side slope is immersed, the manual
survey of the side slopes is conducted in stages. The Contractor shall
lower the water between each survey stage to allow no more than ap-
proximately 20 ft of the immersed side slope to be surveyed at a time.
If the water can not be lowered to the level required for the next stage
of the survey within 16 hr, Contractor shall pay Company for standby
time or additional reduced mobilization costs for the electrical leak
location survey contractor.

In some cases where the basin is large, or the discharge rate for the
water must be limited, standby time or additional reduced mobiliza-
tion costs are inevitable and should be planned and contracted for as
part of the contract with the electrical leak location contractor. In those
cases, the Contractor shall pay Company only for additional standby
time or additional mobilization costs due to delays caused by the Con-
tractor in excess of the planned amouni.

The side slopes can be surveyed by raising or lowering the water level
in stages either before or after the bottom of the liner is surveyed. If
the side slopes are surveyed first, from the top down, the basin will
be filled with water to the working level prior to the leak location sur-
vey. This exposes the liner to loads representative of actual in-service
loading. In most cases the level of the water can be lowered faster than
it can be raised, therefore, the survey can be completed with less standby
time required while the water level is adjusted.

The advantage of surveving the side slopes after the bottom of the
liner is surveyed is that washout or sentling of the subgrade under the
liner caused by leaks in the bottom of the liner might be avoided if leaks
in the bottom are located and repaired prior to full hydrostatic loading.
However, there is no assurance that additional leaks will not occur
because of the increased hydrostatic loading during the side slope survey.
Therefore, additional surveying of the bottom of the liner may be required
after the side slopes are surveyed.

After the side slopes have been surveyed to the toe of the berm at
the most shallow pant, the Contractor shall lower the water to the level
where the most shallow portion of the bottom of the basin is covered
with approximately 6 in of water. When the bottom of the liner slopes
more than 30 in, the survey of the bottom shall be conducted in more
than one stage. The Contractor shall lower the water between each survey
stage to allow the bottom of the basin to be surveyed in no more than
30 in of water. The water level is lowered to the level where the most
shallow unsurveyed area is covered with 6 in of water. If the water can
not be lowered to the level required for the next stage of the survey
within 16 hr, Contractor shall pay Company for standby time or addi-
tional reduced mobilization costs for the electrical leak location survey
contractor.

Again, for the cases where the basin is large, or the discharge raie
Jor the water must be limited, standby time or additional reduced mobili-
zation costs should be planned and contracted for as part of the con-
tract with the electrical leak location contractor. In those cases, the
Contractor shall be liable for paying only for additional standby time
or additional mobilization costs due to delays caused by the Contrac-
tor in excess of the planned amount.

Flooding the Leak Collection Zone for the Survey of



The Primary Liner

Contractor shall also flood the leak collection zone with water. This
can be done by pumping water in the leak collection system while the
primary liner is being filled with water. To avoid possible damage, the
water level in the leak collection zone must be maintained below the
level of the water in the primary liner to prevent the primary liner from
being lifted. Water can be pumped into the discharge side of the leak
collection system. Air vents must be provided in the perimeter edges
of the primary liner near the top of the berm to allow air trapped between
the two liners to be vented. The water can also be pumped into the
air vents. The Contractor shall be responsible for having slits cut for
flooding and air vents, if necessary and repairing the slits.

1o survey the primary liner, an electrical conduction path through
any leak to the leak collection zone must be established. This task is
usually accomplished by flooding the leak collection zone. In some cases
when sand is used in the leak collection zone, an alternative method
can be used to establish the electrical conduction path. The reliability
of this alternative method depends on the type and moisture content
of the sand. The alternative method is to allow the water from the leaks
to percolate through the leak collection zone. This method is most ef-
Jective when the sand has residual moisture and the water on top of
the liner has been allowed 10 stand at least three days and good elec-
trical contact can be established with the power supply electrode in
the leak collection zone.

The survey of the secondary liner must be conducted prior to instal-
lation of the primary liner. However, because the secondary liner is
in direct contact with earth ground there is no requirement to flood
the subgrade under the liner.

Electrical Power

Contractor will furnish a source of electrical power of 110-120 V AC
at 10 amp for the electrical leak location equipment. The power outlet
shall be located at the top of the berm.

Safety

Proper safety precautions and safe working practices shall followed.
A written safety plan specifically addressing the electrical leak loca-
tion surveys submitted by the electrical leak location contractor shall
be followed. Contractor will also inform the electrical leak location
survey subcontractor of the specific safety rules, procedures and haz-
ards at the plant site.

Electrical Leak Location Survey Specifications
For Electrical Leak Location Contractor

Electrical Leak Location Survey Under Hydrostatic Load

An electrical leak location survey will be performed by Southwest
Research Institute, 6220 Culebra Road, San Antonio, Texas 78238, (Con-
tact Daren L. Laine, telephone 512-522-3274) or approved equivalent.
The survey will be conducted on the bottom and side slopes of both
the primary and the secondary geomembrane liners of the basin. Con-
tractor will be responsible for preparing the basin for the survey as
described below.

The survey equipment leak detection distance shall be verified prior
to the survey. The results of the verification tests shall be used to
determine the distance between survey scans. The verification test will
be conducted using a simulated leak assembly as shown in Figure 1.
The simulated leak consists of a sealed plastic container with an insu-
lated wire penetrating the container through a sealed hole in the con-
tainer. The insulation at the end of the wire is stripped off for a distance
of approximately 1 in. The opposite end of the wire is connected to
a grounded electrode or a separate electrode in the leak collection zone.
A weight is placed in the container and the container is filled with a
sample of water from the basin being tested. A sample of geomem-
brane liner with the same thickness as the liner being tested is sealed
behind a large hole in the lid of the container. A 0.03 in nominal diameter
circular leak is placed in the center of the geomembrane sample by
penetrating the liner with a heated No. 6 sewing needle (0030 in nominal
diameter) or a sewing pin (0.034 in nominal diameter).

The simulated leak assembly will be placed in the water in the basin

and survey sweeps will be made as the operator approaches the simu-
lated leak. The distance from the leak locator probe to the leak when
the leak is just detectable is measured. This is the leak detection dis-
tance. Twice this distance will be the maximum distance between survey
scans. The power supply electrode can be put at any position in the
basin, but the survey must be conducted with the power supply elec-
trode no farther from the leak than the distance when the verification
test was conducted.

The leak location sensitivity is proportional to the resistivity of the
water used to flood the liner and the power supply voltage. For rela-
tively high resistivity water such as river or lake water, or water from
a municipal supply, the simulated leak can be usually be detected at
a distance of approximately 18 in. For a saturated brine solution, the
simulated leak can usually be detected from a distance of 6 in. Smaller
leaks will be detected if the leak location probe electrode happens to
pass directly over the leak. Larger leaks can be detected from greater
distances. However, these typical leak detection sensitivities can be
greatly reduced in some instances and some judgement is necessary
for specifying an effective survey for a reasonable cost.

If more than one leak per 2000 ft* of surveyed area is found in
either liner, the leak location survey will be limited to one man-day
of survey per 20,000 ft* of liner material. The electrical leak location
survey will be conducted to better categorize the occurrence of leaks
and possible causes of leaks to aid in the specification of corrective
measures. The electrical leak location survey will be curtailed until
the cause of the leaks is determined and corrective measures are taken
by the Contractor. In the case of defective seaming, only patching the
leaks will not be a viable corrective action because additional leaks
will likely form when basin is put in service. If more than one leak
per 2000 ft* of surveyed area is found in either liner, an electrical leak
location survey of the liner will be performed at the expense of the
Contractor after the corrective actions are taken and the located leaks
are repaired.

The occurrence of greater than approximately one leak per 2000 f*
can indicate defective seaming process or procedures, defective liner
material or ineffective liner material handling or protection measures.
In these cases, further electrical leak location surveying is not sensi-
ble because the questionable integrity of the installation. In these cases
corrective actions must be taken.

Prior experience indicates that detectable leaks are found in some
repaired leaks when they are tested using the electrical leak location
method. When significantly less than approximately one leak per 2000
J# of liner is found, rechecking the leaks with the electrical leak lo-
cation method is usually not necessary if the leak is sealed and then
a patch is seamed over the repair. The repair can then be tested using
a vacuum box. When more than approximately one leak per 2000 f#
is found, rechecking the seams and patches using the electrical leak
location method is warranted. The geomembrane installer is responsi-
ble for making the repairs.

Preparing The Basin For Survey

The Company is responsible for having the basin prepared for the
electrical leak location survey. These preparations include: electrically
isolating electrical conduction paths; placing a suitable metal electrode
in the leak collection zone prior to installing the primary liner; cleaning
the basin of debris; flooding the liner to the required depths with water;
adjusting the level of the water as necessary; flooding the leak collec-
tion zone with water; and furnishing a source of electrical power.

Leak Location Surveys

Electrical Leak Location Survey of Sidewalls of the
Secondary and Primary Geomembrane Liners of the Basin

The electrical leak location survey contractor shall conduct a leak
location survey of the side slopes of the secondary liner and the primary
liner using the electrical leak location method. The side slope area will
be surveyed by systematically scanning the side slopes. Procedures shall
be followed to assure that the leak detection probe is scanned within
the detection distance for every point on the submerged liner. Twice
the leak detection distance is the maximum distance between survey
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Simulated Leak Assembly

scans. In addition, all of the seams oriented down the side slopes shall
be surveyed individually by scanning the leak location probe along the
seam.

When more than approximnately 20 ft of the side slope is immersed,
the water must be lowered in stages to allow the manual survey of the
side slopes. Any leaks found will be accurately located and the loca-
tions will be referenced to reference marks on liner near the berm of
the basin.

Electrical Leak Location Survey of Bottom of the
Secondary and Primary Geomembrane Liners Basin

The electrical leak location contractor shall conduct a leak location
survey of the bottom of the secondary liner and primary liner using
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the electrical leak location method. Procedures shall be followed to
assure that the leak detection probe is scanned within the leak detec-
tion distance of every submerged point on the liner. In addition, aj]
of the seams shall be surveyed individually by scanning the leak location
probe along the seam.

Detected leaks shall be located to within 0.5 in or less and imme-
diately marked with lead sinkers and floats. The location of the leaks
shall also be measured relative to reference marks on the berm or side
slope of the liner for a permanent record. Where practical, the loca-
tion and type of leak shall be noted (i.e. on a seam or patch, or in the
panel).

Reports, Safety And Other Points
Reports

If requested. the general results of the electrical leak location survey
shall be reported to the designated representative of the Company during
the daily progress of the field work. A list of the locations of the leaks
found shall be submitted to the designated representative of the Com-
pany after completion of the field work and before the electrical leak
location survey crew leaves the site. A letter report documenting the
work, including a brief summary of the survey procedures, results of
the survey and problems encountered shall be prepared and submitted
within 14 days after completion of the field work.

Safety

Proper safety precautions and safe working practices shall be fol-
lowed. A written safety plan specifically addressing the electrical leak
location surveys shall be submitted to the Company for approval by
the electrical leak location contractor prior to the start of the leak loca-
tion field work. The safety plan shall be followed. Contractor and Com-
pany will inform the electrical leak location survey subcontractor of
the specific safety rules, procedures and hazards at the plant site.

Confidentiality

Unless agreed to in writing, the name of the facility, the location of
the facility, the identity of the Company, Contractor and the geomem-
brane installer shall be held in strict confidence. Any published results
of the survey will include only leak statistics. Information shall not be
afforded confidentiality if: such information is publicly available or
rightly obtained without restriction by from a third party; or released
without restriction by the furnishing party to anyone, including the Unit-
ed States Government.

Some faciliry owners prefer to avoid publicity concerning their opera-
tions. A confidentiality agreement should describe the level of security
desired.



Evaluation of Relative Magnitude of Human Exposure by
Various Routes in a Community with
Multiple PCB-Contaminated Sites

John C. Kissel
Indiana University
Bloomington, Indiana

ABSTRACT

Efficient execution of Superfund activities intended to reduce risks
to humans posed by toxic wastes requires identification of the most sig-
nificant routes of exposure in a given location. Estimates are presented
of the magnitudes of PCB exposure associated with various pathways
in a community with multiple sources of contamination. For many
citizens, designated hazardous waste sites are less significant sources
of exposure to notorious chemicals than are more familiar surroundings.
Integration of hazardous waste management strategies with broader
environmental policies is therefore warranted. Examination of the rela-
tive magnitudes of exposure attributable to diverse routes also facili-
tates realistic assessment of the benefits of incremental cleanup actions.
Substantial mitigation of risk may occur long before formal comple-
tion of site remediation.

INTRODUCTION

Bloomington, Indiana was formerly the location of a capacitor
manufacturing and repair facility operated by Westinghouse Electric
Corporation. Polychlorinated biphenyls (PCBs) were released from the
plant in sewer and air discharges as a result of disposal of retired and
defective capacitors. Discarded capacitors were hauled to several dumps
and landfills. Copper scavengers opened the capacitors and spilled their
contents. In some cases, capacitors were transported to additional
locations before or after scavenging. Discharges from the manufacturing
facility to a city sewer resulted in contamination of a wastewater treat-
ment plant, and contaminated sludge was unknowingly distributed to
citizens as soil conditioner. Westinghouse employees, their families,
copper scavengers, sewage treatment plant employees, sludge users,
persons who frequented the dumpsites, persons who lived in close
proximity to the dumpsites, and the general citizenry have experienced
variable levels of exposure.

The U.S. EPA, Westinghouse, the City of Bloomington, Monroe
County and the State of Indiana agreed in 1985 to a cleanup strategy
involving six sites in or near Bloomington. Four of these sites are NPL.
Remedial measures have been taken at all six sites, but at only one is
no further action anticipated. Two additional sites are undergoing
cleanup outside the terms of the 1985 agreement.

The process of identifying and cleaning sites has become drawn out,
politicized and contentious. To evaluate risks and cleanup strategies,
it is useful to estimate the relative magnitudes of human exposure to
PCBs by various routes in Bloomington. Exposures may be estimated
directly from measured environmental concentrations for those routes
for which such data are available, or back-calculated from observed
body burdens using a pharmacokinetic model. Both methods are utilized
here.

Prior to discussing the presence of PCBs in the environ,ment, two
qualifications must be stated. First, analytical techniques have evolved

concurrently with concern over PCBs. Consequently, data from dis-
parate sources are not always precisely comparable. Second, commer-
cial PCB preparations are mixtures of compounds with variable
physico-chemical and toxicological properties.'* Ideally, evaluation of
exposure to and risks of PCBs would be approached on a congener-
specific basis. Since most historical data are not congener-specific,
however, total PCB burden serves as an imperfect surrogate measure.
Total PCB trends nevertheless present an illustration of the consequences
of widespread utilization and subsequent abandonment of a particular
class of poorly degraded, lipophilic chemicals.

BACKGROUND EXPOSURE

Exposures to PCBs in Bloomington are of particular interest to the
extent they deviate from exposures typically experienced by the national
population. PCBs were used extensively in a variety of products for
several decades prior to their removal from commerce in the latter half
of the 1970s. As a result, they are widely dispersed in the environment
and routinely identified in human tissue and blood. As shown in
Figure 1, domestic sales of PCBs peaked in 1970;* sales of PCBs and
were ultimately banned in mid 1979. Since PCBs are lipophilic and rela-
tively resistant to degradation, their appearance in the food chain was
predictable.

Trends in adult dietary exposures estimated from information gathered
in FDA total diet surveys™® are presented in Figure 2. Horizontal
scales in Figures 1 and 2 are equivalent to facilitate comparison. An
estimate of a total dietary exposure of about 90 ng/day in 1985 in
Ontario’® is in good agreement with the FDA data. Dietary exposure
in Osaka, Japan,” however, was estimated as greater than 4 ug/day in
1985. Data from the National Human Adipose Tissue Survey
(NHATS)" presented in Figure 3 reveal that virtually all United States
residents carried detectable levels of PCBs in the early 1980s. The impact
of removing PCBs from routine commerce is reflected in a decline after
1978 in the fraction of the population having greater than 3 ppm in
adipose tissue and in the increase in those having levels, although
detectable, less than 1 ppm.

Measured blood concentrations”* of PCBs in general populations
or groups not known to have occupational exposure are presented in
Figure 4. The suggestion of a peak in blood levels in the mid 1970s
and a subsequent decline is consistent with the NHATS data, but the
scarcity of pre-1978 blood data precludes a firm conclusion to that effect.
Not shown in Figure 4 are (off-scale) blood levels measured in several
non-occupationally exposed populations exhibiting unusual rates of fish
consumption.*

The highest point in Figure 4 represents Bloomington sludge users
and may be an indication of increased exposure or simply an artifact
of the timing of the sampling. An ostensible Bloomington control group
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Reported PCB Levels in Blood in General Populations or
Non-occupationally Exposed Control Groups.

All points are Arithmetic Means Except as Noted.
Squares: serum, Reference 13; Diamonds: plasma, Reference 13;
Circles: serum, Reference M; Triangles: serum medians,
Michigan controls (light fish consumers), Reference 14,
Pluses: serum, Bloomington sludge-users (1977) and
serum geometric mean, Bloomington controls (1984), Reference 15.

found to have higher serum levels than the sludge users" contained
some health workers who may have been exposed during site
inspections® and therefore the data for this group are of questionable
validity for comparison. The slope between the sludge users and the
subsequent (1984) Bloomington controls® is similar to that between
Michigan controls (light fish eaters) sampled in 1973 and 1980.". 1984
Bloomington controls do not appear to have unusual blood levels of
PCB. Other subsets of the Bloomington population surveyed in 1984
had blood levels that ranged from apparently slightly elevated to clearly
elevated.®

Persons in classifications entitled game eating closest residence,
playing, digging, fish eating, and swimming had geometric mean serum
levels 31 to 54% higher than the 5.9 ug/L. geometric mean of the controls.
Scavengers had a geometric mean slightly over twice that of the con-
trols and the occupationally exposed group (including Westinghouse
employees and wastewater treatment plant workers) had a level over
four times higher. Only the latter group was statistically distinguish-
able from the controls at the 5% level, but groups were small. Pre-
viously,” occupationally-exposed persons were found to have an
arithmetic mean serum concentration over four times that of the sludge
users, and their family members’ mean was about double that of the
sludge users. Results from more recent sampling of a larger number
of Bloomington residents than were tested in 1984 are not yet
available.”

EXPOSURES CALCULATED FROM
KNOWN CONCENTRATIONS

Environmental measurements from which PCB exposures may be
calculated directly are available from a variety of sources. Estimates
obtained in this manner are presented in Table 1. Commercial food
supply exposures were derived from the same sources as Figure 2.



Table 1
Annual Average Daily Adult PCB Exposures Calculated
From Measured Environmental Concentrations.

Exposed individual Route Magnitude Data Ref.
(ug/day)

Westinghouse

Bloomington employee workplace air 18-740. 1977 (18)
Lake Michigan

sportfisher fish 39-313. 1973-4 (19)
Bloomington wastewater

plant operator personal air <36. 1976 (17)
U.S. citizenry commercial food 6.9 1971 (8)
U.S. citizenry indoor air 0.65-10.9 1979-84 (20-22)

Nearest Bloomington

dumpsite neighbor outdoor air <2.7 1983 (24)
Occasional Bloomington

dumpsite visitor outdoor air <2.3 1983 (24)
U.S. citizenry commercial food <0.1 1985 (8)
Bloomington residents

near dumpsites well water <0.024 1986 (25)
Bloomington citizenry City water <0.01 1989 (26)
Bloomington citizenry outdoor air <0.008 1986-8 (27)

Workplace air measurements were made by NIOSH"® at a (now
closed) municipal wastewater treatment plant and in the Westinghouse
plant. The range of inhalation exposures to Westinghouse employees
reflects time-weighted average air concentrations associated with the
most (capacitor repairman) and least exposed (boilerhouse operator)
job classifications investigated.

It was assumed the employees worked 250 8-hr work days/yr and
had a 20 m®/day breathing rate. Inhalation exposure for wastewater
plant operators was calculated similarly based on an average of personal
air samples taken in September of 1976. (Results from a previous set
of samples taken in August, 1976, were all below detection, hence the
“less than” designation.)

Dietary exposures for Lake Michigan sportfishers (consumers of more
than 24 to 26 Ib of fish/yr) were taken from the literature® and includ-
ed for comparative purposes. Indoor air exposures to the general pub-
lic were calculated based on measured average air concentrations of
39 to 653 ng/m’ in homes, schools, laboratories and offices®?# and the
assumption that a typical person is indoors 20 hours per day. A more
recent study? found no PCBs in residential air, but at a detection limit
(100 ng/m®) that does not exclude the possibility of agreement with
previous results.

Estimated exposure to nearest dumpsite neighbors was based on the
highest 24-hr average concentration measured® at the boundary of the
Lemon Lane site (before capping) and an assumption of 4 hr/day of
exposure. A somewhat higher boundary concentration was recorded
at another site, but measurements made near adjacent homes were lower.
Inhalation exposure attributable to occasional dumpsite visitation was
based on an assumption of 25 2-hr trips per year and the highest average
summertime daytime concentration recorded (also before interim
remediation at Lemon Lane) at 180 cm in vertical profile meas-
urements,

The range of possible activities engaged in by persons visiting the
dumpsites is quite broad, and the estimate could be low for a few persons
such as copper scavengers who spent significant time near “hot spots”
(capacitor piles). Estimated exposure from well water was based on
a survey of water quality in wells within 1 mi of major dumpsites®
and a nominal consumption rate of 2 L/day. In most wells tested, PCBs
were not detected. A handful of positive values between 2 and 12 ng/L
were recorded. Two wells that tested higher were no longer in use for
drinking water supply. The city water exposure estimate reflects no
detection of PCBs at 5 ng/L in municipal water.” Outdoor air inha-

lation exposure to the general Bloomington populace was based on the
highest annual average concentration obtained from three sites monitored
during 1986-1988.7

EXPOSURES BACK-CALCULATED FROM BODY BURDENS

The list of exposures presented in Table 1 clearly is not exhaustive
and is limited to those routes for which estimation is easily undertaken.
For example, potential dermal exposure from contaminated water or
soil or direct contact with PCB oils is not included. In the absence of
adequate knowledge of the PCB concentration in a particular medium
or of the frequency of the pertinent activity, gross exposure may be
back-calculated from measured body burdens given some understanding
of the rate at which PCBs are eliminated from the body.

Half-lives of various PCB congeners and commercial mixtures
reported in or derived from the literature?®3 are presented in Table 2.
Apparent half-lives, calculated from sequential data without consi-
deration of continuing exposure, may be much higher than true half lives.

Table 2
Half-lives of PCBs in Humans Reported in or
Calculated® from the Literature.

Commercial mgxture Half life Sample size Reference
or congener (yrs)
105 0.56 17 (28)
118 0.82 "
Kanechlor 300€ 5.1 20 (29)
Kanechlor 300 & 500€ >15. 4
aroclor 12429 2.0 5 (30)
Aroclor 12609 16.9 "
108/118 0.27-0.82 1 (31)
138 0.88 "
153 0.93 "
180 0.34 "
Aroclor 1242© 2.4-3.1% 58 (32)
Aroclor 1254€ 2.6-6.5% "

8assuming no continuing exposure.

Using numbering system of Ballschmiter and Zell (33).
CBased on employment history.

dpistinction not specified.

©pistinguished as eluting before (1242) or after (1254) DDE.
fMean values for persons with highest to lowest initial body
burdens.

Rates of elimination are least likely to be distorted by background
exposure in persons with high existing burdens. Increasing half-lives
at Jower tissue concentrations of mixtures of compounds such as PCBs
may also result from preferential retention of the least rapidly elimi-
nated congeners. Half-lives of specific congeners presented in Table 2
are relatively short. These data may reflect selection of atypical
congeners, but the particular congeners evaluated are among those which
routinely are found in human samples. The frequency with which they
are identified can be explained partly by their occurrence in commer-
cial mixtures, but, nevertheless, if elimination is rapid, ongoing exposure
must be high to maintain measurable levels in blood and tissue.

Buhler, et al.,” suggest that typical exposures to each of the in-
dividual congeners they investigated are on the order of 3 to 4 u/day.
Given the fractional presence of !individual congeners in commercial
PCB preparations, this figure is difficult to reconcile with estimates
of likely total PCB exposure presented here.

It has been demonstrated that elimination of 2,3,7,8-TCDD from
humans can be plausibly simulated using a physiologically based phar-
macokinetic (PBPK) model employing assumptions of simple thermo-
dynamically based partitioning and negligible metabolism.* With
input of appropriate physical parameters, this model may be applied
to elimination of PCBs. Log octanol water partition coefficients of PCB
congeners of interest range from roughly 4 to 7.5.3%% Henry’s cons-
tants are likely to range from approximately 1 to over 100 Pa m® mol-!
at physiological temperatures.”*

PBPK model simulations indicate that (70 kg) adult half-lives attributa-
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ble to partitioning alone (excretion/exhalation) should vary between
roughly 0.5 and 5 yr given these physical properties. Shorter half-lives
would result for those congeners that are significantly metabolized.
Longer apparent half-lives could be observed in the presence of con-
current exposure. This effect is illustrated in the data of Phillips, et
al., ™ cited in Table 2. Aggregate PCB half-lives on the order of 2.5 yr
were observed in persons with relatively high body burdens, and longer
half-lives were observed in persons with relatively low body burdens.
Given an appropriate metabolic rate constant, the PBPK model may
be used to compute exposures required to sustain observed body bur-
dens. Selected cases are presented in Table 3. A true half-life of 2.5
yr was assumed.

Some Westinghouse emplayees had serum PCB levels over 1000 mg/L
in 1977. The maximum inhalation exposure shown in Table 1 appears
sufficient to account for only about 500 mg/L in serum. Dermal
exposure is therefore likely to have been very substantial and to have
exceeded inhalation exposure to at least some employees. A similar
conclusion with respect to another group of PCB workers was reached
previously by Lees, et al.," The mean serum PCB level in a group of
Westinghouse employees’ family members in 1977 was reported as
approximately 34 mg/L as compared to the sludge users’ 17 mg/L."
If the sludge users received negligible non-background exposure, then
about half of the family members’ body burden could be attributed to
unusual exposure. If roughly half of the sludge users’ burden was the
result of non-background exposures, then about three-quarters of the
family members’ burden was unusual. Dermal uptake of a lipophilic
contaminant from soil has been shown to be plausible elsewhere.”
Further application of the PBPK model reveals that likely current
exposures to the general population in the United States are not suffi-
cient to maintain existing serum levels and that continuing decline should
be anticipated.

Table 3
Annual Average Daily Supplemental Exposures Estimated to be
Required to Produce Observed Serum Levels.

Exposed individual Route Magnitude
(ug/day)
Most exposed
Westinghouse employee dermal >740.
Family member of
Westinghouse employee dermal, inhalation 25-35.
Sewvage sludge user dermal, inhalation 0-10.

"Assuming aggregate 2.5 year half life.

DISCUSSION

Background exposures to PCBs are declining in the United States.
Given the trend in PCB levels in commercial foods, indoor air may
now be the primary source of PCB exposure for the bulk of the popu-
lation. Temporal trends in indoor air concentrations are poorly defined,
however, and further research is needed in this area.

Indoor air concentrations measured in the United States in the early
1980s are comparable to outdoor air levels measured in the immediate
vicinity of uncontrolled dumpsites in Bloomington at about the same
time. Indoor air exposures certainly impact a greater portion of the
population.

Results from the Total Exposure Assessment Methodology Study
(TEAMS)* demonstrate that primary exposures to some pollutants of
concern, in particular volatile organics, probably occur indoors. This
also may be the case for the semi-volatile PCBs. Reorientation of U.S.
EPA activities toward a more integrated and consistent assault on en-
vironmental problems, as has been suggested by an internal U.S. EPA
review panel,® is warranted.

At issue in Bloomington are the adequacy of cleanup efforts under-
way and the risks presented. Despite the fact that the ultimate cleanup
strategy is controversial and a decade or more from completion, the
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largest risks listed in Table 1 have been effectively mitigated. Clearly
those at greatest risk of harm by PCBs in Bloomington are persons who
were employed at Westinghouse during the period PCBs were actively
utilized. Cessation of active utilization of PCBs has resulted in a sub-
stantial decline in serum PCB levels in such persons®* and also i
likely to have resulted in reduction of exposures to members of their
families. Exposures of the latter type are not adequately addressed within
the current regulatory framework, a situation that reiterates the need
for reorientation of efforts at the U.S. EPA.

Former occupational exposures and any resulting from residual con-
tamination inside the Westinghouse plant fall within the realm of
occupational safety and outside the scope of CERCLA cleanup activi-
ties. Although PCB body burdens of Westinghouse employees con-
tributed o the perception of a hazardous waste problem in Bloomington,
they did not result from waste disposal practice per se and would not
be more effectively remedied if CERCLA-related activities in Blooming-
ton were proceeding more smoothly. These exposures have been mitigat-
ed by eliminating the activity resulting in waste generation rather than
by more effective management of the waste. Occupational exposures
to wastewater treatment plant personnel were eliminated by closing the
facility (as was previously necessitated by city growth). Simple interim
measures (fencing) eliminated routine access to the major dumpsites
and associated exposures.

Remaining concerns, 1n addition to off-site air transport, include trans-
port in groundwater and access to unremediated sites. Transport in
groundwater has not yet presented a significant problem in Blooming-
ton, although, in view of local geological characteristics, movement
is inevitable barring complete remediation. Groundwater contamina-
tion, while very expensive to reverse, generally represents potential
rather than immediate risk. The slowness with which groundwater moves
prevents natural flushing from being a viable management strategy, but
it also provides time for implementation of interim mitigation strate-
gies such as provision of alternative water supplies to persons at risk.

Most of the minor sites in Bioomington at which no remediation is
planned are small plots on which contaminated sludge was spread.
Attenuation of PCBs by wolatilization and perhaps biodegradation
appears to be occurring at significant rates.”

The exposure estimates presented in Table 1 may be compared to
health criteria. ACGIH lists TLV-TWAs of 0.5 mg/m’ for Aroclor 1254
and 1.0 mg/m’ for Aroclor 1242 .4 Assuming 250 8-hr work days per
year, this figure corresponds to acceptable average annual daily
exposures to workers of roughly 2300 and 4600 ug/day, respectively.
On the basis of potential carcinogenicity, however, NIOSH recommends
a 500 to 1000-fold lower 1 wm® standard for each Aroclor.*

The U.S. EPA recently proposed a drinking water MCL of 0.5 p/l
for PCBs. This figure corresponds to an approximate acceptable intake
of 1 wday and, assuming a carcinogenic potency factor of 7.7 mg™ kg
day,“ an excess lifetime cancer risk on the order of 10~*. Interestingly,
the City of Bloomington’s NPDES permit for the Dillman Road
wastewater treatment plant requires effluent PCBs to be less than (.1
w1, five times lower than the proposed drinking water MCL.

CONCLUSIONS

Perceived sources of significant exposure to pollutants may differ from
actual sources. External sources, especially identified hazardous waste
sites, are greatly feared. For PCBs (and some other industrial chemi-
cals), more familiar surroundings such as homes and offices appear
to present the greatest exposure to the average citizen under current
conditions in Bloomington and elsewhere. Policies governing cleanup
of hazardous waste sites should therefore be integrated in an overall,
multi-media environmental protection strategy.

Much attention is given to the fact that only a small proportion of
NPL sites have been declared fully remediated. The bulk of the risk
associated with such sites may, however, be eliminated well before
cleanup completion. Progress under CERCLA to date is likely to be
significantly underestimated if measured by cleanup completions alone.

Understanding of the elimination of PCBs from humans is incom-
plete and further congener-specific, human-based investigation is
needed. Nevertheless, existing United States background PCB exposure



appears insufficient to maintain typical body burdens. Further decline
therefore is likely.
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ABSTRACT

The Agency for Toxic Substances and Disease Registry may, under
CERCLA, as amended, and RCRA, as amended, perform a Health
Assessment for a facility or release in response to a petition. Such
petition may be offered by individuals (private citizens) or licensed phy-
sicians who supply information that individuals have been exposed to
hazardous substances. In response to this mandate, ATSDR has
developed an interim methodology for performing Petitioned Health
Assessments. This paper describes the methodology developed by
ATSDR for performing an assessment and will include ATSDR interim
procedures and current data on the status of Petitioned Health
Assessments.

INTRODUCTION

The Agency for Toxic Substances and Disease Registry (ATSDR) is
authorized under CERCLA, as amended by SARA, to perform various
Heahth Assessments. Specifically, the Agency may “‘perform a Health
Assessment for releases or facilities where individual persons or licensed
physicians provide information that individuals have been exposed to
a hazardous substance, for which the probable source of such exposure
is a release. In addition to other methods (formal and informal) of
providing such information, such individual persons or licensed
physicians may submit a petition to the Administrator of ATSDR
providing such information and requesting a Health Assessment.”

In addition to CERCLA, RCRA, as amended, has a provision under
the Exposure Information and Health Assessment section stating that
“any member of the public may submit evidence of releases of or
exposure to hazardous constituents from a facility, or as to the risk or
health effects associated with such releases or exposure, to the Adminis-
trator of ATSDR.” Petitions or evidence submitted as defined by the
above acts (i.e., CERCLA and RCRA) are considered Petitioned Health
Assessments. Because these laws, as they pertain to Petitioned Health
Assessments, are broadly defined, it was necessary for ATSDR to
develop an interim methodology for dealing with Petitioned Health
Assessments.

ATSDR recognizes that decisions to perform a Health Assessment
should be based on public health concerns. Determining public health
concerns is an “interpretive” process and such concerns cannot always
be identified from the information received with a petition. Gathering
additional information, analyzing it and thereby identifying the health
concerns is equivalent to performing the Petitioned Health Assessment.
Furthermore, as specified above in the CERCLA and RCRA legisla-
tion, threats to the public, other than those posed by chemical releases
or facilities, although they may be related to Petitioned Health Assess-
ments, may not be the responsibility of ATSDR.

Once a public health concern has been established, even though
ATSDR would like to respond to the needs of the public with a Health
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Assessment, performing a Health Assessment on each and every incident
may not be in the best interest of the public. Other, more appropriate,
authorities might better address public health concerns that do not relate
to releases or facilities.

Furthermore, since the CERCLA legislation states that *“if [such]
a petition is submitted and the Administrator of ATSDR does not initiate
a Health Assessment, the Administrator of ATSDR shall provide a
written explanation of why a Health Assessment is not appropriate.”
Hence, formal procedures for accepting or rejecting petitions are
imperative. The following discussion will outine the interim
methodology that was developed within the ATSDR Office of Health
Assessment (OHA) for addressing Petitioned Health Assessments.

INTERIM METHODOLOGY

Gathering Preliminary Information and
Acknowledging Petitioner

Within a reasonable time period afier receiving a petition (i.c., & tarpet
of 10 working days), all appropriate ATSDR personne! provide any first-
hand information they might have on the facility or release. If a Health
Assessment has not been performed on a release or facility (see below),
an acknowledgement letter will be written responding to the specific
information provided by the petitioner(s) and incorporating any addi-
tional information provided by ATSDR personnel.

If ATSDR has already performed a Health Assessment, the
acknowledgement letter will reflect this and will include a copy of the
document. Furthermore, the acknowledgement letter will state that un-
less the petitioner has additional information not considered in the al-
ready completed Health Assessment, ATSDR will not pursue the petition
any further. If the petitioner sends new information in response to the
ATSDR acknowledgement letter, the request will be considered as a
new petition and dealt with as such.

Collecting Background Information

Once a petition has been acknowledged, background information must
be collected so that ATSDR can determine whether to accept or reject
the petition. As a first step in this interim process. the appropriate
ATSDR Regional Representative develops contacts and collects back-
ground information on the alleged release or facility. At a minimum,
the Regional Representative contacts:

¢ The Petitioned Health Assessment contact designated by the US.
EPA headquarters

¢ The most appropriate U.S. EPA personnel with knowledge or potential
knowledge of the site or release

* The most appropriate representatives of state health and environmental
agencies

* The most appropriate local health and environmental agencies

¢ The petitioner(s)



ATSDR uses the information gathered by the Regional Representa-
tive to apply the first interim decision criteria &i.e., Interim Mode A
Decision Criteria (see below)]. In addition to gathering information
and developing contacts, the Regional Representative also obtains a
recommendation from each agency on whether the petition should be
accepted (see Mode A Decision Criteria, below). The information
gathered in this step is not intended as a basis for the Health Assess-
ment but only to provide information for accepting or rejecting the
petition.

Applying the Interim Mode A Decision Criteria

A committee (i.e., Screening Committee), consisting of applicable
ATSDR management personnel, reviews the information gathered by
the Regional Representative and applies the following Interim Mode
A Decision Criteria:

A-l. Has a Health Assessment or its equivalent already been performed
relative to the site, release or population?
if yes, forward the Health Assessment to the petitioner, stating
that ATSDR will take no further action unless the petitioner has
information not considered in the report or its equivalent;
if no, proceed with the evaluation;
A-2. Can a source or release of contaminants alleged by the petition
to exist be identified?
if yes, proceed with the evaluation;
if no, reject for this reason;
4-3. Can a target population exposed or potentially exposed in the past,
present or future alleged by the petition to exist be identified?
if yes, proceed with the evaluation;
if no, reject the petition for this reason;
A-4. Do any of the government agencies recommend that ATSDR accept
the petition?
if yes (one or more), proceed with the evaluation;
if no (all), and reasons appear credible to OHA, reject the peti-
tion for these reasons; in some cases OHA may still proceed
with an evaluation if it believes that there are public health
issues that have not yet been adequately addressed.

If a petition is rejected for any of the above reasons, then a letter
will be sent to the petitioner stating the reasons for this rejection (see
below-Mode B Decision Criteria).

Assigning Site to Scoping Team, Site-Visitation,
Data Collection, and Preparation of Site Summary Report
Once a decision has been made to proceed with the petition, a
member(s) of an appointed evaluation team (i.e., Scoping Team) visits
the site and meets with knowledgeable federal, state and local officials
and the ATSDR Regional Representative. In addition, the Scoping Team
member(s) contacts those individuals previously designated by the
Regional Representative and any other individuals knowledgeable about
the site that were not available for personal communication during the
site trip. Background information and monitoring data, site-visit infor-
mation and any other information or monitoring data collected by the
Scoping Team member(s) are evaluated and used to complete an ATSDR
Site Summary Form.

Presenting Preliminary Information to the
Sereening Committee

When the information gathered during the site-visit trip has been con-
solidated and the site-visit report and ATSDR Site Summary Form have
been completed, the information is presented at a Screening Commit-
tee meeting for preliminary feedback. The purpose of this meeting is
to insure that all involved parties have a thorough understanding of the
petition, the release and the implications of the release before the OHA
Scoping Team member(s) meet with the petitioner(s).

Meeting with Petitioners and Preparing Trip Report

After preliminary presentation to the Screening Committee, the ap-
propriate OHA staff travel with the ATSDR Regional Representative
to meet with the petitioner(s). The trip report prepared after this meeting

becomes part of the official record, and any new information or health
concerns brought to the Agency’s attention by the petitioner(s) is con-
sidered when the petition is reviewed under the Interim Mode B Deci-
sion Criteria (see below).

Formal Presentation to Screening Committee and
Applying Interim Mode B Decision Criteria

The Scoping Team member(s) assigned to evaluate the petition
presents the findings and all related information to the Screening
Committee. The Screening Committee will apply the Mode B Deci-
sion Criteria (below) to determine whether the petition is accepted or
rejected.

Mode B Decision Criteria:

B-1. Have individuals been exposed to a hazardous substance for
which the probable source of such exposure is a release?

B-2. Are the location, concentration and toxicity of the hazardous
substances involved significant?

B-3. Is there potential for further human exposure?

B-4. What is the strength of recommendations from other govern-
ment agencies? .

B-5. Ts the incident applicable to CERCLA or RCRA or to other
more appropriate environmental statutes (can the public best
be served by a more appropriate government agency)?

B-6. Are ATSDR resources available and what other ATSDR
priorities have bearing, such as its responsibilities to conduct
other Health Assessments and health effects studies?

The Above Mode B Decision Criteria require the use of professional
judgment to evaluate the criteria’s bearing on the ultimate decision to
accept or reject the petition. After applying these criteria and reaching
a decision to accept or reject the petition, ATSDR drafts a response
letter to inform the petitioner(s) of the decision, the reasons for the
decision (if appropriate) and the nature of any followup action(s) (if
appropriate).

Preparing Draft Health Assessment

If the petition is accepted by applying the Interim Mode B Decision
Criteria, it is then assigned to an appropriate multi-disciplinary Health
Assessment team to develop a Draft Health Assessment. A copy of this
Draft Health Assessment is provided for comment to the U.S. EPA,
State and others in accordance with ATSDR policy.

Preparing Final Draft Health Assessment

Comments on the Draft Health Assessment received from the U.S.
EPA, the State and others are considered, and the document is revised
as necessary to prepare the Final Draft Health Assessment. Once the
Final Draft Health Assessment is completed, a public meeting is con-
ducted to discuss the findings.

Public and Petitioner Comment on
Final Draft Health Assessment

The Final Draft Health Assessment is released for public and
petitioner comment.

Responding to Comment, Preparing and
Distributing (final) Health Assessment and
“‘closing”’ the Petition File

All comments on the Final Draft Health Assessment received from
the public and petitioners is considered and the document is revised
as necessary to prepare the (final) Health Assessment. The Health
Assessment is then distributed according to ATSDR policy. It also is
sent to the petitioner with a letter of transmittal closing the petition
file (unless ATSDR is undertaking some followup health action, e.g.,
proceeding with a followup Health Assessment or a health study,
registry, surveillance activity, etc.).

STATUS OF PETITIONED HEALTH ASSESSMENTS

At the time this manuscript was prepared, ATSDR had received 62
requests for Petitioned Health Assessments from private citizens, public
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officials, physicians, lawyers and others (Table 1). Approximately 50?6
of the requests were received from private citizens. Although physi-
cians are specifically mentioned in the CERCLA regulations, only two
of the 62 requests have come from physicians; however, bolh physi-
cians were also public officials. Either very few private physicians are
aware of the petition process or they may have elected to have their
patients (private citizens) file the petition requests.

Table 4
Profile of Petitions by EPA Region

Table 1
Profile of Health Assessment Petitioners
Type of Petitioner Number of Requests Percentage
Private Citizen 30 49
Public Officlnl 15 24
Physician 2 3
anyeE 13 24
Other 2 2
Total 62 100

Region Number of Requests Rank by Number
of Requests
1 5 6/7
2 9 3
3 8 4
4 15 1
S 11 2
6 5 6/7
7 2 8
8 0 10
9 6 5
10 1 9
Total 62

1Both physicians that petitioned ATSDR were also public officials.

Tribal Council and military officer.

Requests have been received for sites on the NPL, for RCRA sites
and for “‘other” sites and facilities (Table 2). The site designation of
“other™ consisted mostly of active and inactive commercial or indus-
trial facilities (Table 3). As shown in Tabie 3, some petitions received
by ATSDR do not precisely fall into the category of a release or facility,
as described in CERCLA and RCRA. A profile, by U.S. EPA Region,
of the petitions received is shown in Table 4.

Table 2
Profile of Petitioned Health Assessments by Site Type
Type Number of Percentage
Requests
National Prioritites List
(NPL) 21 31
Resource, Conservation, and
Recovery Act (RCRA) 11 16
Other 36 53
otes:
Includes multiple site listings for & single petition received by
ATSDR.
Table 3
Profile of Non-NPL/RCRA Petitioned Health Assessments
By Site Type
Type of Site Number of
Requests

Commercial /Manufacturing Facilities 14
Landfills/Abandoned Disposal Areas 7
Mulitple Source Sites 5
Contaminated Municipal/Private Water Supplies 2
Military Base 1
Federal Penetentiary 1
Municipal Incinerator 1
Mining Waste )
Swoke from Burning of Timber 1
Agricultural Pesticide Release 1
Sevage Contamination of Waterways 1
Pesticide Test Ponds -1
Total 36

At the time this manuscript was prepared, 60 of the 62 petitions
received by ATSDR were being processed in one of the phases of the
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interim methodology for performing Petitioned Health Assessments.
A delineation of the status of the petitions is shown in Table 5. Forty-
four of the 62 petitions received have had the evaluation process (i.c.,
scoping) completed and that 30 Health Assessments currently have been
completed or are in progress.

Table §
Status of Petitioned Health Assessments

Status Category Nuaber of Requests

Rejected 14
Assigned (KA in progress) 22
Scoping (in progress) 17
Withdrawn by Petitioner 1
HA Completed _8
Total 62

HA~ Health Assessment.
Scoping= Evaluating petition request.

CONCLUSIONS

ATSDR, in response to the broadly defined CERCLA and RCRA
legislation, has developed an interim methodology for performing Peti-
tioned Health Assessments. This interim methodology includes a pro-
cedure using two-mode decision criteria for accepting or rejecting
Petitioned Health Assessment requests. Because ATSDR has based the
decision criteria primarily on human health concerns, ATSDR believes
that these procedures are sound from both a legal and, most impor-
tantly, a public health perspective.

Some of the petitions received by ATSDR do not appear to be the
responsibility of ATSDR, as implied in the CERCLA and RCRA legis:
lation. nor would the public health concerns raised by these petitioners
be best served by ATSDR. ATSDR believes that the interim decision
criteria developed to accept or reject these types of requests will best
serve the public interest and ATSDR needs. Wherever applicable,
ATSDR will refer a petition to the appropriate federal, state and local
authorities for follow-up actions to protect public health.

With the experience ATSDR gains through the use of this interim
methodology for performing Petitioned Health Assessments and with
public comments that will be received when these criteria are published
in the Federal Register, ATSDR may modify this methodology in the
future to best serve the public interest and ATSDR needs. It is readily
apparcnt, however, that public health concerns will remain the primary
basis for all ATSDR decisions whether to perform Health Assessments
or other appropriate actions at petitioned sites or facilities.
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ABSTRACT

The problems facing the industrial hygienist/safety professionals at
hazardous waste sites during cleanup are numerous.

Those responsible for the safety and health of site personnel must
learn how to make combined use of environmental and medical sur-
veillance data in order to provide adequate protection. Selecting quali-
fied medical monitoring facilities is mandatory. This process includes
accredited laboratory facilities with appropriate QA/QC programs.

The AIHA/ACGIH Hazardous Waste Committee and its Medical
Surveillance Subcommittee have been working with OSHA toward
creating a generic standard for medical surveillance. Such a standard
will give all hazardous waste contractors a starting point. Site-specific
variations can then be added by the site health and safety officer with
assistance from a board®certified occupational/environmental medicine
physician. The AIHA/ACGIH committee and its subcommittee have
created a set of criteria to assist the hazardous waste remedial action
contractors in their selection of appropriate medical facilities to do their
employee medical examinations.

The Rocky Mountain Arsenal cleanup at Basin F is a good example
of a properly operated medical surveillance and environmental
monitoring system.

The remedial action contractor built a state-of-the-art decontamina-
tion facility capable of handling up to 120 people in 30 min. The site
workers of Rocky Mountain Arsenal faced the problems of heat stress
in90to 97° F. summer weather as well as frost-bite in sub-zero winter
weather without any serious casualties. The contractor learned how to
keep workers alive and well and still get the job done and make money.

During the early days of Superfund site identification and charac-
terization, the occupational/environmental medicine physician was
monitoring young, health-conscious scientists. As the remedial action
phase got under way, an entirely different group of people came under
medical surveillance. They ranged in age from 18 to 65 and their life
styles in general were in sharp contrast to the scientist group. The
findings on their medical examinations were quite different. These
findings present additional decision®making problems for the hazardous
waste contractor.

There is need for continuous interaction between the contractor
management and the medical monitoring facility. One must meet all
of the requirements of OSHA and the U.S. EPA and still comply with
the Privacy Act relative to confidentiality of medical information. One
must also deal with the mandate of EEOC in terms of non-discrimination
in hiring practices.

Medical surveillance of all persons entering upon a Superfund site
is required by law under OSHA. If it is well done, it can be of great
benefit to all concerned. If it is poorly done, it can create a host of
potentially expensive problems.

Introduction

The history of the Rocky Mountain Arsenal begins in 1942. It was
established by the U.S. Department of the Army as a manufacturing
facility for the production of chemical and incendiary munitions. During
World War II, chemical intermediate munitions, toxic products and
incendiary munitions were manufactured and assembled by the U.S.
Army. From 1945 to 1950, stocks of Levinstein mustard were distilled,
mustard-filled shells were demilitarized and mortar rounds filled with
smoke and high explosives were test fired. Various obsolete ordnance
were also destroyed by detonation or burning during this period.

In the early 1950s, RMA was selected to produce the chemical nerve
agent GB (Sarin) under U.S. Army operations. The North Plants
manufacturing facility was completed in 1953 and was used to produce
agents until 1957. Munitions-filling operations continued until late 1969.
Primary activities between 1969 and 1984 involved the demilitarization
of chemical warfare materials.

Concurrent with military activities, industrial chemicals were
manufactured at RMA by several lessees from 1947 to 1982. The
products included chlorinated benzenes, naphthalene, chlorine, fused
caustic, insecticides (DDT, Aldrin, Dieldrin and Endrin), herbicides,
nematocides, adhesives, anti-icers and lubricating greases.

In May of 1974, di-isopropylmethyl phosphonate and dicyclopen-
tadiene were detected in the surface water at the northern boundary
of the arsenal. Later that year , the Colorado Department of Health
(CDH) detected the same chemical in a well north of the arsenal and
issued three administrative orders against Shell and/or the Army in April
of 1975. Thus began the litigation history of the RMA.

One must remember that in 1942 Denver was a very small town and
the arsenal site was far from civilization. I also doubt that any of the
planners at that time ever dreamed that the arsenal would some day
be surrounded by a large urban area. I seriously doubt that any con-
sideration was given to groundwater and its possible contamination by
arsenal activities. The country was engaged in a global war and it was
“full speed ahead” with little consideration for the environment.

The Rocky Mountain Arsenal encompasses approximately 17,000 ac
of land in Adams County, Colorado. Much of it looks very benign.
There are many species of wildlife roaming the arsenal including herds
of deer, thousands of prairie dogs and rabbits. Games birds abound
and the lakes and ponds are full of fish. Bald eagles have built a nest
on arsenal property.

The full extent of the contamination of soil and groundwater at the
arsenal is not known. It may never be known. The lists of chemicals
fill many pages and are not considered complete. The environmental
problems created by the arsenal have created much political activity
and the public has demanded action.
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SITE CHARACTERIZATION MEDICAL MONITORING

The initial stages of cleanup began with site characterization. My
organization has been involved in the medical monitoring for the past
9 years. We have supplied medical surveillance and biological
monitoring to a number of the contractors. In this initial phase of cleanup
activity, the majority of the personnel working on the Rocky Mountain
site were scientists and technicians.

The Activities at this stage of the investigation included drilling test
wells, taking soil and water samples and doing air monitoring. Some
of the locations in which they were working called for level B protec-
tion. This means the use of impervious clothing in multiple layers
including gloves and boots with liners and helmet with supplied air
(either back pack with tanks or airline hose from a compressor). I have
been suited up for level B and have been out on-site carrying equip-
ment and doing physical work in direct sunlight with outside ambient
temperatures in the 70's (°F). Within 20 min. I began to feel the heat
load. I could only imagine how I would feel if the outside ambient tem-
peratures were in the high 90's (°F). I was wearing a back pack with
compressed air tank and was put through the experience of a tank
change. I recall that it took me 20 min. to get dressed with the help
of two people from the decontamination unit.

I went through this exercise because I feel that it is important for
the examining physician at hazardous waste projects to experience exactly
what the workers on the project will experience. It gave me a much
broader perspective and enabled me to do a better job for the contractor
personnel.

As each contractor began work in 1980, I sat down with the industri-
al hygiene and health and safety personnel and reviewed the available
environmental data. Based on this discussion, we jointly developed a
protocol for medical monitoring. We knew that we were dealing with
organic solvents and a variety of chlorinated hydrocarbon pesticides.
These chemicals are known liver toxins and some are kidney toxins.
Some are leukemogens and others can cause aplastic anemia. The
organophosphate pesticides depress the cholinesterase.

All of the baseline physical examinations included: personal and
family medical history, occupational history, hobbies, recreational
activities, use of tobacco, alcohol and medicines; hands-on physical
examination; chest x-ray; lung function testing; resting ecg or tread-
mill ecg (for level A & B protection); complete blood count; biochemical
profile; vision screening; audiometric testing; complete urine analy-
sis; cholinesterase; methemoglobin; heavy metals. Where indicated,
pesticide screens of various kinds were added. All personnel were
screened for drug use as a safety precaution.

Having developed the medical monitoring protocol, the next impor-
tant step was to select laboratories that had good QA/QC programs.
We chose a local reference laboratory that was certified by the Centers
for Disease Control. This laboratory participated in two external qual-
ity control programs. We then found a toxicology laboratory that also
demonstrated proper QA/QC by participating in multiple external pro-
grams. Our trace metals laboratory participates in four national and
two international Q/QC programs and does 40% QC in house. We feel
very comfortable with the results from these laboratories.

Chest x-rays (PA and lateral views) are interpreted by a Board Certi-
fied radiologist. Pulmonary function tests are done on equipment that
is calibrated daily. The tests are conducted by a technician who has
taken a NIOSH-approved course in spirometry and passed the certifi-
cation examination. The ecg’s are all interpreted by cardiologists. The
audiometric testing is done on equipment that meets the requirements
of the OSHA standard on hearing conservation.

After the baseline examination, employees are monitored on a periodic
basis. The interval is usually once a year, but in some situations may
be more frequent. They also are examined at the end of a project or
when leaving employment. If there has been a spill or toxic release,
an interim examination usually is conducted.

In the initial phase of the arsenal cleanup, we were examining groups
of scientists and technicians engaged in site identification and charac-
terization. These were almost all young people (aged 20 to 35), in
excellent health and in a good state of physical fitness. Many were com-
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petitive athletes. Most were non-smokers and had good dietary habits,
Very few were overweight. Most of them consumed little or no alcohol,
We did not find any drug users.

CLEANUP PROGRAM MEDICAL MONITORING

When the remedial action contractors came for the next phase of the
cleanup, we found ourselves evaluating an entirely different group of
people. They ranged from 18 to 65 years of age. Quite a number were
overweight. Most were in a fair to poor state of physical fitness. Many
were cigarette smokers and heavy users of alcohol. We found a few
drug users. Many had very poor eating habits. Many had elevated serum
lipids (cholesterol and/or triglycerides).

A major remedial action effort took place in 1988-1989 at a location
known as Basin-F. This area was considered one of the most highly
contaminated areas at the RMA. The cleanup plan was drawn up by
the contractor. This plan of course, included a site health and safety
plan which was reviewed by the industrial hygiene group and the medical
monitoring group. The medical surveillance protocol was created and
adopted. This project was unique in that the labor force was union
organized. The “hot zone™ was identified and was surrounded by a buffer
zone with a perimeter fence. All personnel working inside the fence
were put in level B protection during the initial phase of the cleanup,

A team of 22 field health and safety personnel was selected and hired
by the contractor. This team included three EMT’s (emergency medi-
cal technicians) and seven air monitoring and meteorology technicians.
All of these people were trained by the contractor for this project. The
air monitoring personnel selected seven locations for monitoring stations
at the perimeter. High volume samplers were used with continuous real-
time computerized monitoring. Wind velocity and direction also were
measured.

The contractor designed and built a state-of-the-art decontamination
facility. This facility was equipped with the latest in decontamination
equipment. It was staffed by a supervisor and seven technicians. It was
stocked with large supplies of all of the required protective clothing
and respiratory protective gear. It was capable of handling up to 120
people in 10 min. It also housed the on-site laundry. It was set up to
handle male and female personnel (there were some female heavy equip-
ment operators and laborers).

During the summer months, all field personnel were monitored for
heat stress. Hourly WBGT monitoring was done in the support zone.
The work/rest regimen was based on these readings. As the ambient
temperatures went up, the work periods were shortened and the rest
periods were lengthened. During 90 to 100°F weather, the work day
began at 4:00 a.m. and the project was shut down by 10:00 a.m. Under
these conditions, the labor force would work for 20 min. and rest for
40 min. Some of the work was done on the night shift to avoid the heat.

During the rest periods, personnel were pulled out of the “hot zone™
into the decontamination trailer which was maintained at 60°F. The
EMT's checked vital signs (hean rate, respiration, blood pressure and
body core temperature). The body core temperature was measured by
using a tympanic thermometer. Field medical monitoring was the first
line of defense against heat stress.

At the peak of activity, there were 60 to 70 people in the Basin all
of the time. Approximately half of these were heavy equipment opera-
tors and half were laborers. The heavy equipment operators were in
air-conditioned cabs and therefore had less solar load than the laborers.
The heavy equipment operators were all on supplied air from racks
of tanks on their vehicles. It became necessary in the hot weather to
ice the air tanks and the hoses. Even with all of these measures, the
ambient temperature inside the cabs got into the mid 80's (F). Some
of the laborers used back packs with small 45 min. tanks of compressed
air, Others dragged airline hoses around that supplied air from large
tanks or compressors.

When it came to putting down the black vinyl liner for the waste
pile containment, the contract had to be re-written to allow this work
to be done at night. During the day, thermometers 3 ft. above the liner
registered 140°F. At the beginning of the hot weather, 1 was asked, &
the medical consultant, to go out to the work site and give a lectuse
on heat stress to the managemers and supervisors. This lecture wis



accomplished by utilizing the charts and slides on heat stroke and heat
stress prepared by ACGIH. The contractor then took the posters and
prepared from the cartoons a booklet that was given to all personnel
in the field.

OVA's (organic vapor analyzers) and HNU equipment were used for
field environmental monitoring. Organic chemical in the ambrent air
were measured to monitor pesticide levels. Ammonia, hydrogen sulfide
and fugitive dust also were measured. Neither ammonia nor hydrogen
sulfide was detected. All of the above measurements were done with
real-time monitoring. The fugitive dust action limit was set at
1 mg/m’. Action limits set for chemicals were fractions of PELs and
TLV’s.

During the winter months, insulated coveralls were worn under the
protective clothing. The impermeable suits provided protection against
the wind chill. Hard hats were fitted with insulated liners. Insulated
boot liners were provided and cotton gloves were worn inside the
neoprene gloves. There was a warm up regimen of 15 min/hr of work
when ambient temperatures were at 0°F. During the warm up period,
the EMT’s checked fingers, toes and ears for evidence of frostbite. Body
core temperature was measured to be sure that employees were not going
into hypothermia.

As the clean-up progressed, the basin was downgraded to level C
personal protective equipment, based environmental monitoring data.
However, when the OVA reading for toluene (as an example) exceeded
1 ppm, the area would be upgradead to level B and field personnel would
go back on supplied air. Every precaution was taken to prevent exposure
of field personnel to toxic chemical hazards. During the entire project,
there was daily communication between the site health and safety officer
and the medical consultant.

CONCLUSIONS
During the peak phase of activity there were 130 people on-site in-

cluding support personnel outside the perimeter fence. All of these sup-
port personnel, including security guards and office workers, were
included in the medical monitoring program. The contractor was not
taking any chances with the health and safety of his personnel. Some
of the motivation, of course, was not only medical but also legal. All
employees including regular employees staying on with the company
were provided with exit medical examinations as they left the project.
Analysis of the health and safety data did not reveal any evidence of
serious exposure to toxics. There were no heat stroke or frost-bite
casualties.

The contractors and their management and field personnel are to be
congratulated for carrying out a project of this scope and magnitude
with no serious health casualties.
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ABSTRACT

A study of the potential public health risk was undertaken at the Chis-
man Creek Superfund Site. This site is located in south east York County,
Virginia, and consists of four fly ash disposal areas, three man-made
ponds and a freshwater tributary stream that drains into Chisman Creek
and the Chisman Creek estuary. Fly ash was generated from a fuel mix-
ture of bituminous coal and petroleum coke and was disposed at the
site from 1957 to 1974. The site was placed on the NPL in 1983

Contaminants associated with the site are nickel, arsenic, vanadium,
lead and zinc. Potential pathways of exposure reviewed included soil
and surface water. A public health risk assessment was calculated for
chronic intake of carcinogenic and non-carcinogenic contaminants. In-
gestion of contaminants was calculated for members of the general popu-
lation, including sensitive persons. These calculated exposure values
were used to determine the risk associated with this site. Using the
derived data and published information, risks estimated for the local
population were determined. These risk assessment values were deter-
mined not to “exceed” the U.S. EPA’s 104 to 10-7 level of carcino-
genic risk or unity for the non-carcinogen hazard index. Derived health
assessment information was used as one variable in determining the
necessary remediation criteria.

This paper discusses problems encountered in determining exposure
factors and incremental risks at a site containing low levels of trace
metals. The results of this study indicate that risk interpretation must
be conducted with caution at low level metal sites. The dietary
importance and risk relation ship of trace metals also is noted. Since
the mechanisms of actions for the trace metals studied are different,
no combined effects were calculated. Numerical values for carcino-
genic potencies and acceptable intake concentrations for chronic
exposure were obtained from the U.S. EPA Superfund Public Health
Evaluation Manual. Other factors influencing risk are discussed as
related to the exposed population. The importance of sensitive
individuals in the population is noted. Regulatory evaluation, assump-
tion factors for a sensitive population and risk assessment as a
remediation criteria are discussed.

INTRODUCTION

Numerous federal and state laws have recently been enacted requiring
investigation and remediation of sites contaminated with hazardous sub-
stances including organic, inorganic, pesticide, radionuclide and other
wastes'. The primary factor responsible for site selection, remedy
selection and cleanup levels has been the site’s actual or potential impact
affecting human health and the environment, often collectively called
a public health hazard. Several highly publicized incidents resulting
in threat or harm to the public and environment originally triggered
enactment of the initial Superfund legislation (CERCLA) and the re-
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authorization legislation (SARA). As a result of these Superfund laws,
environmental engineers have developed new techniques to control,
transport, excavate, stabilize, incinerate, biodegrade and encapsulate
materials considered to be hazardous. Although these technologies can
successfully control and remediate hazardous material at sites, infor-
mation about the public health hazards posed by the sites often was
lacking. To evaluate public health risks, methodology was modified
and/or formulated to quantify risks associated with hazardous waste
sites. These public health epidemiological and statistical methods used
data derived from the fields of toxicology, physiology. industrial hygiene,
biology, chemistry and meteorology. This interdisciplinary approach
resulted in a *‘new’ discipline called risk assessment. With the develop-
ment of any “‘new subject,” a degree of maturity and growth is necessary
to establish a theoretical and practical basis. This paper will provide
a case example of risk methodology and interpretation used to assist
in the determination of cleanup standards for a low-level Superfund site.

Regulatory Considerations

Since risk assessment is in its early stages of scientific and regulatory
evolution, few, if any, governmental agencies have established procedural
policy to conduct, evaluate, interpret and review this technique. However,
the (U.S. EPA) published five proposed guidelines (carcinogenicity,
mutagenicity, developmental toxicity, chemical mixtures and exposure)
to help risk assessors establish standards for conducting risk
assessment’. Although these guidelines are not regulations, they do
provide a framework in which cleanup risk assessment criteria can be
addressed. In fact, other agencies (e.g., the EPA, Nuclear Regulatory
Commission) have used similar methodological approaches to estab-
lish standards®. As the field of risk assessment develops, better refine-
ment of techniques will allow more governmental agencies to use these
procedures to establish regulatory standards and cleanup criteria.

Routes of Exposure

The routes or pathways of exposure in humans from hazardous waste
site activities include dermal, ingestion and inhalation. Traditionally,
the primary occupational route was inhalation. However, this pathway’s
importance is diminished in non-occupational populations. In the general
population, the route and potential exposure can dramatically vary from
one individual to another. Therefore, numerous scenarios must be
evaluated to determine maximum risk. In almost all cases, the worst
practical scenario must be considered when determining the final risk.
This risk assessment process may include a synergism of compounds,
routes and number of exposure events.

Site Background Information
The Chisman Creek Superfund Site is located in southeast York



County, Virginia, approximately 1 mi north of Grafton®. The site con-
sists of four fly ash disposal areas, three man-made ponds, a fresh-
water tributary stream that drains the site and flows into Chisman Creek
and the Chisman Creek estuary. The site has been divided into two
operable units by the U.S. EPA. Operable Unit 1 consists of the four
fly ash disposal areas (designated Pits A, B, C and D) and areal ground-
water. Operable Unit 2 consists of three ponds (designated A, B and
C), the freshwater stream and the Chisman Creek estuary. This paper
addresses the risks associated with operable Unit 2 only,

The site contains fly ash generated from a fuel mixture of bituminous
coal and petroleum coke. The fly ash was produced at Virginia Elec-
tric and Power Company’s (Virginia Power) Yorktown Power Station
and was disposed of at the site by R. L. Brandt and Sons, Inc., a local
contractor, from 1957 to 1974. The site was placed on the NPL in 1983.

Previous investigations of the Chisman Creek site include studies by
the Virginia Department of Health and the Virginia Water Control Board
in 1980 and 1981 and by the Virginia Institute of Marine Science in
1983. The RI and FS for Operable Unit 1 were performed by the U.S.
EPA’s contractor, CH,M Hill, in November, 1985 and August, 1986,
respectively. The ROD for Operable Unit 1 was issued by the U.S. EPA
in September, 1986. Virginia Power agreed to per form the Operable
Unit 1 remediation, and remedial construction was completed in
December, 1988.

The U.S. Fish and Wildlife Service (FWS) conducted the RI for oper-
able Unit 2. The draft RI report was issued in April, 1987, and the final
RI report was issued in December, 1987. GAI Consultants, Inc. (GAI),
a contractor to Virginia Power, conducted the FS for Operable Unit
2 by agreement with the U.S. EPA. Virginia Power agreed to perform
the Operable Unit 2 remediation, and remedial construction was
completed in December, 1988.

Long-term operation and maintenance activities currently are being
performed on the site by Virginia Power. Additionally, Virginia Power
and the County of York have entered into an agreement to operate the
site as a public park. Softball and soccer fields along with nature areas
have been developed and public use of these facilities is scheduled for
mid-1990.

Methods

Risk assessments were calculated for the chronic intake of carcino-
genic and non-carcinogenic trace elements. No combined effects were
included in the risk assessment calculations since the mechanism of
actions for these metals studied are different. Numerical values for car-
cinogenic and non-carcinogenic potencies and acceptable intakes for
chronic exposure were obtained from the U.S. EPA Superfund Public
Health Evaluation Manual (SPHEM)S.

Chemical concentrations were determined as described in the Chisman
Creek Superfund Site Feasibility Study for Operable Unit 2°. Con-
taminated elements evaluated in this study are nickel, arsenic, vanadium,
lead and zinc. The highest concentration of each contaminant was used
for the risk evaluation. Assessment pathways evaluated were ingestion
of sediment (soil) and surface water. All ingestion was considered to
be accidental and does not represent a daily consumption intake. In-
take values for water and sediment are 100 mL (non-carcinogens) and
1000 mL (carcinogens) per day and 10 g per day, respectively. Intesti-
nal absorption was considered 100% for all com pounds. For carcino-
genic calculations, a lifetime was 70 yr, body weight was 35 kg and
exposure duration was 450 days over one’s lifetime. For non-carcinogenic
calculations, a body weight of 10 kg was used.

Risk assessment calculations for the carcinogenic elements, nickel
and arsenic, are identical to those described in the Superfund Public
Health Evaluation Manual® and the *“Chisman Creek Superfund Site
Feasibility Study for Operable Unit 2”° The Hazard Index Value (HI)
for non-carcinogenic elements, nickel, vanadium, lead and zinc, were
determined using identical methods as described in the Superfind Public
Health Evaluation Manual®. All values were considered for chronic
exposure. The Acceptable Intake Concentrations for chronic exposure
(AIC) for vanadium, nickel, lead and zinc were obtained from the
Superfund Public Health Evaluation Manual or the Health Effects
Assessment Documents for Arsenic’ or Nickel and Nickel

compounds?. The Chronic Daily Intake values (CDI) were calculated
by dividing the ingestion concentration by the body weight.

RESULTS

The highest concentrations of carcinogenic elements are shown in
Table 1. These values are reported for Ponds A, B, C and the stream
water and sediment. Ingestion was determined from the concentrations
in Table 1 and is represented using in the value of mg/day (Table 2).
The risk assessment based on a lifetime exposure from ingestion of
water or sediment is shown in Tables 3 and 4. These values represent
additional cases of cancer over a lifetime. The carcinogenic potency
values for nickel and arsenic are 0.84 mg/kg-day and 15 mg/kg-day,
respectively.

Non-carcinogenic water and sediment concentrations are shown in
Table 5. Ingestion concentration for water and sediment per day are
shown in Tables 6 and 7, respectively. The hazard index values for
vanadium, nickel, lead and in zinc sediment are shown in Table 8. Values
equal to 1.0 are defined as unity. All methodology is identical to the
Superfund Public Health Evaluation Manual (6) and the “Chisman

Creek Superfund Site Feasibility Study for Operable Unit 27

Table 1
Highest Concentrations Detected of Nickel and Arsenic in Water and
Sediment for Carcinogenic Evaluation

Water Concentration {ppb)

Pond A Pond B Pond C Stream
Nickel 27 27 27 83
Arsenic 10 10 10 145

Sediment Concentration (ppm)

Pond A Pond B Pond C Stream
Nickel 749 79 29 107
Arsenic 28 128 15 17
Table 2

Ingestion of Nickel and Arsenic from Water and
Sediment (mng/day) for Carcinorganic Evaluation

Water Concentration

Pond A Pond B Pond C Stream
Nickel 0.027 0.027 0.027 0.083
Arsenic 0.010 0.010 0.010 0.145

Sediment Concentration

Pond A Pond B Pond C Stream
Nickel 7.49 0.79 0.29 1.07
Arsenic 0.28 1.28 0.15 0.17
Table 3

Risk Estimate for the Ingestion of Water from the Ponds and
Streams as Additional Cancer Cases Over a Lifetime Period

Pond A Pond B Pond C Stream
Nickel 3.1 x 10713 3.0 x107'3 3.1 x 10713 2.9 x 107!
Arsenic 7.5 x 10713 7.5 x 10713 7.5 x 10-13 1.6 x 10”10

HEALTH & ENDANGERMENT 79



Table 4
Risk Estimate for the Ingestion of Sediment for the Ponds and
Streams as Additional Cancer Cases Over a Lifetime Period

Pond A Pond B Pond C Stream
Nickel 2.4 x 1078 2.6 x 10-10 .5 x10°"" 4.8 x 10710
arsenic 5.9 x 10710 1.2 x 1078 W1 x 1070 201 x 10710
Table §
Water and Sediment Concentrations for the
Non-Carcinorganic Evaluation
Water Concentration (ppb)

Pond A Pond B Pond C Stream
Nickel 27 27 27 83
Vanadium ao 19 19 70
Lead 5 5 5 970
Zinc 4.6 4.2 18 83

Sediment Concentration (ppm}

Pond A Pond B Pond C Stream
Nickel 749 79 29 107
vanadium 1,670 141 48 541
Lead 28 17 13 62
Zinc 202 k1:} 67 217

Table 6
Ingestion of Water for Non-Carcinorganic Evaluation (mg/day)

Pond A Pond B Pond C Stream
Nickel 0.027 0.027 0.027 0.083
vanadium 0.080 0.019 0.019 0.097
Lead 0.005 0.00S 0.005 0.070
Zinc 0.005 0.004 0.018 0.008

Ingestion of Sediment for No:‘(?ll::t‘ilnorgnnic Evaluation (mg/day)
Pond A Pond B Pond C Stream
Nickel 0.749 0.079 0.C29 0.01%
vanadium 1.670 0.141 0.048 0.054
Lead 0.280 0.017 0.013 0.062
Zinc 0.020 0.038 0.067 0.022
DISCUSSION

Health Effects

The concentration values for carcinogenic elements, nickel and
arsenic, and non-carcinogenic elements, vanadium, nickel, lead and
zinc, are represented in Tables 1 and 5. These values are below
concentrations associated with heavy metal diseases™®. Nickel is con-
sidered both a carcinogenic and a non-carcinogenic hazard by U.S. EPA
in the SPHEM®. However, primary association for nickel as a carcino-
genic element is through occupational inhalation®’ resulting in clevated
nasal and lung cancer. A different, and more important, cancer etiology
is reported for arsenic. Arsenic has been associated with skin cancer
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Table 8
Hazard Index Values for Non-Carcinogenic Elements

AfLC

cpnl
Chemical (mg/kg/day or mg/1/day) (mg/kg/day or mg/l/day) K1

Pond A
vanadium -2
Water 0.0008 2.0 x lo_2 0.04
Bediment 0.0167 2.0 x 10 0.84
Nickel _2
Mater 0.0003 1.0 x 10-2 0.03
Sediment 0.0075 1.0 x 10 0.7
Lead _3
Watar 0.0001 1.4 x |0.) 0.04
Sediment 0.0001} 1.4 x 10 0.20
Zinc _s
Water 0.0001 2.10 x 10“ 0.0002
Sediment 0.0020 2.10 x 10 0.01
Pond B
Vanadium .2
water 0.0002 2.0 ‘0_2 0.0t
Bedimant 0.0013 2.0 x 10 0.07
Mickel .2
Water 0.0001 1.0 x |()_2 0.03
Sediment 0.0079 1.0 x 10 0.08
Lead _3
Water 0.0001 1.4 x 10 3 0.04
Sediment 0.0002 1.4 x 107 0.12
Zine '
Water 0.0001 2.0 x 10" 0.0002
Sediment 0.0004 2.0 x 10° 0.002
Vanadium .2
Water 0.0002 2.0 x 10 2 0.01
Sediment 0.0005 2.0 x 10” 0.02
Nickel 2
Water 0.0001 1.0 x 10'2 0.0
Sediment 0.000) 1.0 x 10 0.0
Lead N
Water 0.0001 1.4 x 10” 0.04
Sediment 0.0001 1.4 x 10”7 0.09
Zinc
¥ater 0.0002 2.10 x 107! 0.001
Sediment 0.0007 2.10 x 107! 0.00)
Stream
Vanadium
water 0.0097 2.0 x 1072 0.49
Sediment 0.0054 2.0 x 1072 0,03
Nickel
water 0.0008 1.0 x 1072 0.08
Sediment 0.0011 1.0 x 1072 0.1%
Lead
water 0.0001 1.4 x 1072 0.04
Sediment 0.0006 1.4 x ‘o') 0.44
%nc
Water 0.0008 2.10 x 107! 0.004
Sediment 0.0022 2.10 x 10°! 0.01

in humans drinking contaminated water” Unlike nickel, this associs-
tion represents a valid concern as related to the public health.
The non-carcinogenic elements have only been associated with diseas
in elevated concentrations on a chronic exposure basis or accidental
acute episodes. Since the element concentrations of interest are W?“
below acute toxicological dose thresholds. no acute non-carcinogenic
hazard index values were calculated. However, recent concerns over
lead have raised the issue of whether low concentrations may be
to sensitive members of the population®. The sensitive groups most
often considered are pregnant women and young children. It is likely,
as with asbestos, that a no observable dose threshold exists with lead.
However, as with numerous trace elements, it is possible that low cof-



centrations are biochemically necessary for normal metabolism. A
detailed discussion of health effects and biology of the elements as-
sociated with this site can be found in references 5, 7, 8 and 9.

Exposure Constants

Values of intake are represented in mg/day for both carcinogenic and
non-carcinogenic elements (Tables 2, 6 and 7). These values were then
divided by the body weight (35 or 10 kg). The low weight values were
used to introduce a highly conservative estimate in the final calcula-
tions. There fore, population members having weights greater than those
used in the calculations exhibit an even larger factor of conservatism.
This process allows risk assessment policies to provide a high degree
of protection to all population members without opting for the “tradi-
tional” average risk estimates". Use of these values can provide
standard guidelines for risk assessment at low level sites without
unrealistic conservatism.

A similar factor was applied to the intake values of water and sediment.
Although these values are large for accidental ingestion in the adult
population, this exposure may be realistic for children who, for exam-
ple, engage in frequent pica ingestion. Most of these conservative
assumptions are balanced by a more liberal exposure time of 450 days.
Providing the values used in this investigations®s risk assessment cal-
culations allows other scientists to better judge methodology rather than
use uncertainty factors2. Until more accepted intake values are deter-
mined for sensitive populations, risk assessors should utilize conser-
vative factors to address and satisfy the public®s expectation of a high
degree of public protection.

Risk Assessment

Values for additional cancers were determined using the highest
reported water and sediment concentrations (Table 3 and 4). No calcu-
lated risk value approaches the 1.0 x 1077 additional cancer risk. The
highest risk value reported was 2.4 x 1078, With risk values so low,
it is impractical to consider synergistic or additive effects of exposure.
If these assumptions were to be incorporated into the risk estimate,
simple addition or multiplication may be a valid mechanism for risk
synergy. Thus, a theoretical mechanism for estimating the synergistic
effect is to multiply the largest risk values of each compound. Inclusion
of factors beyond simple multiplication for com pounds effecting dif-
ferent organ systems is unrealistic.

Hazard index (HI) values were all below unity (Table 8). In fact, some
HI values were below the significant place calculations. With the
exception of vanadium in the sediment of Pond A, no HI value
approached unity. The Superfund Public Health Evaluation Manual®
states: “It is emphasized that the hazard index is not a mathematical
prediction of incidence or severity of effects. It is simply a numerical
index to help identify potential exposure problems. Results for multi-
ple chemicals should not be interpreted too strongly. If some of the
indicator chemicals do not have adequate toxicity information, thus
preventing their inclusion in the hazard index, the hazard index may
not be reflective of actual hazards at the site. Consideration of chemi-
cals that do not have toxicity values could significantly increase the
hazard index to levels of concern. Professional judgement is required
to determine how to interpret the hazard index for a particular site.”

The addition of HI values within and between groups may provide
some insight to potential risks. These risks may be future classified
when a cumulative value is determined by addition from the same
source. These risk characteristics, called cumulative values, are defined
as follows:

<1- no hazard or risk

1 to 2-incrementally elevated or an acceptable risk

3 to 5-moderate concern for the sensitive population

5 to 10-moderate concern for the general population

>10-a concern requiring a planned action

>13-immediate concern for the public

Although these cumulative values are arbitrary and have not been

validated in actual population studies, they do provide a range in which
t0 judge a qualitative HI value risk. However, as with any non-threshold

estimate, judgment based on animal and epidemiological studies must
be considered when making a final determination. This judgmental
process becomes even more evident when evaluating Superfund sites
that contain low levels of contaminants.

Neither the carcinogenic or non-carcinogenic risks at the Chisman
Creek site are at levels of concern as related to the public’s safety.
Although some consider lead to be a no-threshold element, most other
elements have dietary importance. Incorporation of an element’s essential
dietary requirements usually is not considered in risk assessment.
However, increased levels of some compounds (e.g., selenium) may
be beneficial®.

Risk Assessment for Evaluating Action Alternatives

Since engineering design methods provide no evidence or guidance
in regard to health effects, the resultant remedial construction usually
is unrelated to risk assessment judgments. However, combining the
engineering design with desired health risks provides a useful selection
mechanism. The action alternatives should be based first on the ability
to achieve the desired risk. This risk must incorporate the surrounding
natural background concentrations, the exposure pathways and accept-
able level of toxicants. At low level sites the aesthetic values, public
pressures and cleanup costs usually are stronger considerations than
elevated public health risks. However, systematic and site-specific risk
determinations provide valuable information for the selection of remedial
actions and the level of cleanup and hazards associated with the actual
remedial construction.

CONCLUSION

This investigation provides additional guidance for determining action
alternatives at low level hazardous waste sites. When carcinogenic risk
assessments are below 107 and non-carcinogenic additive values are
below a cumulative value of 2.0, the importance of future site develop-
ment and costs become of greater importance. The selection of a remedy,
the level of cleanup and cost of cleanup should be directly related to
the cumulative non-carcinogenic risk and carcinogenic risk assessments.
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ABSTRACT

Most health risk assessments for Superfund sites combine a series
of high, upperbound or worst-case assumprions to derive a point esti-
mate of risk that is conservative, i.e., protective of public health. By
setting the bias high enough to dominate the uncertainty in each step,
such a risk assessment considers senarios that will rarely, if ever, happen.
In addition, the results from such a risk assessment have an unknown
amount of conservatism built into them. This paper presents a method
for uncertainty analysis using Crystal Ball™ for Monte Carlo simula-
tions. The program combines thousands of realizations for the proba-
bility density functions of each input variable yielding a final probability
distribution rather than a single number.

INTRODUCTION

Following guidance published by the U.S. EPA, most health risk
assessments for hazardous waste sites concatenate a series of high,
upperbound, or worst-case assumptions to derive a point estimate of
risk that is conservative, i.e., protective of public health.? > The U.S.
EPA is well aware that risk assessments need to include uncertainty
analyses and sensitivity analyses in every project. Through guidance
documents,” ? handbooks” and research reports,” * the Agency
requires uncertainty analyses in Superfund investigations and has
investigated algebraic and computational methods to meet those require-
ments. Unfortunately, the methods proposed to day have been too
cumbersome to accomplish the objective, so most risk assessments
prepared today include only a qualitative discussion of uncertainties.

MONTE CARLO METHODS

Monte Carlo simulations yield numberical estmates of uncertain-
ties." ® Until the recent arrival of powerful desktop workstations,
Monte Carlo simulations were too computationally expensive to have
practical application in public health risk assessments. Now, as work-
stations become readily available, it is appropriate to find efficient ways
to extend risk assessment methods to estimate point values as well as
distributions of health risk.*?

In the world of Monte Carlo techniques, most or all input variables
become random variables with known or estimated probability density
functions (called PDFs). [Equivalently, an input variable can be speci-
fied by a cumulative distribution function (CDF)}. Within this frame-
work, one or more variables can take on ranges of values with known
probabilities. For example, one could specify that an adult’s weight is
distributed as a normal random variable with a mean of 70 kg and a
standard deviation of 10 kg. In this world view, constants, like pi
(approximately 3.14159), remain fixed values.

Until recently, all Monte Carlo simulations were done using custom
software.* ¥ With the arrival of new forecasting software that works
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with a spreadsheet, e.g., Crystal Ball™” and @Risk™ ® Monte Carlo
calculations now can be designed and implemented as easily as
spreadsheet calculations.

RISK ESTIMATION USING CRYSTAL BALL™

For a Monte Carlo simulation for steady-state or equilibrium condi-
tions, the analyst uses ordinary algebra to describe the governing equa-
tions for souce strength, flow and fate of the contaminants, exposures
and toxicities—all to make a point estimate of the human health risk
in the Risk Characterization step of the risk assessment.

To illustrate the Monte Carlo method with a simplified example,
Exhibit 1 shows a spreadsheet for estimating the health risks to adults
weighing 70 kg who are exposed to eight carcinogenic and eight non-
carcinogenic polycyclic aromatic hydrocarbons (PAHs) over a 70-yr life-
time via the single pathway of chronic inadvertent ingestion of soil
containing 100 mg/kg of each compound. The spreadsheet uses these
formulae to calculate: (1) the estimated Incremental Lifetime Risk and
(2) the estimated Hazard Index from the exposure:

ILR = Conc ® Ing = BAF ¢ CPF ()]
BW e 1 E+6
HI = Conc ® Ing ®* BAF (

BW ¢ RfD e | E+6
where:

ILR = Incremental Lifetime Risk of Cancer from Exposure
(0 < probability < 1)

HI = Hazard Index from Exposure
(0 < fraction)

Conc = Concentration of the Compound in the Soil
(mg/kg)

Ing = Mass of Contaminated Soil Ingested per Day
(mg/d)

BAF = BioAvailability Factor (relative to water)
(0 < fraction<1)

CPF = Cancer Potency Factor of the Compound
(inverse mg/(kged))



RfD = Reference Dose for the Compound
(mg/(kged))

BW = Body Weight
(k)

1.E + 6 = factor to make units commensurable

Using reference doses (RfDs) and relative cancer potency factors
recently developed,™ * using the assumption that each person inadver-
tently ingests 100 mg/d of the contaminated soil and using the assump-
tion that the relative bioavailability of the PAHs from the soils is 0.5,
the spreadsheet calculates that a person has a estimated Incremental
Lifetime Risk of cancer of 2.2-03 (probability point estimate) and an
estimated Hazard Index of 2.4E-01 from this single exposure pathway.
These point estimates are interpreted as protective of public health.
Without information on synergisms or antagonisms, the overall Risk
and Hazard Index are estimated by summing the values for each com-
pound across all pathways. Following a short qualitative discussion of
uncertainties inherent in the different variables, most risk assessments
would stop with these point estimates.

The Monte Carlo method continues with several additional steps, all
keyed into the existing spreadsheet. First, the analyst determines (con-
tinuous or discrete) probability density functions? to describe each
variable included in the uncertainty analysis. In this step, the analyst
must also determine if any correlations exist among the input varia-
bles and make appropriate calculations if they do. Second, using soft-
ware such as Crystal Ball™ the analyst makes a large number (say, 2,000
to 5,000) of “‘realizations” of the model. Third, the analyst views the
results to establish: (1) the range of results, (2) the shape of the distri-

ICF Random
Published Vanate
Conc Oral Unit Oral
PAH in Soil RiD Normal RD
(mgkg) (mgkgd) (V)  (mgkgd)
PAH Compounds Cansidered Potentially Carcinogenic
benzo(a)pyrene 100 1.0E-02 0.0 1.0E-02
benzo(a)anthracene 100 1.0E-02 0.0 1.0E-02
benzo(b)fluoranthene 100 1.0E-02 0.0 1.0E-02
benzo(k)fiuoranthene 100 1.0E-02 0.0 1.0E-02
indeno(1,2,3-cd)pyrene 100 1.0E-02 0.0 1.0E-02
chrysene 100 1.0E-02 0.0 1.0E-02
dibenzo(a,h)anthracene 100 1.0E-02 0.0 1.0E-02
benzo(ghi)perylene 100 1.0E-02 0.0 1.0E-02
PAH Compounds Not Considered Potentially Carcinogenic
naphthalene 100 5.0E-03 0.0 5.0E-03
fiuorene 100 5.0E-03 0.0 5.0E-03
anthracene 100 5.6E-04 0.0 5.6E-04
phenanthrene 100 7.0E-03 0.0 7.0E-03
fluoranthene 100 2.0E-02 0.0 2.0E-02
pyrene 100 1.5E-02 0.0 1.5E-02
acenaphthylene 100 1.0E-02 0.0 1.0E-02
acenaphthene 100 2.0E-01 0.0 2.0E-01
Assumptions:
Adult Soil
Weight Ingestion  Bioavail Toggle NC
(k) (mgd)  (rato) (0 1)
70.0 100.0 0.5 0.0

bution of results and (3) appropriate statistical summaries of the results,
such as the arithmetic average, the median and various quantiles™ 6.

In terms of the spreadsheet in Table 1, the Monte Carlo technique
approximates the PDF for the final estimate after assigning PDFs to
some or all of these input variables: (1) the body weight, (2) the volume
of soil inadvertently ingested each day, (3) the relative bioavailability
of the PAH from the soil and/or (4) the CPFs and RfDs. Because the
input variables enter the formulae by multiplication and division (and
subsequent summation), and because some or all of the input varia-
bles may not have normal distributions, the PDF for the final estimate
is, in general, nonGaussian in shape.

SPECIFICATION OF DISTRIBUTIONS
FOR THE INPUT VARIABLES

To illustrate the method, we have estimated the PDFs for the
Incremental Lifetime Risk and Hazard Index for several scenarios using
these assumptions: First, the weight of an adult is normally distributed
with a mean of 70 kg and a standard deviation of 10 kg.* Second, the
amount of soil that an adult inadvertently ingests each day is lognor-
mally distributed with a log mean of 3 units and a log standard devia-
tion of 1 unit. In keeping with LaGoy,* this PDF sets the mean
ingestion at 33 mg/day and sets the 93 percentile of ingestion at 100
mg/day. Third, based on professional judgment, the relative bioavaila-
bility is represented by a triangular distribution with vertices at 0.2,
0.5 and 0.6. Fourth, the CPFs and RfDs are independently distributed
as lognormal variates, as discussed in the appendix.

By assumption, each of these distributions is statistically indepen-
dent of the others. Each of these assumptions is reasonable (or not un-
reasonable) in view of the current knowledge and belief. We do not
offer detailed justifications for each of the assumption here because

EPA ICF (Random Estimated Estimated Estimated
Published Relative Vanate) Bioavailable Hazard Incremental
Oral Potency Unit Oral ADD (lite) Index Lifetime
CPF Normal CPF Risk
(mg/kged)-1 (ratio) (rv)  (mg/kged)-1 (mg/kg-d) (frac) (frac)
1.15E+01 1.00E+00 0.0 1.15E+01 7.14E-05 7.1E-03 8.2E-04
1.45E-01 0.0 1.67E+00 7.14E-05 7.1E-03 1.2E-04
1.40E-01 0.0 1.61E+00 7.14E-05 7.1E-03 1.2E-04
6.60E-02 0.0 7.59E-01 7.14E-05 7.1E-03 5.4E-05
2.32E-01 0.0 2.67E+00 7.14E-05 7.1E-03 1.9E-04
4.40E-03 0.0 5.06E-02 7.14E-05 7.1E-03 3.6E-06
1.11E+00 0.0 1.28E+01 7.14E-05 7.1E-03 9.1E-04
2.20E-02 00 2.53E-01 7.14E-05 7.1E-03 1.8E-05
7.14E-05 1.4E-02
7.14E-05 1.4E-02
7.14E-05 1.3E-01
7.14E-05 1.0E-02
7.14E-05 3.6E-03
7.14E-05 4.8E-03
7.14E-05 7.1E-03
7.14E-05 3.6E-04
Sums -->> 2.4E-01 2.2E-03
Toggle C
(011)
0.0
Table 1

Sample Spreadsheet for Estimating Health
Effects from Ingesting Soil Contaminated
with PAHs
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our primary focus is to demonstrate a new computational framework.
At this time, we investigate the effects of these assumptions without
further justification. However, we have additional research underway
to refind, support and document the assumptions.

RESULTS

Printed from Crystal Ball™, Figure | shows the histogram of esti-
mated risk with the assumptions that body weight, soil ingestion and
bioavailability are represented by the PDFs in the previous section and
that the CPFs and RfDs are point values. Similarly, Figure 2 shows
the histogram of estimated risk with the assumptions that body weight.
soil ingestion, bioavailability, CPFs, and RfDs are all random variates
described by the PDFs in the previous section.

Forecast: Sum of Risk

Summary: Confidence Level is 1.008+2% based on Entire Range
Confidence Range is from s {0 +=e
Display Range is trom 0 00e+0 to 1.00e-2
Entire Range Is from 1.16e-5t0 1.319-2
Afler 3e+3 Trials, the Std. Eror of the Mean is 1.72e-5

Statistics: Display Range Entire Bange
Tdals 3643 3043
Percent of Other 9.990+1 1.000+2
Mean 68504 693e-4
Median 3.97¢-4 {unavallabie)
Mode 8.33e-5 {unavailable)
Standard Deviation 8.950-4 9 430-4
Varnance 8.00e-7 8 89e-7
Skewness 3.91e40 {unavallable)
Kurtosis 2.490+1 {unavailable)
Range Width 1.00e-2 1.30e-2
Range Minimum 0.00e+0 1.160-5
Range Maximum 1.00e-2 1.3te-2
Mean Sid. Error 1.630-5 1.72e-5

Forecast: Sum of Risk
Cell M38 frequency Distribution 2,998 Trials
5.871e 176

= -
= =
z 2
e c
- ®
- 2
1 [x)
[ <«

00 b ‘ 0

0.00e+0 2.500-3 5.00e-3 7.50e-3 1.000-2

Figure 1
Histogram for Estimated Incremental Lifetime Cancer Risk
with Three Exposure Variables as Random Variates

These two graphs show the results of several thousand simulations
to quantify the uncertainties. For the type of health risk calculations
investigated here, Monte Carlo simulations with inputs described by
random variables yield strongly nonGaussian distributions for estimated
health risk. As the number of random inputs increases, the histogram
for the health risk becomes increasingly nonGaussian and the relative
standard deviation increases.

Table 2 presents statistics for the deterministic case and five probabilis-
tic cases, demonstrating the effects of turning one input at a time into
a random variable. For example, the 95-percentile estimate of the overall
cancer risk in the last numerical column is 6.75E-04, less than the con-
servative point estimate of 2.20E-03 in the deterministic case in the
first numerical column.

Based on theoretical considerations, on the practical experience and
on the simulations reported here, we find that the greatest uncertainty
in the shape and location of the PDF for estimated human health risk
comes from the uncertainties in the shapes and positions of the PDFs
for toxicities.
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Forecast: Sum of Risk

Summary Confidence Level is 1 00e+2% based on Entire Range
Confildence Range Is Irom - 10 s=e
Display Range is from 0.00e+0 to §.000-2
Entire Range is from 7.76e8-7 to 4.87¢-3
Adter 56+3 Trials, the Std Esror of the Mean is 4.380-8

Statistics Display Rangs
Trals 5043 S043
Percent of Other 1 00e+2 1.00042
Mean 1.83e¢-4 1.83e4
Median 8.840-5 8.84e-5
Mode 1 670-5 1.67¢-5
Standard Deviation 3 10e-4 3.10e4
Variance 9.60e-6 9.60e-8
Skewness 5 43e+0 543640
Kurtosis 4.83¢+1 483041
Range Width 1.00e-2 4.870-3
Range Minmum 0.000+0 7.76e-7
Range Madmum 1.00e-2 4.870-3
Mean Std. Ervor 4.380-6 4.380-8
forecest: Sum of Risk
Cell M38 frequency Distribution 5,000 Trials
2.140e 1070
=/ -
-~ =~
z ]
] c
- ®
ry 2
- Ll
- '
0.0 T 0
0.00e+0 2.50e-3 §.00e-3 7.50e-3 1.00e-2

Figure 2
Histogram for Estimated Incremental Lifetime Cancer Risk
with Three Exposure Variables and Two Toxicities as Random Vanates

Table 2
Summary of Scenarios for Cancer Risk from
Ingesting Contaminated Soil
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APPENDIX: GENERIC DISTRIBUTIONS FOR CPFs AND RiDs

Carcinogens: For their CPFs for compounds tested in small mammals,
the U.S. EPA commonly sets the value as the 95% upperbound of the
slope, scaled to human adults, of the linearized multistage model relating
the dose administered in the laboratory and the toxicological response
in test mammals.” From Agency publications, it is not possible o
infer the underlying probability distributions from which the published
CPFs represent the 95% upper confidence limits. In the absence of data
or knowledge on the shape of the underlying distribution for CPFs in
humans, it is possible to hypothesize a variety of distributions, one of
which is investigated in this paper.

The lognormal model for a generic CPF distribution is based on
research by Crouch and his colleagues™ % and on the often spoken
statement that the uncertainty in the variate may be as large as a factor



of 10 above the central measure and as low as a factor of 10 below the
central measure of the distribution. This suggests a lognormal model
for the underlying distribution. By fixing two standard deviations of
the logarithm of the random variate at 10, and by scaling the distribu-
tion so the 95% fractile of the cumulative distribution function falls
at the published CPF value, this function has the appropriate properties:

x1~(CPF / 6.645) * exp [ 1.1513 ® N(O,) ] 3)

Non-Carcinogens: Similarly, the U.S. EPA commonly establishes
RfDs for compounds that are one, two, three or four orders of magni-
tude below NOAEL values from animal experiments. One of the factors
of 10 accounts for inter-individual variability in susceptibility. Hattis
and his co-workers® have found that some inter-individual suscepti-
bilities are distributed lognormally. On the assumption that four standard
deviations of the logarithm of susceptibility equal a factor of five and
that two standard deviations above the mean of the logarithm of the
susceptibility fall at the factor of 10 used by the U.S. EPA, this func-
tion has the appropriate generic properties:

x2~(2.236 * RfD) / exp [ 0.402 * N(0,1) ] C))]
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ABSTRACT

A thorough assessment of the health risks posed by hazardous waste
sites requires that the chemical pollutants present be well characterized.
Because the typical “Target Compound List” analysis provides for the
specific determination of only 126 organic compounds, the identification
of any other chemicals amenable to GC/MS analysis depends upon them
being reported as **Tentatively Identified Compounds™ (TIC). Proper
identification of such TICs can be critical to the completeness of site-
specific risk analysis.

TICs are non-target compounds found during a GC/MS run, which
are identified solely by a reverse search of their mass spectra versus
the NIST/EPA/MSDC mass spectral library. Because no use currently
is made of GC retention time data in identifying TICs, the identifi-
cations are less accurate than for target compounds. Given the increasing
interest in using TIC data in risk analysis and other Superfund-related
activities, the Contract Laboratory Program (CLP) has begun to im-
prove the process by which TICs are identified. The first step will be
to make better use of the GC retention time data.

This paper reports the analysis of GC retention time data for TICs
in the CLP Analytical Results Database (CARD). CARD is the com-
puter data base in which organic and inorganic analysis results generated
by CLP Laboratories for Superfund are stored. We have applied the
retention index (RI) system of Lee et al.’ to the semi-volatile TIC data
in CARD in order to validate the TIC data and to test the RI System
for use in TIC data reporting and review. Lee’s RI system is based on
polycyclic aromatic hydrocarbons (PAH) where the index values are
naphthalene = 200, phenanthrene = 300, chrysene = 400 and picene
= 500.

CARD has data on the GC retention times of TICs and on those of
naphthalene-d8, phenanthrene-dl0 chrysene~d12 and perylene-d12 which
are internal standards added to cach sample. This database enabled us
to directly calculate RIs for all TICs which eluted between naphthalene-
d8 and perylene-dI2. Preliminary comparison of the Rl data from the
TICs to the RI values reported by Lee, et al., shows excellent agree-
ment. Retention indices for non-target PAH were generally within five
points of the expected values. Many non-PAH compounds also showed
statistically well-behaved RIs which agreed with those from U.S. EPA
method 1625C.

INTRODUCTION

The organic chemical analysis methods currently specified by
Superfund’s Contract Laboratory Program (CLP) provide for the
analysis of 126 target compounds (the **Target Compound List" or TCL)
by gas chromatography (GC) and GC-mass spectrometry (GC-MS).
Up to 30 “tentatively identified compounds” (TICs) per sample must
also be reported by comparison of the mass spectra of non-TCL peaks
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in the GC-MS chromatograms to the approximately 40000 to 50000
mass spectra in the NIST/U.S. EPA/MSDC data base. Because no ac-
tual chemical standards are routinely used to confirm the identity of
TICs and because the amount of time that can be devoted to spectral
interpretation in commercial, production-oriented laboratories is limited,
both the identity and concentrations of reported TICs are far less accurate
than they are for the target compounds.

CLP management recognizes that the proper identification and
reporting of tentatively identified compounds is becoming a more im-
portant issue. For example, thorough risk assessment at hazardous waste
sites depends on the proper identification of potentially toxic compounds.
Also, TIC data are being used to fulfill studies mandated under the
Superfund reauthorization, such as the listing of the 275 most common
toxic substances found at waste sites, which is being conducted by the
Agency for Toxic Substances and Disease Registry. TIC identifications
must be reliable if policy decisions are to be made using them.

To address the need for better TIC data reporting, the CLP estab-
lished the Tentatively Identified Compounds Improvements Workgroup
at its Organics Conference in October, 1988 The Workgroup is respon-
sible for devising methods for more reliable identification of non-target
compounds; it consists of members from the U.S. EPA and other govern-
ment research laboratories and U.S. EPA Regions, the laboratory com-
munity, instrument manufacturers and other interested parties.

One area being explored by the Workgroup is the use of Retention
Index (RI) systems based on the use of GC retention time data. Under
a given set of conditions, the Retention Index is a predictable charac-
teristic of a given compound and can be used to identify it. The use
of Retention Indices is particularly attractive, since GC retention time
duta for TICs currently are reported by CLP laboratories in computer-
readable form (diskette) and since no systematic use currently is made
of GC retention time data to identify TICs. Thus the number of pieces
of data used to identify TICs can easily be increased from one (mass
spectrumy) to two (mass spectrum and retention index).

This paper will consider the use of a Retention Index system based
on Polycyclic Aromatic Hydrocarbons (PAH) to evaluate data from semi-
volatiles analysis.

METHODS

The PAH Retention Index system was first proposed in 1979 by Lec
et al.,' and was extended by Willey, et al..? and Vassilaros, et al.."
Whalen-Pederson and Jurs* devised a system to predict the Retention
Index of a PAH using molecular structure descriptors. More reccnﬂQ'»
the prediction of Retention Indices by multivariate regression analysis
of molecular structure descriptors has been extended to mononitrated
PAHs and polychlorinated biphenyls by Robbat and co-workers*.

The PAH Retention Index system is based on naphthalene (RI=200),
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1H-Indole
Isoquinoline
Azulene
Naphthalene,

1-methyl-

Quinoline, 2-methyl-

1,1’-Biphenyl

Naphthalene,
Naphthalene,

. Naphthalene,
. Naphthalene,
. 1,1'-Biphenyl, 2-methyl-
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. 1,1’-Biphenyl, &4-methyl-

. Naphthalene, 2,3,6-trimethyl-
. 9H-Fluorene, 9-methyl-

. 3H-Indeno<l,2-b>pyridine

. Anthracene, 9,10-dihydro-

. 9H-Fluorene,
. 9H-Fluorene, l-methyl-

. 9H-Fluoren-9-one

. Dibenzothiophene

., Acridine

. 9H-Carbazole

. Dibenzothiophene, 4-methyl-

. Naphthalene, 1-phenyl-

. Phenanthrene, 3-methyl-

. Phenanthrene, 2-methyl-

. Anthracene, 2-methyl-

. Terphenyl

. 4H-Cyclopenta<def>phenanthrene
. Phenanthrene,
. Phenanthrene, 4-methyl-
. Anthracene,
. Phenanthrene, l-methyl-
. 9,10-Anthracenedione

. Naphthalene, 2-phenyl-
. Phenanthrene,
. Phenanthrene, 2,7-dimethyl-
. 9-Anthracenecarbonitrile

. 11H-Benzo<a>fluorene

. Phenanthrene, l-methyl-7-

dimethyl-
-dimethyl-
1,2-dimethyl-
1,8-dimethyl-

2-methyl-

9-methyl-

l-methyl-

-3,6-dimethyl-

(1-methylethyl)-

. 11H-Benzo<b>fluorene

. Pyrene, 4-methyl-

. Pyrene, 2-methyl-

. Pyrene, l-methyl-

- Benzo<b>naphtho<2,1-d>thiophene
. Benzo<ghi>fluoranthene

. Benzo<c>phenanthrene

- Benzo<b>naphtho<l,2-d>thiophene
- Cyclopenta<cd>pyrene

» Triphenylene

- Benz<a>anthracene, ll-methyl-

- Benz<a>anthracene,
. Benz<a>anthracene, 8-methyl-
. Chrysene,
. Benz<a>anthracene, 12- -methyl-
- Chrysene, 5-methyl-

. Benz<a>anthracene, 7- -methyl-
+ 2,2'-Binaphthalene

- Benzo<j>fluoranthene

. Benzo<e>pyrene

l-methyl-

3-methyl-

Table 1

Literature Retention Indices and Tentatively Identified

CAS No,  Number

95158
120729
119653
275514
90120
91634
92524
939275
1127760
581420
582161
643583
575417
575371
575439
581408
571584
571619
573988
569415
644086
829265
2523377
244995
613310
1430973
1730376
486259
132650
260946
86748
7372885
605027
832713
2531842
613127
26140603
203645
883205
832644
610480
832699
84651
612942
1576676
1576698
1210124
238846

483658
243174
3353126
3442782
2381217
239350
203123
195197
205436
27208373
217594
6111780
2498773
2381319
3351313
2422799
3697243
2541697
612782
205823
192972

4
149
48

304

312.
312,
315.
319.
320,
321,
321.
322,
323.
323.
323,
323.
330.
332,
337.
339.
350.
366.

368.
369.
369.
370.
373.
389.
389,
391.
392.
396.

400

412.
414,
417.
418,
419.
419,
423.
423,
440,
450,

202.
222.
210.
.67
225.
224,
237.
239,
240.
241,
241,
275.
244,
243,
241,
244,
245,
241.
244,
244,
273.
262.
289.

200

309

285.
288,
288,
294,
296.
309.
309.
312.
312,
320.
319,
320,
385.
323.
321.
323,
320.
320.
331.
330.
337.
333.
360.
367.

366.
367.
370.
370.
367.
390.
391,
391,
390.

403:
413.

407

416.
417,
414,
415,
424,
451.
450,

28
28
04

42

Compound Retention Indices
Liter RI Median Differl Hean Differ2 STD _DEV Minimum

201.
205.
215.
219.
221.
224,
233,
236.
236.
237.
237.
238,
240,
240,
240,
243,
243,
244,
246,
249,
254,
263.
272,
279.
284,
288,
289,
294,
295.

-0.81
-17.02

19.28

-4.38
-0.45

.17

-10 32
-0.23

202,
221,
210.
200.
225.
224,
237.
242.
240,
242,
242,
275.
243,
243,
241,
244,
246,
241.
245,
245,
274,
263.
289.
309.
286.
288,
288.
294,
296.
308.
309.
312,
329.
320.

320

320.
385.
323.
320,
322.
320.
321,
330.
330.
338,
336.

366.

366,
366.
371.
370.
368.
390.

392

395,
389.
394.

413,
417,

416.
417.
414,
414,
426,
450.
450,

Polycyclic Aromatic Hydrocarbons and Heterocyclics Comparison of

5
61
88

-1.03
-16.35
4.73
19.27
-4.23
-0.47

-0.86

-14.54

1.09
-63.6
-1.54

-0.18

-3 07

0.33
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202.
220.
208,
200.
219,
222.
233,
234,
239,
241,
241,
273,
239,
240,
238.
240,
242,
240.
241,
241,
272.
261,
288.
307.

285

287.
287.
293,
295.
307.
306.
312,
312.
318.
319.
316.
384,
319.
318.
316,
318.
31s5.
327.
329,
335,
333.
359.
362.

364.
362.
363.
366.
363.
389.
390.

390

386.
391.
401.
412,
412.
404,
412,
415,
413,
412.
423.
442,
444,

Maximum

210,
222,
214,
200.
234,
228.
238.
250.
241,
244,
245.
276.
250,
246,
‘244,
250,
250.
244,
250.
250,
275.
267.
289.
310,
289,
290.
288.
296,
298.
309.
312,
312,
356.
324.
322.
324.
386,
329.
324,
327.
323,
326,
333.
331,
342,
341,
360,
372.

368.
370.
375.
374,
374.
391,
394,
404,
391.
398.
404,
414,
422,
407.
421,
421,
415,
416.
433,
455,
453,
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phenanthrene (RI=300), chrysene (R1=400) and picene (RI=500). ’l“he
Retention Index is calculated by interpolation between the bracketing
standards:
(RT —-RT,)
Rl _ |00 X UNKNOWN z + |00(Z) (])
(RTZH - RTZ)

where RT, and RT,, are the retention times of the standards before
and after the unknown and Z is 2 for naphthalene, 3 for phenanthrene
and 4 for chrysene.

The semi-volatile analysis method used by the CLP (based on U.S.
EPA Method 625) employs the perdeuterated analogues of naphthalene,
phenanthrene and chrysene as internal standards; perdeuterated pery-
lene (R1-456.22) is also an internal standard. These internal standards
are added to all semi-volatile samples for quantitation purposes. The
retention times of all of these internal standards, as well as of all TICs
and all other results and QC data, are reported on floppy diskette by
CLP organics laboratories. Prior to uploading the diskette data to the
CLP Analytical Results Database (CARD), the data are stored in SAS
(Statistical Analysis System) files on the U.S. EPA mainframe com-
puter at Cincinnati, Ohio. An extract was made from these files which
contained the Chemical Abstracts Service Registry number (CAS
Number) and retention time of all semi-volatile TICs reported and the
retention times, from the same samples, of the four internal standards
mentioned. Only data for which valid CAS numbers was reported was
retained. Retention Indices were then calculated using Equation 1 and
the four perdeuterated internal standards as retention index markers.
For compounds eluting between chrysene and perylene, Equation 1 was
modified so that the retention time term was multiplied by 56.22, not
100. The calculated Retention Indices were analyzed using the SAS
procedure UNTVARIATE and were compared to the values in references
1 to 3. Table 1 shows the result of this analysis, including the name
and CAS number of reported PAHs and heterocyclic compounds, the
number of times each was reported as a TIC, the trimmed mean (12
standard deviations) of the Retention Index, the standard deviation of
the RI, the median, minimum and maximum RlI, and for comparison,
the literature value of the RI.

RESULTS
PAH and related compounds

Of 878 semi-volatile TICs reported in the CARD data (through Aug. |,
1989) which were reported to elute between naphthalene and perylene,
69 PAHs had RI values reported in the literature.’* Agreement be-
tween the literature values for Rls and the means and medians from
the CARD data is quite good, especially considering that the Rl sys-
tem was not originally used in reporting the data. This result may be
due in part to the fact that condensed aromatic compounds such as these
have mass spectra with strong molecular ions, which would tend to make
library searching more reliable. Inspection of Table 1, which is sorted
by the literature value of the RI, shows that similar compunds (e.g.,
ethylnapththalenes/dimethylnaphthalenes or methylanthra-
cenes/methylphenanthrenes) have not been completely distinguished
from each other by library matching alone. The mean and median Rl
values calculated from CARD for compounds in these groups appear
to be average values for the entire groups. If the retention indices for
such groups are plotted, multi-modal distributions indicative of the
presence of several compounds are obtained, as in Figure 1. On the
other hand, 1-phenylnaphthalene (33) and 2-phenylnaphthalene (44) are
nicely distinguished.

There are eight PAH compounds for which agreement between the
literature RI values and those calculated from CARD is poor. These
are SH-indeno (1,2-b) pyridine, 4-methylbiphenyl, 2-methylbiphenyl,
9-methylfluorene, indole, 8-methylbenz(a)anthracene, terphenyl and
azulene. The possible reasons for the poor agreement include crrors
in library matching, variations in the initial GC oven temperature and
changes in the chemical nature of the stationary phase with extended
use. It also appears that azulene may be confused with napthalene, and
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Retention Indices for C2-naphthalenes

indole with methylquinoline.

Regression analyses of the literaure RI values for PAHs versus the
median Rls from CARD were conducted using the SAS procedure PROC
REG. When the regression was performed on the median Rl of all 69
compounds versus the literature values, the explained variance was
97.55% . Removel of the eight compounds, mentioned above, for which
the residual was over 10 index points, resulted in an explained variance
of 99.75% . Clearly there is a strong relationship between the literature
RI values and those calculated from CARD. This suggests that most
of the 69 compounds in Table | have been correctly identified, at least
at the structural isomer level.

These results show that systematic application of the PAH Retention
Index system, by contract laboratories, in conjunction with mass spectral
library searching, might resuit in greatly enhanced qualitative identifi-
cation of non-target compounds. Better quantitation would depend oa
methods for better estimating calibration response factors.

Non-PAH Compounds

The utility of this Rl system would be greatly improved by extending
it to non-PAH compounds. Retention time information for many com-
pounds which are not on the CLP Target Compound List has been
published in the Office of Water's method 1625C° and in method 525
for drinking water® Retention indices were calculated from the
method 1625 data for 23 compounds and compared to those from the
CARD data; the results are presented in Table 2.

The poor Rl matching for some of the normal alkanes is probably
a result of poor library matching due to the similarity of al! alkane spec-
tra. In contrast to PAHs, alkanes have a very weak or no molecular
ion, with a characteristic “*hydrocarbon™ spectrum which does not vary
much for alkanes above hexane. Note, however, that the retention Index
from method 1625C is within the reported range from CARD for all
of the alkanes.

Other compounds in Table 2 show better agreement between the
method 1625C Rl and the values from CARD. The exceptions are
1,2,4,5-tetrachlorobenzene and squalene. both of which suffer from
small samples, and 7H-benz < de > anthracen-7-one(benzanthrone). The
PAH Retention Index system ought to be as useful for non-PAH com-
pounds as is any other system; example of such a system is one based
on n-alkanes, as is the Kovats index. The traditional Kovats index is
not applicable to the CLP semi-volatile method. since the CLP method
is a temperature-programmed GC method, whereas the Kovats index
is used for isothermal GC methods. Retention time data from Revision
1 (12/87) of RCRA method 827" were examined and were found to
be in conflict with method 1625C and the CARD data. The use of
method 8270 as a reference for retention time data is not recommended.

Table 3 gives the RI of other method 1625C compounds which wer¢
not found in the CARD TIC data, and Table 4 gives RI date from the
drinking water method 525. with means and medians from CARD.
Agrecment between method 525 and the CARD data is quite good.



Table 2
Miscellaneous Compounds from Method 1625C
Comparison of Method 1625C Retention Indices
And Tentatively Identified Compound Retention Indices

Compound CAS No Number RI-1625C
alpha-terpineol 98555 5 201.95
Dodecane 112403 44 202.93
Benzene, 1,2,3-trichloro- 87616 6 206.5
1,3-Benzodioxole, 5-(2-propen 94597 10 220.65
Benzene, 1,2,4,5-tetrachloro- 95943 2 228.94
1,3-Benzenediamine, 4-methyl- 95807 3 236.42
Tetradecane 629594 55 239.02
Benzene, 1,1l’-oxybis- 101848 17 241.14
longifolene 475207 3 242.6
2,6-di-t-butyl-p-benzoquinone 719222 15 250.41
Benzene, pentachloro- 608935 9 261.3
2-Naphthalenamine 91598 2 266.34
Benzothiazole, 2-(methylthio) 615225 3 273.5
Hexadecane 544763 217 282.28
Octadecane 593453 65 300.4
Eicosane 112958 81 319.68
Benzidine 92875 18 354.67
Docosane 629970 87 361.83
Tetracosane 646311 29 388.87
Squalene 7683649 3 391.65
7H-Benz<de>anthracen-7-one 82053 53 405.24
Hexacosane 630013 51 413.85
Octacosane 630024 140 440.07
Table 3
Retention Indices Of Other Method 1625C Compounds

CAS No. Compound ﬂa __I_b
614-00-6 N-nitrosomethylphenylamine 206.88 206.33
1888-71-7 hexachloropropene 208.13 207.47
121-73-3 3-chloronitrobenzene 208.94 208.28
700-12-9 pentamethylbenzene 219.51 218.83
108-46-3 1,3-benzenediol 220.32 219.64
137-17-7 2,4,5-trimethylaniline 220.81 220.13
120-75-2 2-methylbenzothiazole 222.11 221.43
95-79-4 5-chloro-o-toluidine 222.43 221.75
634-36-6 1,2,3-trimethoxybenzene 226.83 226.14
608-27-5 2,3-dichloroaniline 232.03 231.33
3209-22-1 2,3-dichloronitrobenzene 240.81 240.10
130-15-4 1,4-naphthoquinone 242 .44 241.72
2027-17-0 2-isopropylnaphthalene 247 .32 246.59
100-25-4 1,4-dinitrobenzene 247.48 246.75
99-30-9 2,6-dichloro-4-nitroaniline 248.13 247.40
134-32-7 alpha-naphthylamine 264.23 263.47
96-45-7 ethylenethiourea 267.97 267.21
89-63-4 4-chloro-2-nitroaniline 274.47 273.70
99-55-8 S-nitro-o-toluidine 274.63 273.86
103-33-3 azobenzene 277.40 276.62
122-39-4 diphenylamine 277.40 276.62
62-44-2 phenacetin 289.27 288.47
92-67-1 4-aminobiphenyl 295.61 294.81
23950-58-5 pronamide 300.00 299.19
882-33.7 diphenyldisulfide 308.95 308.00
92-93.3 4-nitrobiphenyl 312.13 311.20
86-74-8 carbazole 314,31 313.40
2243-62-1 1,5-naphthalenediamine 319.48 318.60
91-80-5 methapyrilene 340.36 339,60
92-84-2 phenothiazine 343.34 342.60
1700-17-6 crotoxyphos 348.51 347.80
492-22-8 thioxanthone 351.29 350.60
60-11-7 p-dimethylaminoazobenzene 368.39 367.80
101-14-4 4,4’ -methylenebis(2-chloroaniline) 400.42 400.00
119-90-4 3,3’ -dimethoxybenzidine 401.89 401.48
72-33-3 ethynylestradiol 3-methylether 426.85 426.63
87-65-0 2,6-dichlorophencl 202.93 202.27
933-75-5 2,3,6-trichlorophenol 237.72 237.01
58-90.2 2,3,4,6-tetrachlorophenol 266.34 265.58
1689-84-5 2,5-dibromo-4-hydroxybenzonitrile 284.23 283.44

-
referenced to naphthalene- d8 . phenanthrene- le , chrysene- dl.2 , perylene

referenced to naphthalene, phenanthrene, chrysene, perylene

Median Differl Mean  Differ? STD_DEV Minimum Maximum
200.95 1 202.02 -0.07 2.56 200.71  206.6
202.57 0.36 211.02 -8.09 14.55 200.58 258.54
206.17 0.33 206.18 0.32 0.17 205.98 206.4
221.27 -0.62 221 -0.35 1.16 219.5 222.31
237.25 -8.31 237.25 -8.31 0.48 236.9 237.59
237.2 -0.78  237.46 -1.04 0.89 236.73 238.45
238.28 0.74 246,27 -7.25 22,71 235,31 317.66
240.12 1.02 240.86 0.28 1.56 239.3 244 .89
242,92 -0.32  244.2 -1.6 2.23 242.89  246.78
250.77 -0.36 250.89 -0.48 0.78 249.88  252.17
261.14 0.16 261 0.3 0.65 259.98 262.05
264.44 1.9 264 .44 1.9 1.57 263.33 265.56
273.65 -0.15 273.85 -0.35 0.48 273.51 274.4
272.96 9.32 293.46 -11.18 42.12 239.98 413.27
297.42 2.98 298.06 2.34 5.72 276.67  325.14
331.89 -12.21 339.46 -19.78 25.54 303,52 420.75
350.73 3.94 350.86 3.81 1.05 348.96 352.96
362.09 -0.26 380.24 -18.41 37.05 302.92 455.11
381.45 7.42 383.42 5.45 5.57 375.04 394.07
439.55 -47.9 438.85 -47.2 4.75 433.8 443,21
386.68 18.56 389.18 16.06 3.81 382.79 396.82
403.82 10.03 355.44 58.41 70.91 216.13 434.7
421.01 19.06 391.74 48.33 56.62 268.1 454 .84
Table 4
Retention Indices Of Method 525 Compounds
Method 525 RI®*® GARD RI
Compound CAS No, A B Hean Hedian
2,3-dichlorobiphenyl 16605-91-7 282,57 285.14 -
simazine 122-34-y 288.86 290,72 - --
atrazine 1912-24-9 290.96 292.42 294.66 294,65
lindane 58-89-9 295.85 296.07 296.38 296.38
2,4,5-trichlorobiphenyl 15862-07-4 308.18 309.35 316.82 316.82
heptachlor 76-44-8 317.82 318.75 320.50 320.48
2,24 ,4' -tetrachlorobiphenyl 2437-79-8 324,81 326.92 - -
aldrin 309-00-2 328.21 329.17 -- .-
heptachlor epoxide 1024-57-3 340.43 342,24 343.19 343,15
2,2',3' 4 ,6-pentachlorobiphenyl 60233-25-2 343,31 346,32 -- -
gamma-chlordane 5103-74-2 347.73 350.00 -- -
alpha-chlordane 5103-71-9 352.48 354.90 -- -
trans-nonachlor 39765-80-5 354,18 356.54 .- --
2,2',4,4°,5,6-hexachlorobiphenyl 60145-22-4 360.96  364.71 - --
endrin 72-20-8 374.20 369.40 368.46 368.39
bis(2-ethylhexyl)adipate 103-23-1 388.63 389.83 384.28 383.70
2,2¢,3,3' ,4,4,6-heptachlorobiphenyl 52663-71-5 400.18  400.51  -- .-
methoxychlor 72-43-5 401.77 401.65 .- -
2,2'3,3',4,5,6,6' -octachlorobiphenyl 40186-71-8  402.48  402.34  -- -

2 Referenced to acenapthylene (RI~244.63) phenanthrene, chrysene, benzo(g,h,1i)perylene

(RI=501.

32).

b Columns A and B refer to the 2 temperature programs in Method 525.

CONCLUSIONS

The PAH Retention Index system is a promising candidate for the
improvement of “Tentatively Identified Compounds” reporting. Because
it uses compounds already present in the calibration mixture as reten-
tion time markers, it will not require major modification to the present
CLP semi-volatile method. The PAH RIs of hundreds of PAH and
heterocyclic compounds, which can be used to confirm the identity of
TICs without further laboratory work, are found in the literature.?
Tables 2,3 and 4 in this paper give additional RIs on non-PAH com-
pounds. Thus, data reviewers could begin to use the system immediately.

The ability to predict the RI based on molecular structure
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descriptors*® can short-cut the establishment of Rls for the rest of the
compounds in the NIST/EPA/MSDC mass spectral data base, by
eliminating the need to measure the retention time of all the 50,000
compounds in the data base.
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ABSTRACT

Employers of workers exposed to hazardous substances are faced with
a dilemma created, on the one hand, by a Congressional mandate to
“provide a safe workplace for their employees,” while, on the other
hand, striving to maintain profitability by cost-containment. The issue
is further complicated by a prevailing litigious climate generating far-
reaching precedents from civil and criminal prosecution. Considering
such external pressures, it is critical that employers incorporate an
effective medical risk-management program in their business plan. The
medical surveillance portion of that program is all too often treated as
just a “physical examination.” The long-term liability associated with
toxin-exposure/absorption-related disease dictates that the prudent
employer utilize available professional expertise and biological tech-
nology to design a compliant, cost-effective medical surveillance
program.

INTRODUCTION

This paper will discuss the changing relationships between public
sentiment, current regulations, the recent focus of the legal profession
on toxic torts and advances in today’s medical technology. The antiquated
view of medical surveillance as “‘just a physical examination” will be
compared to the necessity for a medical risk-management program that
embodies a comprehensive, well-designed medical surveillance program
for toxin-exposed employees. Finally, specific guidelines for the
employer will be discussed to facilitate the design and implementation
of a compliant, toxin-exposure medical surveillance program.

DISCUSSION

“For the first time in the history of the world, every human being
is now subjected to contact with dangerous chemicals, from the moment
of conception until death.” It may seem strange to start a paper regarding
medical surveillance with a quote from Rachel Carson’s Silent Spring.
The publishing of this book in 1962, however, was the catalyst for the
formation of the U.S. EPA in 1970 amidst strong public sentiment
regarding “poisoning of the planet” from chemicals. This land swell
of public concern over the health and environmental impact of chemi-
cals has progressively increased since 1970 and resulted in the passing
of CERCLA among other legislation. Public sentiment, with regard
to human exposure to chemical hazards, has gradually turned from fear
to anger toward those responsible. Deviant generators of chemical waste
and those who carelessly expose their employees to toxic chemicals
will have difficulty finding a sympathetic ear in today’s courtroom.

That management has injured employees as a result of either their
ignorance of health issues or their disregard for them is unquestioned.
One has but to look at Gaulley Gap, the radon dial painters of WWII
or, more recently, the Manville asbestos cases. The recent accelera-

tion of toxic torts, prosecution of corporate directors (The Chicago
Magnet Wire case) and even CERCLA itself is a direct result of such
ignorance and disregard.

Many of the current medical regulations regarding toxin-exposure
medical surveillance are in a state of flux and can be confusing. There
are generic guidelines but there also are specific standards for certain
chemicals and action levels that must be taken into consideration for
many others. Uncontrolled hazardous waste sites represent the poten-
tial for a multitude of health and safety concerns. The standards promul-
gated in 29 CFR 1910.120 regarding a health and safety program are
summarized in the Inter Agency Guidance Manual published in 1985
by NIOSH, OSHA, USCG and the U.S. EPA.

This manual assumes that a medical surveillance program will be
used to complement engineering controls, personal protective equip-
ment (PPE) and decontamination procedures. In addition, it assumes
that the average toxic waste site contains many unknown chemicals.
Even though site characterization may identify specific chemicals, it
must be assumed that other chemical hazards may exist. The manual
states, “The program should be designed by an experienced occupa-
tional health physician or other qualified occupational health consul-
tant in conjunction with the Site Safety Officer. The director of a site
medical program should be a physician who is board-certified in
occupational medicine or a medical doctor who has had extensive
experience managing occupational health services. If an occupational
health physician is not available. . . (the program). . .may be performed
by a local physician with assistance from an occupational medicine con-
sultant.”

The regulations divide a site medical program into surveillance, treat-
ment, record-keeping and program review. Medical surveillance includes
three types of examinations: (1) pre-employment screening (baseline);
(2) followup examinations (periodic); and (3) termination (exit) exami-
nations. It should be emphasized that the regulations clearly state, “Be-
cause conditions and hazards vary considerably at each site, only general
guidelines are given.” In most cases the final decision regarding the
details of the site medical program is left to the physician consultant.
These recommendations should be considered as minimal standards.
Most forward-thinking employers do not feel comfortable with the lia-
bility protection afforded by such standards.

Behind-the-scene changes rapidly are taking place in the regulatory
arena and the U.S. EPA is emerging as a dominant player in the
enforcement of environmental laws. OSHA, as an agency of the govern-
ment, acts slowly both in the promulgation and enforcement of laws,
and as of September 1989, the U.S. EPA is adopting the OSHA
hazardous site worker standards promulgated by 1910.120. Due to the
bureaucratic hierarchy, the U.S. EPA will now have the power to act
swiftly to enforce standards and prosecute violators. In addition, the
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U.S. EPA will have the ability to promulgate new standards more
effectively than OSHA.

To further complicate the picture, there are numerous other power-
ful and respected groups exerting pressure on Congress. Unions and
consumer advocacy groups are starting to take an active role in lobbying
and enforcement of specific worker protection standards. Professional
associations like the American Conference of Governmental Industrial
Hygienists (ACGIH) and the American Industrial Hygiene Association
(AIHA) are pushing for more stringent worker protection standards.
In particular, these groups are recommending that board-certified
occupational physicians should have the responsibility for designing
medical surveillance programs. In addition, they are insisting on a more
generic industry standard designed to stabilize the current fragmented
approach to biological monitoring.

The High Risk Notification Bill: California Proposition 65, complete
revision of OSHA's permissible exposure limits (PELS), changes in
hazardous waste transportation standards and revisions of the formal-
dehyde and benzene standards are just a few of the upheavals in this
industry. Many states are passing laws that are far more stringent than
their federal counterparts. Compliant health evaluation programs
designed for today could be obsolete by tomorrow. Only health profes-
sionals with a focus and expertise in this regulatory-driven industry
will be capable of designing and maintaining compliance-assured
medical surveillance programs that provide health protection for the
employee and maximum liability protection for an employer.

The escalation of litigation regarding on the job injury and disease
is reflective of the clout from the combination of public sentiment and
rapid changes in worker protection laws. The Chicago Magnet Wire
Case is an example of the extent of personal liability exposure and its
consequences. A recent large settlement against an employer was the
result of the plaintiff showing that benzene exposure can cause chronic
as well as acute leukemia (Skeen v. Monsanto Co. Feb. 21, 1989). This
case is a good example of the necessity for optimal environmental and
biological monitoring and good recordkeeping (the exposure to benzene
occurred in the mid-1970s). Benzene is a toxin that can be monitored
for absorption prior to the onset of disease. Not only is the frequency
of toxic torts increasing, but also the level of awards and punishment
are likewise increasing. At present, there is no reason to believe that
this trend will diminish. On the contrary, there is every indication that
it will accelerate in the foreseeable future.

The employer who is involved in the hazardous waste remediation
business must keep in mind several seldom considered facts when
planning for the health and safety of his employees. In the first place,
the general guidelines noted above were revised in 1985 but were actually
written in 1980. The sole purpose of the Inter-Agency Guidance Manual
was to provide a comprehensive guide for site safety. The Occupational
Health and Safety Act of 1970 clearly states that it is the responsibility
of the employer to provide a safe workplace. There is no qualification
with regard to the limitations of current technology, unforeseen chronic
adverse health effects or specific budgetary restrictions. In fact, some
interpretations hold the employer responsible regardless of the circum-
stances. The design of an effective medical risk management program
depends on the assumption that the employer is ultimately responsible
for worker health and safety, regardless.

MEDICAL EXPERTISE AND BIOMEDICAL TECHNOLOGY

Modern 20th century medicine is generally accepted to be excellent.
American medicine is thought by many to be the best in the world.
Both of these commonly accepted statements may be true, but they must
be evaluated relative to the end-point that would be considered the ul-
timate. That end-point, quite simply stated, is the prevention of disease.
Inarguably, medical authorities and the lay population would agree on
that issue. If our ultimate goal is prevention of disease, we are far from
achieving such a state.

Even the most conscientious employer will be met with frustrations
and limitations represented by the technological inadequacies of modern
medicine. In the hazardous substance exposure business, the primary
concern is absorption of chemicals through the skin, lungs, eyes, ears,
ingestion or penetration. If we had the ultimate diagnostic tool, we could
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scan an individual and detect even the most minimal absorption before
the onset of disease. Unfortunately, this tool is not available and in is
place we must rely on a very inexact vast human experiment. This ex-
periment constitutes the inadvertent exposure of large numbers of
humans to chemicals for an unknown period of time and monitoring
for the onset of disease. When disease is diagnosed, we must thep
retrospectively look backwards in the hope we can correlate some
exposure to the disease. At this point, it may be too late for the re-
habilitation of the individual to normal health, and it also may be too
late for the employer to convince an agency or jury of his innocence
regarding the employee’s injury or disease.

This discussion does not imply that we are unable to detect absorp-
tion with current medical technology. In many cases, we can, but the
ability to monitor a chemical in a biologic system is just now emerg-
ing. NIOSH recently announced that of the over 100,000 chemicals used
in manufacturing today, chronic adverse health effects are known to
occur with less than 20% of that number. The commonality of chemi-
cal pathways for metabolism and excretion is becoming clearly defined
and identified. In fact, we are advancing far more rapidly in the area
of absorption identification than in the area of treatment modalities for
existing absorption disease. (Consider, for example, lung cancer
resulting from absorption of asbestos).

The above description of the limitations of biological monitoring is
not designed to further confuse the reader, but rather to illustrate that
technological overkill in a medical surveillance program, in addition
to excessive cost, can be as fruitless as a “bare minimum™ approach.
It also points out the complex and dynamic nature of medical technology,
and the advances we may expect, in the early detection of chemical
absorption prior to the onset of disease. The object is to again empha-
size that only experienced environmental health professionals are capable
of staying abreast of these changes and translating this information into
maximum protection for the employer and employee.

THE MEDICAL SURVEILLANCE PROGRAM

How does this translate into practical information and guidelines for
the modern remediation firm? It is critical that employers in the
hazardous substances business recognize that a health surveillance
evaluation is more than just a physical examination. It is an integral
element in a plan, required by law and demanded by humanitarian prin-
ciples, and designed to protect workers from adverse health effects. . .to
attempt the prevention of discase as opposed to the discovery of dis-
ease. Just as the chain is only as strong as its weakest link, the sound-
ness of such a plan is only as effective as the most poorly planned and
executed element. If we accept the premise that a site health and safety
plan constitutes a risk-management program, then it logically follows
that the health surveillance element of that plan is critical in the over-
all effectiveness of the program.

Many Superfund sites are located in rural areas, and a remediation
firm may have multiple sites scattered around the nation. In all likeli-
hood, many of these sites will be in areas void of occupational physi-
cians trained and experienced in toxin-exposure medical surveillance.
It will be necessary to depend on local physicians for the surveillance
data. Because this situation is the rule rather than the exception, the
examination protocol, in addition to being standardized and thorough,
must be “user friendly™ and coordinated with concise clinic operations
manuals. This is the only mechanism by which the company's medical
data can be reliably obtained from multiple medical practitioners.

There are four basic sources of information utilized to design an
examination protocol for a medical surveillance program: (1) the em-
ployees’ exposure profile and working conditions, (2) current regula-
tions, (3) the company's philosophy toward worker health and safety
and (4) current technology. (Fig. 1). The examination protocol provides
procedural guidelines for the physician and his staff to complete a health
evaluation of each employee. The protocol should provide the physi-
cian with a completed personal and occupational history which he can
augment at his discretion. With the current technological limitations
in biological monitoring, the history provides, by far, the majority of
the information from the examination. It should be thorough, detailed,
designed with planned redundancy, and, by necessity, it must be long.



Because of its length, it must be completed with forethought and without
pressure before the employee presents himself for his medical evaluation.

Employee
Toxin-Exposure
Profile Employee

Job Description
Company
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Protocol Current

Current Design | Technology

Regulations [— & Research

(Advisory Board)
MEDICAL EVALUATION

o History

Data ¢ Laboratory & Physical Lemp Laboratory
i Measurements

o Physical Examination

Medical
Storage Review

Reports
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Conclusions

Figure 1
The Anatomy of a Toxin-Exposure, Health Surveillance Evaluation

Likewise, the examination protocol guides the physician in the hands-
on physical examination necessary to determine present state of health
and physical capabilities. In addition to programed responses (Yes or
No), it should encourage the physicians comments and suggestions.
Lastly, the protocol guides the medical staff in physical measurements
and ancillary tests like audiometry (hearing tests) and spirometry
(breathing tests). Clinic laboratory equipment used to measure breathing,
hearing, etc. must meet certain specifications by law. In addition, the
technician who operates the equipment must be certified according to
the standards. If these requirements are not met, the data obtained are
questionable. Likewise, the original test results must be kept in
retrievable fashion for 30 yr after termination.

The protocol should direct the medical team in the obtaining and
packaging of specimens (blood and urine) for mailing to a specific
laboratory. The selection of a reference and specialty laboratory to ana-
lyze blood and urine is critical to a sound medical monitoring program.
Although such services are widely available, there is considerable
variation in quality and reliability of results. A detailed discussion of
the vicissitudes of this industry is not appropriate for this paper. The
recurring theme is, again, the necessary reliance of the employer on
a carefully selected occupational physician for guidance in the selec-
tion of laboratory services.

The end-point of all the medical data (history, physical examination
anfi laboratory analysis) is review by the physician. It is here that the
axiom “garbage in, garbage out” is appropriate. If these data are not
extracted carefully, accurately and professionally, the results of the phy-
sician’s review could be erroneous. Equally as important, the company’s
financial outlay for medical surveillance could be wasted. Many
employers select physician consultants with little regard to qualifica-
tions. These consultants are selected to design and implement com-
Plex health monitoring programs simply because they work in a clinic

that provides general occupational medicine services. Enormous sums
of money and significant corporate and personal liability are put on
the line when inexperienced and poorly informed health professionals
are selected to manage medical surveillance programs. A working
knowledge of the regulations and standards, experience in toxicology
and training in the pathophysiology of disease from chemical absorp-
tion are essential skills for the physician reviewing biological monitoring
data. Following review of the medical data generated by the examina-
tion process, the physician must generate a written report with recom-
mendations to the employer and employee. This report must reach the
employee within 15 days following the examination. Abnormalities must
be addressed and a disposition made with regard to followup and res-
trictions. It is the employer’s responsibility to see that all medical data
collected under 1910.120 are stored in retrievable form for 30 yr after
termination. If a court action regarding a previous employee should
arise 10 yr after a specific examination, OSHA and the court will ex-
pect the employer to provide such records in readable form. Failure
to do so could result in severe penalties and a less than adequate defense.
It should be obvious at this point that medical surveillance is, in truth,
a complex program, not just a physical examination. In addition to as-
suring the ongoing health of a company’s work-force, it must be recog-
nized and utilized as an integral part of a corporate risk-management
program. The tendency among less well-informed employers/managers
when attempting to comply with regulations regarding medical surveil-
lance, is to “cut corners” with the cheapest examination available. This
approach may look good on the bottom line of a profit and loss state-
ment, but the penalties from violations and the cost of litigation could
be catastrophic. In many cases, a substandard program is more expen-
sive than a professionally-designed and compliance-assured program.
Cost is always a factor in business, but contracting with the lowest bidder
may be false economy.

GUIDELINES

Every cost-effective medical surveillance program should contain the
following services and benefits:

® A board certified occupational medicine physician with experience
in toxin-exposure disease

® A corporate-wide examination protocol designed by, or in consult
with, that physician

* Review of the examination protocol by someone knowledgeable and
current in the related standards and regulations

* Designated, qualified clinics convenient to each site which have been
trained in the use of the examination protocol

* A nationally recognized laboratory to analyze biological specimens

® Concise, compliant medical results in the form of a report received
within 15 days of the examination

e Reliable storage of all medical records in retrievable form for 30 yr
plus the term of employment

Fortunately for the employer, there are firms today which can pro-
vide these medical services. If difficulty is encountered in locating such
a firm, a board certified occupational medicine physician should be
consulted for advice. A list of such physicians can be obtained by writing
the authors or the American College of Occupational Medicine.

CONCLUSION

The standards regulating the hazardous materials industry require
an employer to provide a medical surveillance program for exposed
workers. The intent of such legislation is to insure the health and safety
of the employee, but, from a business perspective, the standards pro-
vide liability protection for the corporation and its directors. Such legis-
lation is viewed by many employers as an unnecessary burden, but,
in fact, it could be a blessing in disguise for companies which are not
informed in matters of risk management.

It has been demonstrated that a toxin-exposure health surveillance
program is very complex and requires specialized medical expertise.
Only an informed occupational physician who specializes in hazardous
materials exposure can coordinate the appropriate regulations and bio-
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medical technology to provide a true medical risk-management program. sult with environmental physicians who have experience in the field
The prudent employer designing a site health and safety plan would of absorption disease for guidance. Cutting corners on medical sur-
be well advised to consider his health surveillance program as an integral veillance could jeopardize a company’s entire risk-management program
part of a sound risk-management program. To this end, he should con- and, as a result, the company’s future.
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ABSTRACT

The Massachusetts Contingency Plan (MCP) was promulgated on
Oct. 3, 1988 to implement the State Superfund law (the “Massachusetts
0il and Hazardous Material Release Prevention and Response Act,”
Massachusetts General Laws Chapter 21E, 1983). The assessment and
remediation of state superfund sites are carried out in a phased approach.
Site risk characterization is a critical part of the Comprehensive Site
Assessment (Phase IT) required under the MCP.

MG.L. Chapter 21E (the statute) requires the achievement of a
“Permanent Solution” at all disposal sites, if feasible. A Permanent
Solution eliminates any “significant or otherwise unacceptable risk”
of harm to health, safety, public welfare or the environment during any
foreseeable period of time. When feasible, a Permanent Solution will
restore the disposal site to background levels. The answer to the ques-
tion of what constitutes a significant risk (and subsequently, “How Clean
Is Clean Enough?”’) became a major issue in the development of the
regulations implementing the statute.

The MCP approach employs risk assessment processes outlined in
the National Academy of Sciences study “Risk Assessment in the
Federal Government: Managing the Process™? and is consistent with
the methods adopted by the U.S. EPA for use at Federal Superfund sites.
However, the state approach specifically defines significant risk in a
manner which differs from the risk range approach used by the U.S.
EPA.

This paper will describe the Massachusetts methodology and draw
comparisons with the U.S. EPA approach to evaluating ‘“‘significant
risk”at hazardous waste disposal sites.

INTRODUCTION

One or more factors may drive the remediation at a disposal site in
Massachusetts. These factors include the risk of harm to human health,
the risk of harm to the environment and the feasibility of restoring the
site to background conditions. This discussion will focus primarily upon
the characterization of the risk of harm to health [310 CMR 40.545 (g)].
Additional consideration should be given to the characterization of risk
of harm to safety, public welfare and the environment [310 CMR 40.545
(W)]. Currently, these concemns are being addressed through, primarily,
qualitative methods.

In 1987, the Massachusetts Department of Environmental Quality
Engineering (now the Department of Environmental Protection, DEP)
contracted Wehran Engineering to survey state and federal environmental
officials and the current scientific literature in an effort to develop a
working definition of “significant risk” for use in the MCP. The result
was “The “Significant Risk’ Project®. The Project surveyed the states
of California, Michigan, New Jersey, New York and Wisconsin, as well
as the U.S. EPA concerning methods of standard setting and their use,

risk management policy and approach, definition and use of the term
“significant risk” and their approach to a hypothetical pollution control
scenario.

Concurrent with this process, three goals were identified for the risk
characterization process to be used in the Massachusetts Contingency
Plan:

¢ Disposal sites in Massachusetts would be remediated to levels which
would be protective of the public health

¢ Disposal sites would be remediated in a consistent manner through-
out the Commonwealth’s four regions

¢ Disposal sites would be remediated in a manner consistent with
existing state regulatory programs

To achieve these goals, the Massachusetts Contingency Plan outlines
[four methods] for the characterization of risk of harm to human health
at Massachusetts disposal sites. Four methods were developed (as
opposed to one set method) to more closely address the complex idio-
syncrasies of individual sites. Central to this process is the inclusion
of “Total Site Risk Limits” in the regulations. These specific risk limits
contrast sharply with the risk range approach practiced at the federal
level.

The four methods were crafted to satisfy the three principal goals
of the MCP. Since these methods are intended to achieve the specific
requirements of the Massachusetts statute, they often go beyond the
approach developed by the EPA for use at Federal Superfund sites.
However, as the EPA updates the guidance given in the “‘Superfund
Public Health Evaluation Manual’’?, the differences between the two
programs will narrow. The recently completed ““‘Supplemental Risk As-
sessment Guidance for the Superfund Program™* prepared by the U.S.
EPA Region I Risk Assessment Work Group is in fact consistent with
the Massachusetts DEP’s “Guidance for Disposal Site Risk Charac-
terization and Related Phase II Activities - In Support of the MCP”3,

The risk characterization process mandated by the Massachusetts
Contingency Plan is described below, with emphasis on the definition
and use of the term “significant risk.”

DEFINING AND EVALUATING “‘SIGNIFICANT RISK”’
UNDER THE MCP

The Massachusetts Contingency Plan (MCP), promulgated by the
Department of Environmental Protection (DEP), became effective on
Oct. 3, 1988. The MCP establishes requirements and procedures for
identifying, evaluating and cleaning up releases of oil or hazardous
materials to the environment. The regulations are based upon the State
“Superfund Law” (The Massachusetts Oil and Hazardous Materials
Release Prevention and Response Act of 1983) and major amendments
passed by voter referendum in 1986.
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The MCP responds to the public's clear mandate by establishing a
cleanup process that is consistent, strict and highly protective of public
heaith and the environment, Risk characterization and evaluation are
at the heart of the cleanup process.

As part of the requirements of the Comprehensive Site Assessment
(in Phase II of the six phase process), the regulations provide a frame-
work for determining: (1) whether remediation at a disposal site is
required and (2) the extent of remediation needed to attain a perma-
nent or temporary solution. The Phase II risk characterization directs
consistent and conservative evaluations of human health, safety, public
welfare and environmental risks at all of the disposal sites in the
Commonwealth.

To supplement the language of the regulations and provide more
detailed guidance for their implementation, the Department has
published “Guidance For Disposal Site Risk Characterization And
Related Phase IT Activities - In Support of the Massachusetts Contin-
gency Plan” (May 17, 1989). The guidance primarily addresses the
characterization of risk of harm to human health. The evaluation of
the risk of harm to safety, public welfare or the environment relies upon
existing environmental standards and site-by-site considerations. The
Department recognizes that more guidance is needed in this area.

CHARACTERIZING RISK POSED BY DISPOSAL SITES

The Massachusetts Superfund law (M.G.L.Chapter 21E) requires that
cleanups must eliminate “significant or otherwise unacceptable risk™
of harm to human health, safety, public welfare and the environment.

As the MCP was drafted, a great deal of discussion centered on the
questions of: (1) what constitutes a significant risk?, and (2) what
methodology should be used to characterize risk at a disposal site? Risk
assessment and risk management are not unique to the state and federal
Superfund programs. The Commonwealth of Massachusetts has imple-
mented a number of regulatory programs which address environmental
contamination in specific media, including air, drinking water, ground-
water and surface water. One goal of the Contingency Plan was to
preserve that the integrity of these existing programs; remediation at
disposal sites would, at a minimum, meet any applicable or suitably
analogous standards of these programs and the policies of these programs
would be applied when appropriate.

The Department also recognized that many disposal sites are far more
complex than the situations commonly addressed by the medium-specific
programs. In particular, it was felt that the reliance upon standards and
guidelines developed for single contaminant or single-medium situa-
tions might be inadequate to protect the public health at a disposal site
involving multi-media contamination and/or a mixture of contaminants.

Finally, the Department wished to minimize costs to those performing
the risk characterizations by relying upon standards, guidelines and/or
existing sets of cleanup levels whenever possible.

What emerged from these discussions were four risk characterization
methodologies, only one of which would be appropriate at any given
disposal site. The regulations describing these methodologies can be
found in 310 CMR 40.545(3)(g) of the Contingency Plan. Only one
of the four methods involves the classic, full risk assessment. Less
complex sites would use simpler risk characterization methods.

THE FOUR METHODS

As detailed in the regulations and elaborated upon in the Department’s
Guidance Document, the characterization of risk of harm to human
health is evaluated using one of four methods. As only one of the four
methods is considered appropriate at any given disposal site, it is ex-
tremely important that the correct risk characterization methodology
be chosen at the beginning of the process. Since the promulgation of
the regulations in 1988, increasing emphasis is being placed on the
proper selection of a method for site evaluations in the risk characteri-
zation process. The first revision of the Department’s Guidance Docu-
ment attempted to more fully describe and explain the selection process.
The Methods are meant to be considered in a stepwise fashion, from
the simplest (Method 1) to the most complex (Method 3b).
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Method 1

Method 1 applies at sites where, under existing regulations, there
are standards (NOT guidelines, NOT policies) applicable to each oil
and/or hazardous material (OHM) in every medium (air, water or soil)
to which persons might be exposed.

In this Method, the risk characterization compares the OHM exposure
point concentrations to the standards identified. Remediation is required
if any concentration exceeds such a standard, and the standards become
requirements for a permanent solution.

Presently, Method | does not apply to a large percentage of disposal
sites under investigation in Massachusetts. Of the 23 contaminants most
commonly found at state sites, ambient air quality standards exist only
for lead, drinking water standards exist only for 12 of the 23 chemicals
and no public health soil standards exist at this time.

If Method 1 is not appropriate, Method 2 is to be considered.

Method 2

Under Method 2, exposure point concentrations of OHM are com-
pared to specific sets of cleanup levels to be incorporated into the MCP
(310 CMR 40.800). These specific sets of cleanup levels will be
developed by the Department for certain types of disposal sites which
present common problems. For example, a specific set of cleanup levels
may be developed for leaking underground gasoline storage tanks in
a residential area where there are private wells and where no exposure
is thought to occur other than via drinking water. These levels will be
specific for both the contaminants reported at a site and the potential
exposures at such a disposal site.

In this Method, the risk characterization consists of the comparison
of OHM exposure point concentrations to corresponding values con-
tained in the specific set of cleanup levels. Remediation is required if
any concentration exceeds an identified cicanup level, and the set of
cleanup levels becomes a requirement of a permanent solution.

To date, no specific set of cleanup levels has been established; Method
2, therefore, is unavailable for any disposal site. The Department
currently is working on a number of such sets of cleanup levels,
including sets for PCB- contaminated soil and Coal Gasification
Waste disposal sites and petroleurn contaminated sites.

When neither Method 1 nor Method 2 apply to a site (or when 2
is applicable, but not used), then either Method 3a or 3b is appropriate.
It must be determined at this point whether the site fits the characteris-
tics of a *‘Single Medium™ disposal site (to be evaluated per Method
3a) or a “"Multi-Media™ disposal site (to be evaluated per Method 3b).
Both Methods may make use of site-specific risk assessment techniques.

Method 3a

Method 3a is appropriate if exposure to the oil or hazardous materials
at or from the disposal site occurs via one contaminated medium. Using
Method 3a, exposure point concentrations are compared to corres-
ponding public health standards, guidelines or Departmental polices.
If no such value is available for a particular chemical, then a site-specific
guideline associated with an excess lifetime cancer risk equal t one
in one million and/or a Hazard Index equal to 0.2 should be proposed
by the primary responsible party.

In this Method, the risk characterization consists of the comparison
of the exposure point concentrations to the identified standards, guide-
lines, policies and/or proposed site specific guidelines. When remedi-
ation is required, these standards, guidelines, policies and/or proposed
site-specific guidelines become requirements for a permanent solution.

Method 3a has been used to characterize the risk at approximately
10to 25% of the disposal sites assessed to date. (This figure is an esti-
mate as the Department has not tracked the number of sites using each
Method.) One common type of disposal site which would be charac-
terized by this Method involves a contaminated drinking water supply
where no additional exposures are thought to occur. The risk charac-
terization process would employ the drinking water standards and guide-
lines developed by the Department’s Division of Water Supply and Office
of Research and Standards, as well as any applicable Departmental poli-
cies. Any proposed site-specific guideline would be developed in a man-
ner consistent with Departmental policy, using standard risk assessment



techniques. This Method differs from Method 1 in that it is limited
to single-medium situations and both guidelines and policies may be
used in addition to standards.

If Methods 1, 2 and 3a are not considered appropriate, then the site
is evaluated using Method 3b.

Method 3b

Method 3b is appropriate if a receptor may potentially experience
exposures to the oil or hazardous materials at or from the disposal site
via more than one contaminated medium, and if Methods 1 and 2 are
not applicable. In Method 3b, exposure point concentrations are com-
pared to applicable or suitably analogous standards, promulgated under
existing regulations. In addition, a site-specific risk assessment is con-
ducted and the “Total Site Risk” estimates are compared to the risk
limits presented in the MCP. For one or more hypothetical receptors,
the estimated “total site risks” reflect potential exposures to all the OHM
via all the exposure pathways. Guidance is given for the development
of these hypothetical receptors for whom the total site risks are esti-
mated. Note that even the chemicals for which standards exist are in-
cluded in the calculation of the total site risk. Under Method 3b, the
most flexible cleanup requirements may be developed while complying
with total site risk requirements and applicable/available public health
standards.

The risk characterization process under Method 3b consists of the
comparison of exposure point concentrations to applicable or suitably
analogous standards, and the comparison of “Total Site Risks” to the
Total Site Risk Limits. Total site cancer risks are compared to a total
site cancer risk limit of one in one hundred thousand (1.0 x 1075. To-
tal site non-cancer risks are compared to a total site non-cancer risk
limit which is a Hazard Index equal to 0.2. When remediation is
required, the identified standards and the Total Site Risk Limits serve
as remediation requirements.

Method 3b has been used to characterize the risk at approximately
75 to 90% of the disposal sites evaluated under the MCP to date. It
is assumed that this level will be reduced in the future as more standards
are set and as the Department develops specific sets of cleanup levels
for use in Method 2. (Further consideration and evaluation of back-
ground contamination levels will affect the implementation of this
process).

OTHER REMEDIATION CRITERIA

As noted earlier, the MCP also requires the characterization of the
risk of harm to public welfare, safety and the environment. In addi-
tion, there must be an evaluation of the feasibility of remediating a site
to background levels.

These additional factors may drive remediation of a site where, based
on assessment of significant risk to human health, no adverse effects
are expected. Such an approach is consistent with the Department’s
obligation to protect both public health and the environment.

The Department has attempted to develop a comprehensive means
of characterizing disposal site risks which relies extensively on the iden-
tification of “otherwise unacceptable.” Under the MCP, remedial al-
ternatives may be developed that protect public health, while providing
flexibility in the setting of cleanup levels for specific chemicals. In this
manner, the Department has developed a process which methodically
approaches the answer to the question, “How clean is clean enough?”’

COEXISTENCE WITH FEDERAL PROGRAMS

The Commonwealth of Massachusetts publishes quarterly lists which
detail the number of state disposal sites and their status. As of July,
1989, there were 1152 Confirmed Disposal Sites which require further
investigation, 1634 Locations To Be Investigated and 270 Sites at which
remedial action has been completed and for which no further actions
are planned (not all of these fall under the requirements of the MCP).
Included among the 1152 confirmed sites are 24 NPL sites. One addi-
tional site has been proposed for the NPL.

Federal Superfund Sites are subject to the requirements of CERC-
LA, and SARA (collectively known as “Superfund”) in addition to the
State Superfund law, M.G.L. Chapter 21E. It should be noted here that

most NPL sites would be considered “Multi-media Sites’” under the
Massachusetts Contingency Plan, and would thus be subject to the
Method 3b risk characterization process.

While there are many similarities between the two programs, several
important distinctions can be made, particularly in the risk characteri-
zation process. Care must be taken in the development of the Endan-
germent Assessment (EA), the Remedial Investigation (RI), the
Feasibility Study (FS) and the Record of Decision (ROD) to identify
the requirements of the Massachusetts regulations and to explicitly meet
them. It is, of course, most difficult to integrate newly promulgated
regulations into a site remediation process which is already underway.

The most obvious difference between the two programs is the MCP’s
Total Site Risk Limits. The U.S. EPA has established an excess life-
time cancer risk range (10~* to 107 into which the risk based cleanup
goal should fall. Depending upon the site, however, the risk range has
been applied to: (1) the risk associated with a single chemical via a
single exposure route or (2) the risk associated with a mixture of chem-
icals via a single exposure route or (3) the sum of exposure route risks
which could approximate a total site cancer risk. Somewhat more dis-
turbing is an interpretation that all estimations of risk which fall into
the U.S. EPA risk range of 1 x 10~ to 1 x 107 may be considered as
acceptable. This poses particular concern when the estimated risk is
as high as 9 x 10~*. In comparison, the MCP Method 3b total site
cancer risk limit is 1 x 10~°. The intention of a risk limit is to guard
that no potential receptor would experience an excess lifetime cancer
risk greater than 1 x 1075, regardless of how many potential exposure
pathways existed at that disposal site.

An additional difference is the estimation of the total site non-cancer
risk, (i.e., Hazard Index, HI). Massachusetts has adopted a HI of 0.2.
The exposures related to a disposal site are allowed to contribute only
20% of an estimated allowable daily dose. The approach taken by the
Department is similar to that used by the U.S. EPA Office of Drinking
Water to develop drinking water standards and health advisories. In
its Superfund program, the U.S. EPA does not have a risk limit or range
for non-carcinogenic risk. U.S. EPA Region 1 recommends (in the
absence of such guidance) that a HI < 1 is acceptable and that a HI
> 10 may be cause for remediation.

In addition, there are strict requirements to evaluate [all] oil or
hazardous material at or from a disposal site (eliminating the use of
indicator chemicals) and specific consideration is given to the foresee-
able future use of the site and the levels of contaminant which would
exist in the absence of the disposal site (background). These distinc-
tions can influence the choice of remedial alternatives necessary to
achieve a permanent solution at a Federal Superfund site in Mas-
sachusetts.

CONCLUSION

““Significant Risk™ is a concept which has no absolute definition.
When circumstances require developing a working significant defini-
tion, many factors must go into that risk management decision. For
the State Superfund program in Massachusetts, such factors included
an explicit mandate to protect human health, public welfare, safety and
the environment, and a need to be consistent with existing state regula-
tory programs. The result is a risk characterization process which would
utilize one of four Methods. Method 3b, which applies to the majority
of disposal sites in Massachusetts, relies heavily upon risk assessment
to determine the need for remediation and the level of remediation
required. A Total Site Cancer Risk Limit of one in one hundred thou-
sand and a Total Site Non-Cancer Risk Limit which is a Hazard Index
equal to 0.2 apply at these Method 3b sites.

The State Superfund program is not inconsistent with the Federal
program, although care must be taken to insure that the requirements
of both are met. The Massachusetts Contingency Plan’s reliance on the
total site risk approach rather than chemical- and medium-specific
standards comes at a time when the Massachusetts Department of
Environmental Protection is shifting its structure and focus away from
solely medium-oriented programs.
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DISCLAIMER

This paper has not been subjected to Department of Environmental
Protection (DEP) review and therefore does not necessarily reflect the
views of the DEP. No official endorsement should be inferred.
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Defense Priority Model for DoD Site Ranking
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ABSTRACT

The Defense Priority Model (DPM) is intended to permit the use
of site-specific monitoring data from RI/FS and other site reports to
refine priorities for remedial action. This model combines both quanti-
tative and qualitative information on: (1) the hazards posed by pollu-
tant sources, (2) the potential exposure pathways of surface water,
groundwater and air/soil and (3) the potential human and ecological
receptors. The information is combined to reach a final score for each
site that lies between 0 and 100.

The DPM differs from the HRS in that it is used to rank all sites,
not just those for NPL consideration. In addition, it is designed to be
applied later in the data acquisition process when more accurate and
detailed data will be available. There are also some minor differences
in the data that the two models consider relating to pollutant mobility,
food chain exposure and the use of pollutant concentration in the model.
In general, the DPM uses more detailed data and is a more focused
model than the HRS.

This model is being used by DoD to assess relative risk of sites which
are ready for remedial design/remedial action in the fiscal year 1990.
This will give a good indication of its performance and will help to
identify areas where further development can prove beneficial.

INTRODUCTION

Work began on what is now the Defense Priority Model (DPM) in
1984 when the Air Force recognized the need for a defensible metho-
dology for ranking hazardous waste containing sites for cleanup. The
initial work was conducted by Barnthouse and his colleagues at Oak
Ridge National Laboratory and resulted in the development of the
Hazard Assessment Risk Model (HARM)" 2. This model was then
evaluated using comparative testing by a number of reviewers and the
results led to the incorporation of a number of changes and the develop-
ment of HARM II*.

The Air Force determined that the model needed to be computerized
to be maximally useful and decided that expert systems technology would
be preferable to direct computerization using Lotus(r) or dBase(r).
Expert systems technology offered some significant advantages
including:

* Ability to incorporate uncertainty

* Ability to accommodate missing data

* Ability to use alternative pathways to obtain an indication of an answer

* Ability to manage flow through the program so that only appropriate
questions are asked of the user

* Ability to include expert knowledge and make this available to the user

* Ability to include both quantitative and qualitative data in the decision-
making process.

The initial implementation encoded HARM 11 using the expert systems

shell KES(r) from Software A&E on an IBM compatible PC/AT. This
allowed for a rapid prototyping, but it did not support sufficient power
or screen management. A decision was therefore made to convert the
code to prolog, an Al programming language. Most of the KES code
did not have to be rewritten, but complex definitions that translated
the KES code into prolog were prepared. The prolog chosen was Arity
Prolog version 5.1.

This initial implementation was tested by six professionals ranking
a total of 15 sites with two reviewers per site to determine whether the
model provided a sufficiently broad range of answers, whether the sites
ranked in a logical order and whether the model could be widely used.
The answers to all of these questions were affirmative. Additionally,
some of the reviewers’ suggestions for improving the model and the
computerized presentation were incorporated®.

Meanwhile, the U.S. EPA reviewed HARM 1I in 1987 along with
several other site rating models to determine the best point to start
developing their revised Hazard Ranking System under the NCP?.
Their decision was to continue to develop HRS, adding in those features
felt to be missing, since no existing model met all of their requirements.
This study did lead, however, to an identification of some of the rela-
tive shortcomings in HARM II%. These were:

¢ There was no soil or air pathway

¢ The 3 mi. limit on water use was too stringent

* DPM does not consider the quantity of waste at a site

* DPM does not consider pollutant mobility, only groundwater mobility

¢ There is no provision for including documented evidence of human
exposure

Subsequently, a number of these points as well as those identified
during the comparative testing have been incorporated into the model’.

In November of 1987, the Office of the Secretary of Defense proposed
use of the model (renamed the DPM) for use in ranking DoD sites for
remedial action under the Defense Environmental Restoration Program
(DERP) and solicited comments from interested parties®. Comments
were received from the U.S. EPA and three states; model improvements
have been made in response to these comments.

This paper attempts to provide an overview of the Defense Priority
Model currently being used by DoD to rank sites for remedial action.

OVERVIEW OF THE MODEL STRUCTURE

DPM considers the hazards associated with source materials, path-
ways that may result in exposure and the presence of potential recep-
tors. There are three pathways in DPM:
¢ Surface Water
¢ Groundwater
* Air/Soil (considers vaporized compounds and dust).
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DPM supports both human and environmental receptors, though the
human receptors are more highly weighted. The enviromental recep-
tors include both aquatic and terrestrial populations as appropriate.

Figure 1 demonstrates how the various pathway scores are combined
to yield the six pathway/receptor scores per site. These six scores are
then combined using a root mean square methodology to obtain a sin-
gle site score (Fig. 2). All scores are normalized so that they range
from O to 100. This score, by itself, has no meaning and should not
be compared to the HRS ranking number for inclusion on the NPL.
Most sites evaluated to date scored in the 20 to 30 range, but sites have
scored as high as 89 and as low as 3, so a broad range of values can
be expected’.
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How Site Scores Are Computed
PATHWAYS

To more thoroughly understand what is included in the pathway scores,
it is necessary to examine each pathway more closely with regard to
the types of data that are used to obtain a pathway score. Different fac-
tors have different weights. The basic approach is to obtain a score for
each variable and to multiply this score by its weighting factor. The
weighted scores for all factors in a pathway are then added and divided
by the maximum possible score to obtain a normalized value. For each
of the pathways, if a release is observed in that pathway, a maximum
score is assigned. However, this score can be modified by a weighting
based on how well the waste/hazard is contained.

Surface Water Pathway

The surface water pathway of DPM rates the potential for contaminants
from a waste site to enter surface waters via overland flow routes or
from groundwater recharge. If pollutants are not directly observed in
surface water, but are present in sediments or soil, there is a potential
for surface water contamination. The following variables are scored
to provide an indication of this exposure potential:
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Distance to nearest surface water (scores are assigned up to | mj,)
Net Precipitation

Surface erosion potential (combination of slope and particle size)
Rainfall intensity

Surface permeability

Flooding potential (location within floodplain)

The most important factor by far is flooding potential; net precipita-
tion is the least important. The containment of the waste is also deter-
mined and becomes an important weighting factor.

Groundwater Pathway

The groundwater pathway ranks the potential for pollutant exposure
to occur from contaminated groundwater. If actual groundwater con-
tamination has not been detected but there is contamination in soil or
surface water, there is a potential for future groundwater contamina-
tion. The following factors are scored to obtain a groundwater pathway
score:

® Depth to seasonal high groundwater

e Permeability of the unsaturated zone

o Infiltration potential (measured from net precipitation and the form
of the wasle)

* Potential for discrete features in the unsaturated zone 0 “short circuit”
the pathway to the water table

Waste containment effectiveness is also a weighting factor on the path-
way score. Of the above factors, the depth to the seasonal high water
table is the most important factor.

Air/Soil Pathway

The original HARM model did not have an air/soil pathway. Conse-
quently, it was felt that this model did not account adequately for
exposure resulting from volatization of organics from the soil or surface
water; neither did it account for exposure to contaminated dust. The
factors that are considered in scoring this pathway are:

* Average temperature

Net precipitation

Wind velocity

Soil porosity

Days per year with significant precipitation

Site activity.

All of these factors are weighted evenly. A factor for waste contain-
ment is also used to modify the final score.

CONTAMINANT HAZARDS

The contaminant hazard component of DPM separately rates human
health and ecological hazards of identified or suspected contaminants
in each of the three pathways. Hazard scores are calculated differently
depending on whether environmental contamination has been detected.
For a medium in which contamination has been detected, health hazand
scoring is based on the concept of an acceptable daily intake (AD).
The highest concentration observed at a site is used. The observed con-
centration is first converted to a daily intake (ug/day) and thea is divided
by the appropriate benchmark concentrations (provided in the manual
or on the computer system) which are estimated ADI's. Ecological
hazard scoring for observed contaminants is similar, although an eco-
logical benchmark is used instead. The sum of the ecological hazard
quotients (concentration divided by the benchmark) is used for all
detected components.

For a medium in which contamination has not been detected, a health
hazard score is based on the ADIs and bioaccumulation factors of con-
taminants known to be present at the site being rated. In this case, the
score is based on the score for the highest scoring contaminant.

Scoring is similar for all pathways, though the appropriate bench-
marks will vary. For example, if the pathway is surface or goundwater,
aquatic benchmarks will be used as well as terrestrial benchmarks. For
the air/soil pathway, however, only terrestrial factors are employed.



RECEPTORS SCORING

The receptors portion of the DPM methodology rates the potential
for human and ecological populations to be exposed to contaminants
from a waste site. The potential receptors are considered separately
for each pathway and for human and ecological targets.

Human Receptors for Surface Water

The following factors are scored to obtain a measure of human ex-
posure to surface water pollution:

e Size of population obtaining drinking water from potentially affected
downslope/downstream surface waters (up to 5 mi.)

o Water use of the nearest surface water

¢ Population within 1500 ft. of the site

¢ Distance to the installation boundary

¢ Land use and zoning within 2 mi. of the site

The first two factors listed above are weighted most heavily.

Human Receptors for Goundwater

The following factors are used as indicators of potential human recep-
tor exposure to contaminants suspected in groundwater:

¢ Estimated mean groundwater travel time from waste location to
nearest downgradient water supply well(s)

¢ Estimated mean groundwater travel time from current waste site to
any downgradient surface water body that supplies water for domes-
tic use or for food chain agriculture

¢ Groundwater use of the uppermost aquifer

¢ Size of population potentially at risk from groundwater contamination

¢ Population within 1000 ft. of the site

¢ Distance to the nearest installation boundary

Of these factors, the estimated groundwater travel time is considered
most important; the water use of the uppermost aquifer also is important.

Human Receptors for Air/Soil

The following factors are used as measures of the potential for human
exposure:

* Size of population near the site (4 mi.)
* Land use in vicinity of the site
¢ Distance to nearest installation boundary

Land use has the most pronounced impact on the final score.

Ecological Receptors—All Pathways

Exposure of potential ecological receptors is determined by whether
there are sensitive environments (i.e., wetlands or habitats of endan-
gered species) within 2 mi. of the site and whether there are critical
environments (i.e., lands or waters specifically recognized or managed
by federal, state or local government agencies or private organizations
as rare, unique, unusually sensitive or important natural resources).

COMBINING PATHWAY SCORES TO OBTAIN
A FINAL SITE SCORE

The scores for each pathway are obtained by combining the infor-
mation on the pathway and the hazards for health and ecological recep-
tors. The result are six subscores, one for each receptor/pathway
combination. These scores are then combined using a root mean square
methodology with the human health scores weighted five times heavier.
The final score is then normalized by dividing by the maximum possi-
ble score to obtain a site score ranging from 0 to 100.

AUTOMATION OF THE DPM
The computerized version of the DPM using Prolog has permitted

the introduction of a number of improvements over the paper version.
Some of these are due to the use of expert systems technology while
others are merely due to the greater accuracy and ease of storing and
retrieving data that computers provide®. The new features in the com-
puterized version include:

¢ Ability to answer a question once even if it is used in several separate
pathways and calculations

Ability to record certainty of answers

Ability to automatically convert units

Ability to use alternate data if information is missing

Range checking of answers

Ability to change responses and to rapidly recalculate a final score

In addition, the automated version can generate a report that includes,
in addition to the scores, full documentation of the final score through
comments and the certainty indication. The automated version also con-
trols the user’s passage through the model and only presents those
requests for information that are deemed necessary depending on pre-
viously supplied answers.

FUTURE DIRECTIONS

Work is progressing on DPM and the experience of using it for the
FY-90 scoring will create a large body of data on actual sites. These
data will be analyzed and changes in the weightings used in DPM will
be incorporated where they are felt to be necessary. There is also a
plan to convene a group of experts to determine whether additional data
should be included in the model to facilitate future decisionmaking.
There are also plans to incorporate more expert system features such
as logical checking across related responses, more table look-up features
and increasing the size of the benchmark data base.
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INTRODUCTION

Within the context of the prime questions for risk assessment in
hazardous waste management, i.e., “How is the risk estimated?,” *“What
is the magnitude of the risk?"* and *“Is this risk acceptable?,” the con-
cern for the uncertainties becomes the focal point of all decision-makers.
Mathematically, risk can be defined as a function of the probability
of a negative consequence occurring and the value of that consequence.
Therefore, the uncertainty included in the risk assessment may be com-
posed of the uncertainties associated with: (1) the probability estima-
tion (2) the perception of potential consequences (3)the functional
relationships involved and (4) the acceptable risk limits. Consequently,
the uncertainty analysis addressed herein must deal with all these
uncertainties simultaneously.

For the probability estimation, a method based on event/fault tree
analyses is developed for the convenience of review and revision.
Through the anatomy of risk, the perceptive confusion of the risk can
be precipitated. Applying the concept of revealed preference, the risk
acceptability is analyzed. Sensitivity analysis is utilized to evaluate the
variability of different risks and their acceptabilities while meeting the
prescribed confidence limit. The risk assessment for dioxin analysis
in a laboratory setting is used as an illustrative example for the uncer-
tainty analysis.

RISK FOR TCDD SAMPLE ANALYSIS

The risk problem addressed here is concerned with the determina-
tion of the specific level of safety measures required for the
tetrachlorodibenzo-p-dioxin (TCDD) sample process and analysis at
a U.S. EPA regional laboratory.

To develop a range of potential risk situations, the laboratory proce-
dures followed were those used by U.S. EPA laboratories and their con-
tractors, beginning with sample packaging in the field and continuing
through the final disposal of the TCDD sample residue. In addition,
it was assumed that the laboratory was located in a populated
office/residential complex. The basic risk elements included the
following key steps of the risk pathways (Figure 1)

Sample packing in the field

Trans-shipment of packaged sample

Pre-analysis storage

Sampie cataloguing or inventory

Extraction and cleaning of the sample in the laboratory
Concentration and digestion for 2,3,7.8-TCDD

GC/MS sample preparation

Intra-laboratory transport of the prepared concentrates of dioxin
GC/MS analysis

Data log-in for the computer

Disposal of the residue of sample and wastewater
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e Contamination of the atr in the building and to the surrounding
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Figure 1
Elements of Risk for Dioxin Analysis

RISK ESTIMATIONS

To prepare for the risk estimation analysis, a series of alternative risk
sccnarios was developed (Fig. 2). In developing the risk scenarios,
alternative risk occurrence pathways and exposure situations for the
laboratory personnel. the co-workers in the building and the surrounding
communities were considered.

To illustrate the risk relationship between potential hazards and events
that may result from contamination to laboratory personnel, co-workers
located in the same building and the surrounding populace, a fault tree
was constructed.

Contamination pathways for the dioxin may include one or more
independent pathways. This is clearly delineated by the separate path-
way columns in the fault tree. The hierarchy of the fault tree structure
is established by the horizontal levels in the fault tree.



The mathematical relationship quantifying the probability of dioxin
contamination during its sample analysis was developed based on the
accompanying fault tree and the assigned probability values of specific
events as designated by the alpha-numeric variables printed next to the
event in the fault tree. The fault tree formula is shown in Table 1.

The variables used to define specific events are consistent with the
designation of tree branches in the event tree (Fig. 2). For instance,
A2 designates the event of contamination due to the sample packaging
and A2a designates the event of contamination caused by the contami-
nated vermiculite and/or plastic bags used in the packing. The only
unique events included in the fault tree analysis are those events
associated with the final consequences of the dioxin contamination such
as events A2cl or A2c2.

Table 1
Probability Model Formulation

P(T) = P(A2)+P(A+)+Any combination of N
(A2,B2,62 . . 262) P(C2) P(D2a) ‘E_lr(nznloz;)
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Based on this fault tree analysis, as shown in Figure 2, the prob-
ability of occurrence for each of the potential dioxin contamination
scenarios during its routine through the processing laboratory was evalu-
ated. However, as historical data which can be directly utilized to pro-
vide a basis for such assessments is almost non-existent for most of
the events, many of the values given for each event are based primarily
on subjective judgments. Other values are based on the values used
for similar situations in the chemical industry.

RATIONALE FOR ASSESSING PROBABILITY VALUES

With few exceptions, most of the TCDD samples are in solid form.
Because of the TCDD’s low solubility and high adhesion to soil parti-
cles, it is not likely to be separated from the soil in any medium. Mean-
while, the undeniable facts do suggest that TCDD is quite persistent
inits existence, and it appears unlikely to be degraded by itself. There-
fore, the TCDD contamination to any exposed person will generally
result from inhalation, ingestion or absorption through the skin.

POTENTIAL ROUTES OF CONTAMINATION
Inhalation

TCDD-contaminated dust and TCDD vapors generated during the
sample analysis procedure may accumulate in the air through the existing
air circulation systems. Levels would be higher than those occurring
where there is much better ventilation.

Direct Ingestion

Dust which settles on food or dirt on hands and is then transferred
to the mouth could be ingested. This route would be of particular con-
cern where non-voluntary co-workers, without the knowledge of specific
spills or contamination, are involved. However, exposure that occurs
via this route may vary considerably among individuals depending on
their behavior regarding protection of food, washing of hands, etc. The
judgmental value of probability placed upon this direct ingestion route
is very shaky and its accuracy can be seriously questioned.

Absorption through the Skin

Dust which settles on exposed skin and direct contact with the dirt
provides opportunities for TCDD to be absorbed through the skin.
However, this route for exposure in the laboratory is affected by the
following considerations:

Most of the skin area of the laboratory personnel is covered by clothing
® The contact time, if any, may be very short
e TCDD cannot pass through the skin unless it is removed from the
dust particles; consequently, this route may be considered minimal
when compared with all of the other possibilities

Other Potential Exposures

¢ Direct contact with TCDD when it is concentrated in the solvents

® Inhalation of fumes of TCDD while it is being extracted, digested
and concentrated

¢ Direct contact of TCDD by non-workers or involuntary co-workers
because of improper handling of the sample residues or the pre-
inventory samples

In view of all the potential routes of the various TCDD exposure path-
ways, the air transport route probably would cause the highest or most
severe exposure levels.

ESTIMATION OF TCDD CONCENTRATIONS IN THE AIR

Although laboratory and personnel movement play important roles,
for this exercise the following are utilized: dust levels inside the labora-
tory building are generally low; the activity of people inside and out-
side the restricted rooms is moderate, causing minimum air turbulence
or physical agitation of the dirt and subsequent escape of the dirt from
the central area; the building is well ventilated, with the supply air in-
take point located downstream along the prevailing wind of the exhaust
point of the returning air; and the ventilation could create some recycling
of the exhaust air and accumulation of the contaminated dust particles.

The TCDD levels in the soil were found to range from 70 to 200
ppb. It was assumed that the total dust levels in the air ranged from
0.4 to 1.0 mg/m®. Assuming the TCDD levels in the dust particles are
the same as in the soil, the concentration of TCDD in the air ° TCDD
concentration in soil x total particulate concentration in air = 3 x 10®
to 2 x 107 mg/m’.

Due to its low vapor pressure, it has been widely assumed that very
little TCDD would evaporate from contaminated soil. However, many
investigators are now discovering that low vapor pressure compounds
which also have low water solubility evaporate more readily from soil;
thus TCDD may have an enhanced vaporization rate from the samples,
particularly after it has been cleaned, extracted, digested and concen-
trated. For these reasons, it was assumed that the vapor pressure of
TCDD may be much higher than 10°mm of mercury. All these facts
suggest that TCDD vapors could cause exposure inside the poorly-
ventilated rooms.

The toxicity of the TCDD to animals is fairly well documented;
extrapolation of these effects to humans is unknown. It is assumed that
its risk ratio is in the range of 200 to 300, which is the same as the
worst ratios for vinyl chloride.

Estimates of the probability values are based on the general percep-
tion of the likelihood of occurrence of the events in consideration and
should be considered as the conservative figures. Conditional proba-
bility values following each of the key events are also based on the in-
vestigators’ judgments. In order to compensate for the uncertainties of
these judgmental values, a fairly liberal range is given for each of the
probability values. A subsequent sensitivity analysis for selected events
should be conducted to assess the resultant probability of the contami-
nation to both laboratory personnel and the community and the sensi-
tivity of the various assumed values.

RISK ACCEPTABILITY ANALYSIS

In order to assess the acceptability of the risk associated with the
dioxin laboratory analyses for both the laboratory personnel directly
and indirectly involved and for the surrounding community, basic charac-
teristics of the risk in terms of the probability of occurrence and the
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Figure 2

Event Tree for Rish Scenarios

potential consequence to both individuals and the society must be
analyzed in detail. First, the basic characteristics of the risk must be
defined and delineated. Second, the incremental risk acceptance value
for each of the risks identified in terms of risk referent shall be deve-
loped. Finally, the objective risk value computed, based on the poten-
tial consequence, should be compared with the risk referent value to
determine the acceptability of the current practice.

Based on the risk classification as outlined in Table 2. the risks

associated with the dioxin laboratory analysis can be characterized as
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immediate statistical accidents and categorized as follows:

¢ Risk for the laboratory personnel specifically assigned to the dioxin
analysis: ordinary voluntary risk

* Risk for the co-workers located in the same building: ordinary volun-
tary regulated risk

¢ Risk for the surrounding community of the U.S. EPA Regional labora:
tory: ordinary involuntary risk.

The procedures to be followed for the determination of risk accepta-
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Table 2
Risk References for Immediate Statistical Accidents

Cansequences
Risk Fatalities Health Affects Prop. Damage Reduction of
Classi- Per M$/Per Life Span
fication Year Year Year (Years)
Naturally
Cocuxring:
catastrophic: 1 x 1008 5 x 1076 0.02 3 x 1072
Ordinary: 7x10° 4x10% 3 0.2
Man
Originated
Catastrophic— - - 5 4
Involuntary 1’(10_6 5)(10_6 2 x 10 3 x 10
Voluntary 2 x 10 2 x 10 .4 6 x 10
Regulated _ _ N
Voluntary 3 x 107 3 x106 4 6 x 10~2
Ordinary- _
Irvoluntary 5 x 105 3 x 1072 1 1 x 1072
Voluntary 1 x 10 6 x 1072 200 0.1
Regulated 4 5
Voluntary 1 x10 6 X 10 30 0.1
Man Triggered
Catastrophic— 6 - -
Involuntary 2 x 1077 1 x 10~ 4 x10 6 x 107
Voluntary 4 x10% 4 x 10 0.8 6 x 10
Ordinary s -2
Involuntary 1 x 10 3 3 x 10
Voluntary 1x10™ 2
Regulated
Voluntary 2 x 107% 0.2

Source: Rowe, W., An Anatamy of Risk, John Wiley & Sons, NY, 1977,

The to be followed for the determination of risk
acceptability for the TCDD ing centars are:
o Develop an appropriate risk classification scheme.
o Determine the risk reference value for each class of risk
encountered in the dioxin analysis procedures.
o Compute risk referents for each class of risk.
o Cmpare the estimated risk from fault tree analysis with the
risk referent values.

bility for the TCDD processing centers are:

* Develop an appropriate risk classification scheme

® Determine the risk reference value for each class of risk encoun-
tered in the dioxin analysis procedures

* Compute risk referents for each class of risk

* Compare the estimated risk from fault tree analysisewith the risk
referent values

In view of the risk confronted by different sectors of population in
the laboratory and its surroundings, appropriate risk classifications
developed for each sector of the population are summarized in Table 3.
The dioxin analysis is essentially a typical man-originated, ordinary
event. However, since the reliability and statistical validity of existing
data characterizing various consequences of the dioxin exposure acci-
dents are absent, only piecemeal information covering personal inju-
ries and immobility could be collected and reviewed. Thus, the risk
reference value characterizing the personal injury in terms of health
effects per year is the only consequence included in the risk accepta-
bility evaluation as shown in Table 3. In fact, based on limited data.
personal injury seems to be the only visible and pronounced conse-
quence due to dioxin exposure being reported so far.

OBTAINING RISK REFERENT VALUES

These risk reference values are estimated directly from historical and
societal risk data that are analogous to the situations and consequences
involved in dioxin analysis. Transforming the risk reference values into
appropriate risk referents requires the following four steps:

¢ Determine the appropriate risk proportionality factor (F1) which
incorporates the societal attitude due to its expectations associated
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Table 3
Summary of Risk References for
Dioxin Exposure in Laboratory

Risk Reference

Type Risk Risk Classification (Hlth. Eff./Yr.)
Persanal injury or Voluntary, ordinary 3 x 1070
{immobility for

laboratory workers

Persanal imjury or ordinary regulatad 6 x 1072
{mmobility far voluntary man

co~workers in the originated

laboratory

Persanal imjury ordinary involuntary, 3 x 1073

to the population man originated

with the degree of voluntarism of the affected population.

¢ Determine the appropriate risk proportionality derating factor (F2)
which discounts the existing societal risk acceptable level due to the
indirect benefit/cost balance considerations for the dioxin exposure
via laboratory analysis (Table 4).

* Develop and quantify the risk controllability factor (F3) which charac-
terizes the basic control approach, the degree of control, the state
of implementation and the judgment of control effectiveness (Table 5).

* Determine the referent using the factors derived in the above three
steps by the formula:

Risk Referent = (Risk Reference) x F1 x F2 x F2 1))

These factors are subjective. The first two factors in Equation 1
address the inherent propensity of effected populations to take risks
and also incorporates the additional decision dimension of indirect
benefits/cost balance. This acknowledges the tendency of people to
accept higher levels of risk when the potential benefits far outweigh
the potential costs. On the other hand, people may become increasingly
risk aversive when the potential benefits are likely to be offset by the
costs.

The risk proportionality and its derating factors, as determined for
different sectors of populations, are shown in Table 4. Though not to
the same degree, the controllability factor also varies due to the target
population, as shown in Table 5.

Incorporating all the factors determined above, the appropriate risk
referents for different affected population sectors are derived as shown
in Table 6.

Table 4
Risk Proportionality and Risk Proportionality Derating Factor

Factar Value

Proportionality Factor 1.0
Derating Factor

laboratory Worker 0.2
Co~Worker in the Building 0.1
Surrounding Community 0.1

RESULTS

On the basis of the above judgments and limited data, the risk referent
values were compared to the estimated values the risks for both techni-
cians and their co-workers in U.S. EPA laboratory are considered to
be acceptable. On the other hand, the risks for the surrounding
community may be marginally acceptable.



Table 5
Controllability Factor

Control Degree of State of Control
Approach Control Implementn. Effectiveness
Iaboratory Worker 1.0 1.0 0.5 1.0
Co-Workers in the
Building 0.5 1.0 0.5 1.0
surrounding
Commanity 0.3 0.3 0.1 0.5
Table 6
Risk Referents and Estimated Maximum Risks
Population Risk Risk Est. Max.
Sector Reference Reference Risk
USEPA Lab - 3
Persannel 3 x1071 3. x 1072 3.2 x 10~
USEPA Co-
Workers in the _
Same Building 6 x 1072 1.5 x 1073 1.2 x 1073
: -5 -8 -5
Commmity 3 x 10 1.4 x 10 1.1 x 10

SENSITIVITY ANALYSIS

Sensitivity analysis is a post-solution evaluation technique, intended
to determine the degree of confidence which can be placed on the
selected solution. In this dioxin analysis example, a wide range of proba-
bility values for all events included in the fault tree as shown in Ta-
ble 7 has been evaluated. Monte-Carlo simulation has been used to
analyze the variability of the estimated risk values. The estimated
maximum risks cited in Table 6 have a confidence limit of 95%.

Thus, all the risks shown in Table 6 can be considered as conserva-
tive judgmental values for all potential accidents described in the fault
tree. A difference of magnitude in the order of two to three may still
be within the range of cumulative errors. In reality, the risk estimated
for the community may be too high and it is therefore considered to
be marginally acceptable.

For the facility considered, the sensitivity analysis for specific faulty
events indicates that with minimum modification of sample inventory,
waste disposal procedures and installation of particulate air filters, the
risk to the community can be significantly reduced to 1.1 x 10* which
is well within the acceptable level. In addition, maximum estimated
risk for the co-workers may be lowered from 1.2 x 10° to 2.1 x 10
which is well below the acceptable level of 1.5 x 10? as reflected by
the corresponding risk referent values.

CONCLUSIONS

Uncertainty Analysis for the risk assessment in hazardous waste site
management can be resolved by the three-prong attack:

® Develop a structured risk estimation model based on an integrated
event/fault tree analysis

® Based on a detailed anatomy of the risks involved, conduct the risk
acceptability analysis using the revealed preference concept

¢ Perform a comprehensive sensitivity analysis for the estimated risks
to determine the confidence limit of the risk values

In the illustrative example of the risk assessment for the potential
hazards to laboratory workers, co-workers and the surrounding com-
munity due to the dioxin sample analysis, we have determined that:

¢ The risk to both laboratory workers and their co-workers in the
building is acceptable.

¢ The risk to the surrounding community may be considered marginally
acceptable. However, with minimal modifications to the facility, the
risk can become acceptable.
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Incorporating Time Varying Parameters
In The Estimation of Human Health Risk
From Superfund Sites

Alison C. Taylor
David E. Burmaster, Ph.D.
Alceon Corporation
Cambridge, Massachusetts

ABSTRACT

Risk assessment is a critical step in decision-making in federal and
local governments as well as the private sector. It combines informa-
tion about the frequency, intensity and duration of human exposures
to chemical hazards with data on the toxicity of those compounds to
yield estimates of the risk of carcinogenic and non-carcinogenic effects
associated with those exposures.

Given the complexity and uncertainty inherent in human exposures
there is a need to design great flexibility into the risk estimation process.
Calculations often are repeated with slight variations in particular inputs
to identify the contribution of individual chemical compounds and
exposure pathways to the health risk posed by a complicated scenario.
For this reason most analysts now perform risk assessments on
microcomputer spreadsheets.

To accommodate the need to account for time varying inputs in risk
assessments, we have developed a system on Macintosh computers in
which programmed macros pass data and intermediate results between
Microsoft Excel™ spreadsheets. The system has the capability to
model time varying exposures in the estimation of the average daily
dose of a substance for assessing the risk of both acute and chronic
effects. Both human parameters i.e. skin surface area, breathing rate
and body weight which vary with age and environmental parameters
(i.e. rate of emissions from an incineration facility) may be assigned
different values for each year of exposure.

The linked spreadsheets are designed to calculate exposure doses of
chemical contaminants via inhalation, ingestion and dermal pathways.
The carcinogenic risk for chronic effects and the ‘*hazard index” for
non-carcinogenic effects are automatically estimated for every chemi-
cal compound, pathway and receptor and then summed across all
pathways and compounds to yield an assessed risk for each receptor.

INTRODUCTION

Early in 1989, Alceon Corporation was asked to perform a risk
assessment for a proposed Park & Ride commuter rail station. The
station is proposed to be built on the site of a former municipal solid
waste (MSW) landfill. Portions of the landfill not covered with asphalt
during construction of the Park & Ride facility will continue to receive
deposits of ash for 7 yr from a MSW incinerator also located in close
proximity to the proposed station.

In order o estimate the risk to human receptors at the Park & Ride
facility, it was necessary to calculate the average daily dose (ADD) of
each chemical compound of concern, to each category of receptor,
through all exposure pathways. Many of the parameters used in these
calculations take on a series of values over time due to changes in
incinerator operation, variations in gas generation rates from the MSW
landfill due to the aging of buried waste and the variations in body weight
and inhalation rate of receptors.
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As an alternative to using average values for these time varying
parameters in the dose calculations, a series of spreadsheets containing
detailed parameter information for each year of exposure and facility
operation has been developed. These spreadsheets are linked by macros
programmed: (1) to calculate the average daily dose of contaminant to
each type of human receptor in each year of exposure: (2) to locate
the year of maximum exposure (the year in which average daily dose
is greatest) to be used in the estimation of potential acute health effects
and (3) to calculate the average exposure across a 70 yr lifetime (the
average of the average daily doses for all 70 yrs of life) for the estima-
tion of potential chronic health effects.

DISCUSSION

The receptors of concern in this case are adult and child (student)
commuters using the Park & Ride facility and a security guard posted
in the facility parking lot. Exposures to the security guard are assumed
to continue for an entire 45 yr career, (i.c., age 20 until retirement al
65 yrs of age), 8 hrs/workday, 5 workdays/wk. It is extremely conser-
vative to assume that one employee would hold this position for 45 yrs.
Exposures to commuters are assumed to occur for 0.5 hr. each
commuting day as the commuters wait for the train and walk to and
from their car or ride. Adults are assumed to commute for an entire
45 yr career (age 20 until 65, again a very conservative assumption)
whereas children are assumed to commute for 6 yrs of secondary school
(between the ages of 12 and 18 yrs). The security guard and adult com-
muter are assumed to experience exposures
50 wk/yr (a 2-wk vacation is assumed). The child commuters are
assumed to commute to school 40 wks/yr.

Sources of contaminants to the air at the commuter rail facility include
gaseous and particulate stack emissions, gas generated by the buried
waste present in the landfill and particulate material released during
the transport of ash and its disposal in the landfill. The most toxic
carcinogenic and non-carcinogenic compounds released by these sources
were identified in a sequential ranking exercise and designated as indi-
cator compounds for the risk assessment.

Portions of the landfill not covered with asphalt during construction
of the facility will remain active, receiving ash from the MSW in-
cinerator for 7 yrs. It is estimated that the landfill will reach capacity
afier 7 more years of operation and it will be capped at that time. Starting
in year 7, the ash will be transported elsewhere, eliminating the par-
ticulate contributed by fugitive dust from the landfill and landfilling
activities. The gas generated by the landfill will continue to contribute
1o contaminant levels in the air at the commuter station since the capping
does not include a collection system for gases. All active sections of
the landfill will be fenced off, preventing direct contact with the soil
by humans. Due to the security provided by the fence, human health
risks may result only from airborne contaminants.



Pathways of exposure considered in the risk assessment include:
() inhalation of organic and inorganic compounds in gaseous form,
(2) inhalation of organic and inorganic compounds in particulate form,
(3) (inadvertent) ingestion of organic and inorganic compounds con-
tained in dirt adhered to skin during daily work and (4) dermal penetra-
tion of organic compounds also contained in dirt adhered to skin.

The inhalation exposure model used to estimate the dose of chemi-
cal contaminants to the child commuter by inhalation is examined here
in detail since it incorporates several time varying parameters and
provides an example of the technique used to handle these parameters.

Inhalation Exposure Model

The Inhalation Exposure Model is used to estimate the average daily
dose (ADD) of a specific chemical to an individual exposed to air con-
taining a known concentration of contaminant. All dose estimates are
measured in units of milligrams of bioavailable chemical per kilogram
of body weight per day. All the dose calculations are based on an esti-
mation of the average daily dose on a day of exposure. Averaging factors
are then used to calculate the average daily dose averaged over each
year of exposure. The potential for health effects from compounds with
systemic (non-carcinogenic) potencies, the Hazard Index, is estimated
by dividing the maximum yearly ADD (the largest average daily dose
occurring in any single year) by the reference dose for acute health effects
(RefD) provided by U.S. EPA.S

Hazard Index = ADD__ / RefD 1Y)

The estimated carcinogenic risk associated with exposure to the levels
of carcinogenic contaminants present at the facility is calculated by mul-
tiplying the CPF (cancer potency factor provided by U.S. EPA,* by the
average of the yearly ADDs across a 70-yr lifetime. This calculation
yields a unitless carcinogenic risk estimate.

Risk = CPF x ADD 2)

lifetime avg

As stated above, all calculations of average daily dose were performed
by macros, written in Microsoft Excel™ for MaclIntosh computers,
which link a series of spreadsheets, each containing some portion of
the information required for the calculations. Table 1 is an excerpt from
the spreadsheet in which the toxicological properties of the indicator
compounds are stored. Since all the spreadsheets are linked together,
calculations performed in other spreadsheets that require the cancer
potency factors (CPFs) and reference doses (RefDs) draw the values
directly from the toxicological properties table. Since each parameter
value is stored in a single place, rather than in every spreadsheet in
which it is used, updating the values with new information is very easy
and efficient.

Table 1
Toxicological Properties of Indicator Compounds
Cancer Welght CPF AIC or AlC or
Potency of Source Reference RFD
Indicator Factor Evidence Dose Source
Compound (mgfkg/d)-1 =) ) (mg/kg/d) =)
Organic Compounds %
benzene 2.90E-02, A a
benzo{a)pyrene  6.10E+00 B2 d 1.00E-02 d
mathylene chloride  1,40E-02 B2 a 6.00E-02 #
carbon tetrachioride  1.30E-01 B2 a 7.00E-04 #
vinyl chloride  2.95E-01 A b
1,1-dichloroethylene  1.20E+00 c a 8.00E-03 #
1,2tdichioroethylens 2.00E-02 #
1.2-dichloroethans  9.10E-02 B2 a
trichlorosthylens  1.30E-02 B2 a
tetrachiorosthylens  3,30E-03 B2 b 1.00E-02" #
hexachlorobanzane  1.70E+00 # 8.00E-04 ¢
23,7,8TCDD 1.56E+05 4
Inorg. Compounds
arsenic  5.00E+01 A 8
berylllum  B.40E+D0 B2 a
cadmium  6.10E+00 B1 a 5.00E-04 #
chromlum I} 5.10E-03 c
chromlum VI 4.10E+01 A a
copper D 1.00E-02 c
lead B2 ] 4.30E-04 c
nickel  1.19E+00 A c
Znc 1.00E02 c
hydrogen sulflde 3.00E-03 #

Sources:

& USEPA, 1988, IRIS

b USEPA, 1987, PHRED
© USEPA, 1966, SPHEM

d GRI, Vol. 3, 1988
8 \US EPA, 1988, Special Report
# used other pathway as surrogate

The spreadsheet macros allow the time varying nature of individual
parameters to be accounted for in the averaging of dose across time.
In the case of exposure by inhalation of contaminants, the following
parameters are assigned values in the macros that vary with the age
of the receptor: body weight and inhalation rate. In addition, other
parameters are assigned values in the macros that vary with time such
as the rate of gas generation from the landfill as the MSW ages and
both the concentration of indicator compounds in particulate form and
the fraction of particulate in the air which may be attributed to the site,
before and after the landfilling of ash ceases.

The inhalation dose model follows:

ADD = [(Ca x Ir x Te x (5 day/7 day) x (40 wk/52 wk)] / Bw(3)
Add = average daily dose of a chemical to an individual

(mg/kg/day)
Ca = concentration of contaminant in inhaled air (mg/m?)
Ir = inhalation rate (m’/hr)
Te = time duration of exposure per day of exposure (hr/day)

Bw = body weight of individual (kg)

As stated above, of the parameters used in the above calculation, Ir
and Bw vary over the 6 yrs of child commuter exposure. The average
daily inhalation rate of individuals varies with growth, with the peak
rate occurring in the teenage years. The inhalation rate of commuting
students involved in moderate activity was assigned the following values
in the ADD calculation (data adapted from Snyder, et al.,* and
Anderson, et al.,' for the U.S. EPA,*:

Inhalation Rate Age
(m?/hr) (yr)

L7 12-14

L.5 5 18

The average body weight of an individual increases with age until
about age 17 at which point the average body weight reaches the average
adult body weight, 70 kg (adapted from data presented by Snyder, et
al.,* and Anderson, et al.', for the U.S. EPA, 4

Body Weight Age
(kg) 1)

45 12-13

50 13-14

55 4-15

60 15-16

65 16-17

70 17-18

In addition to the variation in characteristics of the exposed indi-
viduals, the concentration of contaminant in the inhaled air, Ca, was
projected to vary, due to variations over time in the generation of gas
by the landfill. Depending on the length of time since disposal of the
waste, the gas generation rate is known to vary significantly. For the
6 yrs of exposure to an individual child commuter, a single value of
annual gas generation in m® gas generated per kg of waste deposited
was selected; however, across the 45-yr exposure durations of both the
adult commuter and the security guard, the gas generation rate from
the landfill, and thus the concentration of contaminant in air, were
assigned a series of declining values.

The concentration of contaminant in air also varies due to planned
changes in the operation of the landfill, such as the cessation of the
disposal of ash after 7 yrs of Park & Ride facility operation. Since ash
disposal in the landfill would occur only in the first 7 yrs of facility
operation, the fraction of the concentration of particulate material
occurring in the air as fugitive dust from the trucking and disposal of
the ash is not included in the total concentrations of particulate to which
adult commuters and the security guard were exposed after year 7. The
child commuter, however, has an exposure duration of 6 yrs; years;
therefore, the particulate contribution from ash landfilling activities is
included throughout the child commuter’s exposure.
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Table 2 is an excerpt from one of the spreadsheets that performs the
health effects calculations. Airborne concentrations of contaminants and
various exposure factors are called to this spreadsheet by macros. The
macros use the parameter values for each year of interest to calculate
the ADDs. The actual macros are not shown in the excerpt. The ADDs
are then passed to a summary spreadsheet such as the one shown in
Table 3. The summary spreadsheet calculates the hazard index and in-
cremental lifetime carcinogenic risk attributed to each indicator
compound. Finally, the total hazard index and incremental lifetime risk
estimate across all indicator compounds, associated with a single path-
way (such as the inhalation of gaseous contamninants) for a single receptor
(such as the child commuter), are tabulated.

Table 2
Excerpt from Spreadsheet Health Effects Calculation

General Exposure st Landflll Landfill inhalstlon  Body
Variables Age Statlon? Active 7 Yrs insctive Rate Weight
(yrs) (Toggle) (Toggle) (Toggle) (m3mr) (g}
0 0 0 0 0.5 25
1 0 0 0 1 9
Hours per 2 0 0 0 1 "
Day 3 0 0 0 1 13
— 4 0 0 0 1 17
05 5 Q 0 0 12 20
6 ] 0 0 14 3
7 0 0 0 14 26
Days per 8 0 0 0 14 30
Week 9 0 0 0 14 3
— 10 0 0 0 1.7 35
s 1 0 0 0 1.7 40
12 1 1 0 17 45
Weeks per 13 1 1 0 1.7 50
Year “ 1 1 0 17 55
— 15 1 1 0 15 60
Q 18 1 1 0 15 €5
17 1 1 (] 15 70
Bioavallability 18 0 1 0 1.5 70
19 0 0 1 15 70
1 20 0 0 1 15 70
21 0 0 1 15 70
CONCLUSION

As more work is done in the field of uncertainty analysis, risk
assessment calculations will include increasingly refined representa-
tions of reality. Rather than assigning discrete values that vary with
time to parameters used in the health effects calculations, a distinct prob-
ability distribution for each year of interest will be assigned to the time
varying parameters.
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Table 3
Child Commuter Inhalation of Gaseous Contaminants
Yowr1-7

[ d d  Haxard Index  Incremental
Polnt  ADD (max yea)) ADD (ilfe) for Lietims Risk

Concantrstion from from NonCarce for

Nams of Compound in Alr Exposures Exposures Cares
(mg/m3) (mg/kg/d) (mg/kg/d) =) =)
Organic Compounds

benzene 296E-04 3.00E-08 201E07 SK3600

bsnzo{a)pyrens 4.80E-09 4.TTE-11 L1612 4.TTE9 190611
methylene chioride 267E-04 2.77TE-06 1.808-07 40E08 2Re%
carbon tetrachioride 2.96E-08 300808 201E-00 AAE-08 281E-10

1,1-dichlorosihylens 4ASE-08 4.52807 101E-08 6.13E-08 25180
1,.2--dichiorosthylens ASTE-O4 IEDS 241607 158E-04

1,2-dichioroethans LISEO4 1.24E-08 LO4E-08 150
trichiorosthylens  7.74E-04 .03E-08 8 23E-07 S00E-09
strachiorosthyiens 4.T0E-04 4.D4E-08 122E-07 AED4 1.0SED)
hexachiorobenzens 240€-09 249611 1.62E-12 L11E-08 278612
23,78-7C0D 4.50E-12 AS87E- 14 J04E-18 4T4E10
inorganic Compounds
hydrogen sulfide I26E-03 3.38E-03 220E-08 113602
09 rv — —
1.0 praTcase
1.0 post7cass Totais —>» 121602 75250
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Terrestrial Food-Chain Model for Risk Assessment
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Michael F. Saunders
Richard S. Prann
IT Corporation
Edison, New Jersey

ABSTRACT

To assess the potential impact of a proposed Hazardous Waste
Incinerator in Niagara Falls, New York on terrestrial wildlife species,
IT Corporation developed a simplified food web model to predict body
burdens of selected constituents of concern. Appropriate habitat areas
within 5 km of the incinerator were identified and eight species were
selected for a detailed assessment. Only areas capable of supporting
long-term habitation for the selected target species were considered
appropriate for selection. An exposure assessment was performed for
each species at each habitat.

INTRODUCTION

For the purpose of assessing the impact of the stack emissions to
terrestrial species, appropriate habitat areas within 5 km of a proposed
hazardous waste incinerator (HWI) were identified and eight species
were selected for a detailed assessment of the impact of non-carcinogenic
compounds. Five mammalian species were evaluated to assess potential
effects of carcinogens. An exposure assessment was performed for each
species and the risks associated with these exposures were calculated.

To conduct this terrestrial species assessment, assumptions and
adjustments to toxicological data generally available in the literature
were made. The majority of these data are derived using standard
laboratory animals or agricultural crop species. Plants and animals in
the natural environment tend to have longer exposures than those in
the laboratory due to life span, multiple exposure pathways and
differences in subspecies metabolism. The application of uncertainty
factors provides a conservative adjustment for the use of laboratory
derived data. General assumptions used in this assessment regarding
incorporation of the selected indicator constituents into the biological
system are:

* Toxicity is assumed to be independent of dosing schedule

* Anaverage daily food/water consumptions are used for all calculations
which assume no variation

* The food-chain model used in this assessment incorporates emissions
into single trophic levels of the food chain with bio-accumulation
and bio-magnification at subsequently higher species levels

¢ The HWI produces emissions for an indefinite time

A screening methodology was applied to the waste stream and 11
constituents were selected as indicators for evaluation. Ambient air
concentrations and deposition rates for the selected constituents of

concern were calculated using the U.S. EPA’s ISCLT air disperion
model.

ECOLOGICAL ASSESSMENT END-POINTS

‘Because of the complexity of interactions within a food-chain, it is
difficult to assess the potential impacts to all receptors for all end-points.

Receptors (the selected target species) are the components of the
ecosystem that may or may not be adversely affected by the selected
indicator constituents. End-points are the particular types of impacts
a constituent has on a receptor.

Possible end-points for ecological risk assessments can be divided
into four levels: individual; population; community; and ecosystem.
These levels may be further assessed as:

Individual end-points of biological interest
® Changes in respiration

¢ Changes in behavior

® Increased susceptibility to illness

® Decreased growth

¢ Death

Population end-points of biological interest

® Decreased genotypic and phenotypic diversity
® Decreased fecundity

® Decreased growth rate

® Increased frequency of disease

® Increased mortality rate

Community end-points of biological interest

® Decreased species diversity
® Decreased food web diversity
¢ Decreased productivity

Ecosystem end-points of biological interest

® Decreased diversity of communities
® Altered nutrient cycling
* Decreased resilience

Presently, there are no regulatory standards concerning individual
end-points of biological interest for non-human terrestrial species. There
is, however, a general consensus defining adverse effects at the
population level. For this reason, this level was chosen as the most
appropriate end-point for use in terrestrial species assessments.

HABITAT EVALUATION

Areas inscribed by concentric 400 mi circles radiating out for 5 km
from the HWI were addressed based on the determined ISCLT
depositional pattern. Based on these results, no areas of high deposition
beyond this radius were evident. Areas that could support the selected
target species were delineated. Only areas capable of supporting
long-term habitation of the target species were considered appropriate
for selection. This selection process was based on the following criteria:
habitat must have a sufficient receptor-specific food supply, adequate
area to accommodate the receptor’s normal range, sufficient water supply
and a lack of continuous intervention by man. Areas selected are
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representative of or a composite of the following biomes: Grasslands,
Temperate Forest and Taiga.

SELECTION OF TARGET SPECIES

Not all organisms are suitable for use as target species to evaluate
constituent impacts. General considerations and assumptions must be
applied in selecting target species®. The following criteria were applied
in the selection of target species:
¢ Target species must be capable of accumulating the selected indicator

constituent to measurable amounts
¢ Target species should be easily collected or observed and be available

should field calibration or verification studies become necessary
* Relevant information pertaining to interactions between the target
species and the selected indicator constituent(s) should be available
in the scientific literature
* Target species should, as a group, represent all levels of the food web
* Target species should represent various exposure pathways

Target Species
The representative species of wildlife selected for this assessment are:

Avian:
Buteo jamaicensis (Raptor) Red-tailed Hawk
Philohela minor (Non-passerine) Woodcock

Mammalian:

Blarina brevicauda (carnivore) Short-tailed Shrew
Marmota monax (herbivore) Woodchuck
Odocoileus virginianus (herbivore) White-tail Deer
Svivilagus floridanus (herbivore) Cottontail Rabbit

Wupes vulpes fulva (omnivore) Red Fox
Reptilian:
Chelydra serpentina (omnivore)  Snapping Turtle

Figure 1 shows a general review of the potential routes of exposure
and Figure 2 shows the simplified food web relationship of these target
species. Individual pathway parameters of exposure are presented in
Table 1.

EXPOSURE ASSESSMENT PATHWAY
MEDIA CALCULATIONS

From previously derived emission rates, the ISCLT model and the
California Air Resources Board deposition algorithm were used to
calculate the total deposition rate and air concentration at the defined
receptor locations.

The deposition rate was used to determine the average soil
concentration which, in tum, was used to estimate the concentratiop
accumulated in vegetation from root uptake at each of the selected
habitats. Emission rates were used to calculate surface water
concentrations which, in tum, were used to estimate the body burden
of fish in the Niagara River and Gill Creek within a 5 km radius of
the HWI1. The air concentration from the initial air modeling effort was
used to calculate the amount of each selected indicator constituent which
would be inhaled directly by the target species.

Exposure Scenario

A food chain or food web was constructed for each target species.
A food web is, by definition. a series of food chains connecting
producers and consumers in an ecosystem. Producers are the plants
which make up the base trophic level. Consumers are the representatives
of all other trophic levels including herbivores, carnivores, omnivores
and parasites.

The principal mode of constituent transport is via the atmospheric
pathway with deposition onto soil, surface water and vegetation.
Subsequent fate and transport processes result in the final constituent
concentrations in the selected media as determined below.

The total daily uptake (mg/kg/day) of the target species was calculated
by adding the amount of constituent ingested through: (1) consumption
of vegetation, (2) direct ingestion of soil, (3) surface water, (4) fish
tissue, (5) inhalation and (6) ingestion of other target species.

Methodology for Caiculation of
Soil Concentrations

Soil concentrations of the selected indicator constituents were
calculated for each receptor location based on total deposition rates

Table 1
Estimated Diets for Selected Target Species
Average Inhalation Arthropods Herbaceous Shrubs
Body Weight Water Soil Air Earthworms Plants Trees Prey Fish
kg ml1/day g/day L/day g/day g/day g/day g/day gq/day
Species
Avian d f
Red-tailed Hawk 0.750 45,09 3607 ¢ 112.0
Woodcock 0.135 8.12 0.013¢ 65 20.0
Mammalian b d
Short-tailed Shrew  0.022 3.2 0.002¢ 104 22.09 N
Woodchuck 4.200 87&05 0.420¢ 1362 252,0
White-tail Deer 50.00  3000% 5,000 22454 1750 1750"
Lottontai) Rabbit 1.450  210.0 0.145¢ 470 43.5" 43.5" h
Red Fox 5.200  312.09 0.520° 1686 78.0" 78.0" 156.0
Reptilian
2 b e h h
Snapping Turtle 10.00 600.0 1248.0 60.0 540.0

Average of 0.15 m1/g/day water
Soil ingestion equals 1.0 X 10~
Average
Average
Average
- Average
Average
Newell et al., 1987,
for Piscivorous Wildlife.

470f body weight

* TG D QN o
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Average of 0.06 ml/g/day water required for metabolic homeostasis
required for metabolic homeostasis

of 0.6755 m1/g/hr oxygen required for metabolic homeostasts
of 0.260 m1/g/hr oxygen reguired for metabolic homeostasis
of 0.150 g/g/day food required for metabolic homeostasis
of 1.00 g/g9/day food required for metabolic homeostasis
of 0.06 g/g/day food required for metabolic homeostasis
Niagara River Biota Contamination Project:

Fish Flesh Criteria



specific for each location.
The basic formula used to determine the concentration of the selected
indicator constituents in soil due to aerial deposition is:

DR (ug/m°/yr) « T « K = R
MD (m) + BD (kg/m’)

S0i1 concentration (mg/kg) =

Where: )
DR Deposition Rate
T Accumulation Time of 30 years

K Conversion Constant 1 mg
1000 ug

R 1.0 Representing no loss of constituents due
to physical or chemical means

M0 Mixing Depth of 0.50 meters
BD Bulk Density of soil at receptor site 1250 kg/m3

SELECTED REMEDIT WASTE CONSTITUENTS

EMISSIONS DATA
(CALCULATED EMISSION RATES)

ENVIRONMENTAL FACTORS

/ MODELING DATA \

DEPOSITION RATE SURFACE WATER CONCENTRATION AR CONCENTRATION

FISH INHALATION CONCENTRATION
S04 CONCENTRATION CONCENTRATION FOR TARGET SPECIES
INGESTION BY
TARGET SPECIES
INGESTION BY
YEGETATION TARGET SPECEES
CONCENTRATION
INGESTION BY
TARGET SPECIES

INGESTION BY
TARGET SPECIES

\ OALY DIET OF FOOD/WATER/AR /

TARGET SPECIES BODY BURDEN
(TOTAL AMOUNT OF INTAKE)

Figure 1
General Pathway

Methodology for Calculation of
. Surface Water Concentrations

The surface water concentrations were derived based on the Tier I
analysis as referenced by the U.S. EPA®. Subsequently these
concentrations will serve as the exposure concentrations for the
calculation of constituent uptake by fish through the surface water
pathway and transfer via the food chain into the target species. The
following equation was used to calculate the surface water
concentrations:

ER (g/s) *« EC * R = K @)

Surface Water Concentration (mg/L) - 3
River flow (ft™/s)

CONSUMERS Il

shrew 4000 OO0 maemm  pEER FISH

CONSUMERS 1

PRODUCERS

% SIMPLIFIED FOOD WEB INTERACTION OF TARGET SPECIES

Figure 2
Food Web

where:
ER = emission rate
EC = emission constant, which represents the
percentage of stack emissions depoited on the
surface water
R = fraction of selected indicator constituents
in the water column

K = conversion

constant 1000 mg 1 f¢

g 28.32L

River Flow = The average annual flow of the body of surface water.

Methodology for Calculation of
Plant Tissue Concentration

Generally, there are four main pathways by which a constituent in
the soil can enter a plant. These are:

¢ Root uptake and subsequent translocation by the transpiration stream

® Vegetative uptake of vapor from the surrounding air

¢ Uptake by external contamination of shoots by soil and dust, followed
by retention in the cuticle or penetration through it

* Uptake and transport in oil cells which are found in oil containing
plants like carrots and cress

The amount of an organic constituent found in a plant will be the
sum total of each of these transport routes minus metabolic losses. Their
respective importance will depend upon the nature of the organic
constituent, the nature of the soil and the environmental conditions under
which plant exposure occurs. For the purpose of this risk assessment,
both foliar deposition and root uptake are addressed.

Using the soil concentration and total deposition rates derived
previously, the plant tissue concentration can be determined using the
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following formula:

Plant Tissue Conc. (mg/kg) = Surface Deposition (mg/kg)
+ Root Uptake (mg/kg) 3)
where:
Plant Tissue Conc. = Concentration of the indicator constituent in
vegetation as the result of foliar deposition
and root uptake.
Surface Deposition = Concentration of the indicator constituent
in vegetation as the result of foliar
deposition.
Concentration of the indicator constituent
in vegetation as the result of root uptake,

The following equation was used to calculate foliar surface deposition:

“Ktyr)

Root Uptake =

TOR (ug/m2/yr)[R(1-e

Cq (ug/kg)
(kg/m?)  k (1/yr)

where:

€4 = Concentration of the fndicator constituent in vegetation as the
result of follar deposition.

TOR = Total Deposition Rate

R = Vegetation interception fraction as derived from Baes et al., 1984.

k = Rate constant for surface degraduton processes as calculated from
Baes et al., 1984 (36.] yr

T = Length of the growing season from Baes et al., 1984 (0.51)
f = Fractton of the year the plant is in the field (1.0).

Y = 8iomass of temporal/evergreen forest, Whittaker and Likens, 1973
(36.0).

The following equation was used to calculate root uptake concentrations:

Root Uptake Concentration (mg/kg) = Soil Concentration x RUF x EP
(5)

where:

Soil Concentration = use site-specific concentrations for
selected indicator constituents.

Root Uptake Factor

Edible Portion of plant, 50% (Heichel and Hankin, 1976)

which accounts for the percentage from root uptake that

is partitioned to the leaves and growing shoots of the

vegetation.

RUF
EP

Root Uptake Factors (RUFs) of organic constituents were derived
based on work by Briggs et al.,”. Briggs studied the uptake of organic
constituents from solution by barley shoots and established the following
relationship between the root concentration factor (RCF) and the
octanol/water partition coefficient (Kow) for the organics tested:

RCF = Antilog {0.77 (logK ) - 1.52] + 0.82 (6)

The RUF for each constituent can be determined from the RCF given
the following relationship:

RUF = RCF

K, (F)
Where: Koc = Soil-organic carbon-water partition coefficient
Foc = percent organic carbon content of soil 0.05
RCF = Root Concentration Factor

Koc values for the selected indicator constituents were obtained from
the U.S. EPA, Superfund Public Health Evaluation Manual,? Foc
values were obtained from the USDA Soil Survey. The Root Uptake
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Factors for selected inorganic indicator constituents are those publighed
by Baes, et al’.

Methodology for Calculation of
Fish Tissue Concentration

The accumulation of the constituents in fish tissue involving the
processes of bio-concentration and bio-magnification were calculaged
using the following formula:

Fish Tissue Concentration (mg/kg) = Surface Water Concentration

(mg/L) * BCF (Likg) ()

where:
Surface Water Concentration = Site-specific values
BCF = Bio-concentration Factor of the selected
indicator constituents

Methodology for Calculation of Target Species
Total Daily Exposure

The methodology used in the calculation of the total daily exposure
of each target species follows the methodology set forth by the US.
EPA'. Since the methodology in the U.S. EPA's Manual has been
developed for human exposure, target species-specific factors were
developed to more accurately describe the exposures to individual
species. These factors are presented in Table 1. This methodology
assumes that the daily concentration of the selected indicator constituent
bio-accumulated in the target species is assumed to equal the daily dose
ingested and follow a linear additive bio-magnification model.

Total exposure of a target species is defined as the summation of
exposure from each individual pathway. Sources of exposure can be
represented mathematically as:

S0ily,p, (mg/day) = Soi) Conc. (mg/hg) + Sofl ingested (kg/day) » G - OF (8)

where:

« Constituent exposure of the target ipecies &1 the resylt
of ingestion of soil.

Soil Conc, = Sotl conCentration.

Sofl Ingested « 7ht target species ipecific rate of ingestion of soil as
fined in Tadle 1.

GAF = A Gut Absorplion Factor of 100 percest was not used for
this pathway as soil ts not a norms) dietary component.
Constituent atsoclations with foodstuffs snd water, are
for the moit part reveriible; whereas, particuler binding
of conitituents to 30!l 15 for the most part irreversible.
Therefore, for thls exposure scenario &4 GAF of 10X for
inorganics (Osweiler et al., 1985) and JOX for organics
(Devito et al., [988) 13 used.

OF - Digestion Factor S53 (0.55) which represents the average
of ruminant (65K) and non-rumimant (45X) target species
{Maynard et al., 1979).

io!l"’_

Water,, . (mg/day) - Surface water conc. (mg/L) * water ingested (L/day) » GAF + '(9)

where:
nler“p * Constiluent eapoture of the target species as the
) result of ingestion of water.

Surface Water Conc. » Mater concentration.
Mater [ngested = The Target species specific rate of Ingestion of water.
GAf « Gut Adsorption Factor 100% (1.0).
OF « Digestion Factor 100X (1.0).

Voqcullon"p.(-glau) o Plant Tissve Conc. (mg/kg) - Asount legested (kg/day) * ONF b

where:
vmmm"p = Constituent exposure of the target species as the
result of ingestion of vegetation,
Plant Tissue Conc, = Plant concentration.

Amount Ingested = The target species specific rate of ingestion of
vegetation.

GAF = Gut Absorption Factor 100% (1.0).

OF « Digestion Factor 55X (0.55) which represents the
average of ruminant ( and non-rumtnant (45%)
target species (Mayrard et al., 1979).

Fiihg,o. (m0/dwy) = Fish Flasue Conc. (ma/kg) - Fish Ingested (kg/day) » oA « OF (1)



where:
Fish“p. = Constituent exposure of the target species as the
result of ingestion of fish.
Fish Tissue Conc.= Fish concentration.

Fish Ingested = The target species specific rate of ingestion of fish
as defined 1n Sectfon E3.0.

GAF = Gut Absorption Factor 100% (1.0).

DF = Digestfon Factor 55X (0.55) which represents the
average of ruminant (65%) and non-ruminant (45X}
target species (Maynard et al,, 1979).

Keatgyp (mg/day) = P.S. Tissue Conc. (mg/kg) = P.S. Ingested (kg/day) - GAF + DF (12)

where:

Meat, Constituent exposure of the target species as the

result of ingestion of meat.
p.S. Tissue Conc.= Prey species tissue concentration

P.S. Ingested = The target species specific rate of ingestion of meat
as deffined in Table 1.
GAF = Gut Absorptfion Factor 100% (1.0).
DF = Digestion Factor 55% (0.55) which represents the
average of ruminant (65X) and non-ruminant (45%)
target species (Maynard et al., 1979).

exp’

Alr,

expe (S3/007) = Air Conc. (ug/m’) + Afr Inhaled (L/day) = LAF - K (n/L)(masug) (13)

where:

Air“p. = Constituent exposure of the target species as the
result of inhalation.

Afr Conc. = Afir Concentration.

Alr Inhaled = The target species specific rate of fnhalation as
defined in Table 1

LAF = Lung Absorption Factor 1004 (1.0).
K = Conversion constants of m3/1000L and mg/100 ug.

Therefore, total daily oral exposure can be defined mathematically as:

T0EG a1 (mg/kg/day) = Sollexp. (mg/kg/day) + Haterew. {mg/kg/day) + Dietexp. (mg/kg/day)

14)
vhere:
TDEorn\ = Jota) dafly exposure of the target species as the result
of all oral-associated pathways
Soﬂexp. = Constituent exposure of target species as the result of
sofl ingestion,
Hatere‘p. = Constituent exposure of target species as the result of
water ingestion.
Dlete‘p. = Constituent exposure of target species as the result of
vegetation, fish, and meat ingestion.
While the Total Daily Exposure based on the inhalation exposure is equal to
the inhalation pathway alone.
TOE{patation (M/kg/day) = Alrg,,. (mg/kg/day) 15)

where:

TOE = Total Dafly Exposure of the target species as the
h y Expos get sp
inhalat fon result of all air-associated pathways.

Alrgyp. = Constituent exposure of the target species as the
result of the inhalation.

RISK CHARACTERIZATION

This section of the paper defines the risk characterization for terrestrial
species based on methodologies developed for a human health risk
assessment. Species-specific factors were developed to account for
Interspecies differences in uptake, absorption, excretion, etc. and adapt
the models to assess risk to local target species.

A comparison was made between projected intakes and available
reference levels (RFDs) for non-carcinogens and between calculated
risks and target risks for potential carcinogens. For non-carcinogens,
direct comparison is made between estimated intakes and available
reference levels, whereas for carcinogens, estimated intakes are
C.Ollilbined with upper bound carcinogenic potency factors to calculate
risk.

The carcinogenic risk estimate for multiple constituents is represented
by the following equation:

Risk = § (CDI; x Carcinogenic Potency Factory) (16)

where:

CDIi = Chronic Daily Intake for the ith Constituent

CPF - Carcinogenic Potency Factor from Superfund Exposure

Assessment Manual (USEPA, 1988).

Carcinogenic Risk of Constituents

Eight carcinogenic indicator constituents are associated with stack
emissions. These constituents were assessed to determine daily exposure
by either inhalation or ingestion. Probabilities of additional carcinogenic
risk of the selected indicator constituents were calculated for seven
receptor locations via the following pathways:

* Ingestion Pathway
¢ Inhalation Pathway

From the data derived for inhalation and ingestion pathways, a total
probability index can be calculated per constituent. This index is the
summation of probability indices for inhalation and ingestion exposures
at each receptor location.

Risk Calculation of Non-carcinogenic Effects

To address the non-carcinogenic effects of the selected indicator
constituents, a hazard index approach has been adopted based on U.S.
EPA Guidelines for Health Risk Assessment of Chemical Mixtures (U.S.
EPA, 1986). The hazard index for a specific constituent is defined as
the ratio of daily intake for that constituent to the constituent specific
RfD. The constituent specific hazard indices were calculated using the
following formula:

HI = CDI_ * RiD, a7y
where:
HI = individual hazard index for exposure to constituent i at
location p
CDI, = daily dose for constituent i at location p
RfD = acceptable daily intake, or reference dose (RifD), for

1

chronic exposure to constituent i

Any single constituent with an exposure level greater than the
reference level will cause the hazard index to exceed unity (1.0), and
when the index exceeds unity, there may be concern for a potential health
risk. For multiple constituent exposures, the hazard index may exceed
unity even if no single constituent exceeds its acceptable level. It is
therefore emphasized that the hazard index is not a mathematical
prediction of incidence or severity of effects.

DISCUSSION

A terrestrial food-chain assessment of a project such as a HWI is
ultimately an integrated evaluation of historical, chemical, analytical,
environmental, demographic and toxicological data that are as
site-specific as possible. Ultimately the precision of an ecological risk
assessment is limited by the size and quality of the data base. This
limitation can be overcome by defining a range of extremes. Specific
areas of uncertainty include:

Receptor species

Emissions data bases

Air modeling

Fate and transport estimates

Exposure estimates

Toxicological data and risk characterization
Complex interactions of uncertainty elements

To minimize the effect of these uncertainties in the evaluation, each
step should be biased toward conservative estimations. Since each step
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builds on the previous one, this biased approach should more than
compensate for adjustments made to the human health-based criteria.
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ABSTRACT

A risk analysis was performed for the surface water and groundwater
contaminant transport pathways for a remediated dioxin site. The site
had been used to store barrels of herbicide containing
2,3,78-tetrachlorodibenzopdioxin (TCDD). Leaks in the containers and
subsequent TCDD migration had contaminated the soil at the site.

The site had been remediated by removing and incinerating the soil
which was then backfilled into the excavated areas of the site. The hazard
associated with the remaining TCDD levels was determined by modeling
the TCDD leachate from the soil and subsequent transport in the
groundwater to off-site environs. A first order leaching model was used
with semi-analytical solutions to the groundwater contaminant transport
equation for a porous medium. First order kinetic processes were used
to govern the contaminant mass in a recharged surface water body.
Maximum contaminant concentrations were bounded by using an
instantaneous release of the entire TCDD contaminant mass.

TCDD was identified as a probable human carcinogen because of
its classification as a B2 carcinogen through ingestion. Carcinogenic
risks were determined for potable water obtained from the aquifer at
a site boundary well and for the consumption of fish obtained from
the surface water body adjacent to the site.

INTRODUCTION

The site evaluated in this study had been used to store herbicides
containing 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). The soil in the
herbicide storage area had become contaminated as a result of leaks
in the storage containers. This soil was incinerated to reduce the TCDD
contamination levels. After incineration, some residual TCDD remained
in the soil that was backfilled into the excavated areas of the site.

The health hazards associated with the residual soil contamination
were evaluated using simple analytical water and groundwater surface
water models and conservative assumptions. The use of simplified
models frequently is adequate for regulatory purposes if they are
conservative. In addition, a sensitivity analysis was performed in order
to show the bounding, worst case scenario.

The purpose of this paper is to present the methodologies used in
this study and to demonstrate the effective use of simplified models
when the available data do not warrant the use of more sophisticated
models. This methodology is not limited to TCDD-contaminated sites
and may be applied to other contaminants.

CONTAMINANT MIGRATION PATHWAYS

The contaminant migration pathways that were considered in the risk
analysis included leaching of TCDD from the soil to the groundwater
and discharge of TCDD-contaminated groundwater into a surface water
body that was intercepting the groundwater aquifer.

EXPOSURE PATHWAYS

The exposure assessment considered two scenarios: (1) ingestion of
drinking water obtained directly from the aquifer and (2) consumption
of fish obtained from the surface water body. Individuals may be exposed
to the fish which have bioconcentrated the TCDD from the contaminated
water.

The exposure scenarios considered a maximally exposed individual
residing at the site boundary. The hypothetical individual was assumed
to obtain all drinking water from a well located at the site boundary
along the contaminant plume centerline. In addition, fish obtained from
the nearby surface water body were considered to constitute a major
portion of the individual’s diet. The surface water body was also assumed
to lie at the site boundary and intersect the groundwater aquifer. U.S.
EPA'? values were used for drinking water and fish consumption rates.

CONTAMINANT RELEASE SCENARIO

The release of the TCDD to the groundwater was modeled as two
distinct scenarios: (1) an instantaneous release of the entire residual
TCDD mass in the soil and (2) a time-variant release. The time-variant
release scenario used a first-order kinetic model to predict the TCDD
release from the soil to the groundwater. This procedure allowed the
determination of an upper bound estimate, using the instantaneous
release scenario, and a best estimate, using a time-variant release
scenario. This approach estimated the risk and the uncertainty of the
risk analysis.

CONTAMINANT RELEASE MODEL

The TCDD release model was evaluated using the conceptual model
illustrated in Figure 1.

A
Qs P G.
A

Qg = amount of TCDD in the soll (g)

Ad= decay rate constant of TCDD In soll (')

) L= leaching rate constant of TCDD from soil
to the groundwater (s')

Gw= groundwater

Figure 1
TCDD Release Model

The rate of change of TCDD in the soil with respect to time was
described by a first-order loss process as follows:
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€Q - -\, + N Q, )
dt
where:
Q, = amount of TCDD in the soil (g)

A

d

N

t

decay rate constant of TCDD in soil (sec™)

leaching rate constant of TCDD from soil to the
groundwater (sec™')
time (sec)

The solution to the above equation is:

QM = Q, (N )
where:
Q. = amount of TCDD att = 0
The Release Rate (R, g/s) was determined by:
R = QM N\, (3)
Substitution of the solution for Q,(t) yields:
R =[Q, M+iyn 4

The total quantity of TCDD released (T, g) was determined by
integrating the release rate from zero to infinity:

T = Q-0+ Mt gy )
Therefore, the total TCDD released (T, g) was given by:
T =_ QN

o+ N) ©
The total TCDD mass at time t = 0 in the soil was given by:
Qm =A*D* p
where:
A = the area of contamination (m?)
D = depth of contamination (m)
P = bulk density (g/m’)

The leach rate constant used in this study was designed to in evaluate
low level radioactive waste repositories®. Although this work was done
for radionuclides, these same parameters are defined for organic and
non-organic contaminants and may be used to describe their transport
through the soil. The leach rate constant (A ) was given by:

A= P (8)
(XWT 8) + (p KXWT)
where:
P = percolation rate (cm/sec)
0 = volumetric water content (cm’ of H O/cm’ of waste)
p = soil density (g/cm’)

XWT = waste thickness (cm)

The distribution coefficient may be related to organic adsorption
phenomena by the organic carbon partitioning coefficient (K_) which
is defined as:

mg of chemical adsorbed/kg of organic carbon ©)
K = mg of chemical dissolved/liter of solution

The distribution coefficient was defined in terms of the K_ by:
K,=K_*f_ 10)
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where:
f_ = the fraction of organic carbon in the soil
The decay rate constant of TCDD in the soil is given by:

Ln 2
Ay = w
Tl/Z
where:
T, is the half-life of TCDD in the soil (sec) (2)

The volumetric water content § was determined using the following
equation:

The retardation factor (R,)) was determined as follows (4):

n P
Ry = — + — Ky )
n. e
where:
n_= effective porosity
n = total porosity
p = soil density (g/cm’)
K, = distribution coefficient (mL/g)

GROUNDWATER AND SURFACE WATER MODELS

A simple groundwater model was used which assumes a constant,
unidirectional flow field in 2 homogeneous porous medium of infinite
lateral extent and finite thickness. A more sophisticated model was pot
warranted due to the lack of data characterizing the aquifer. However,
simpler models frequently give results adequate for regulatory purposes
if they are conservative and provide a worst case scenario. An analytical
solution to the groundwater transport equation was used to calculate
the contaminant concentrations at a well located at the nearest site
boundary. All release of TCDD from the soil was conservatively
assumed to enter the aquifer without any interference or time delays
in the unsaturated zone (Fig. 2).

I NN AP
g ey oy

groundwater flow

Figure 2
Cross Section of the TCDD Site

The equation for contaminant transport in groundwater is*:

ac u

— 4+ — VW = VDVC - C

at R,

C(O»X.)’vl) -0 3C(t,x,y,z-0,b)
az



where:

¢ = TCDD concentration (g/L)

D = dispersion coefficients (m?*/sec) = ap

o = dispersivity in x and y directions (m)

R, = retardation factor

xy,z = distance in the x, y and z directions from the point of
origin (m)

A = decay constant (sec™)

o = pore velocity (m/sec)

b = thickness of the aquifer (m)

v = the del operator

t = time (sec)

If the source is represented by an area with length L and width w
and the contaminant is released instantaneously at t = O, then the
solution to the above equation is*:

C(t,x,y,z) = ; X(x,t) Y(y,t}) Z{z,t) 15)
e d
where:
1 x+l2-n x-Ll/2-A ) 16)
X{x,t) = L [erf (4D,t/Rd)”z erf (4D,t/Rd)”z 1 exp (-Agt) (
Yiy.t) - L ferf —— WA y w2 ] an
2w {4D,t/R)? (4D, t/R )
2(z,t) = (18)
where:
A = u/R,
Q, = TCDD instantaneous release mass (g)
C = dispersion coefficient in the x direction (m*/'sec)
D, = dispersion coefficient in the x direction (m%sec)
D =a*u
Dy = dispersion coefficient in the y direction (m?sec)
o, = longitudinal dispersivity (m)
o, = transverse dispersivity (m)
L = the length of the source (m)
w = the width of the source (m)
I, = retardation factor
A, = decay constant (sec™)
3 = pore velocity (m/sec)
n. = effective porosity
eff = error function
b = the thickness of the aquifer (m)
t = time after release (sec)

This solution assumes complete mixing at the point where the
concentration is calculated. The solution was modified for a continuous
time-variant release by summing over a series of pulse releases. For
a time- variant release, Q . is a function of time described by Q(t).
When the pulse spacing is kept small relative to the standard deviation
of the pulse at the receptor, a continuous time-variant release can be
simulated by’:

k  Q4(t))
C(t,X,y,z) = 3 _— X(X,t-t‘) Y(.Y1t't|) Z(Z’t'ti) (19)
i=1 n, Ry

where:

Q) = the TCDD mass released during a pulse i (g)
t = time of pulse release, i (sec)
k = the number of pulses

Release rates were calculated on a yearly basis. The amount of
contaminant in each pulse was given by:

(20
R *§
where:
R = release rate
o = the incremental time step

The incremental time step was determined by the dimensionless
standard deviation of a pulse given as®:

2 8

g = + ) 0.5 21
Pe Pe

where:
Pe = the peclet number

The peclet number represents the ratio of advection to dispersion and
is given by:

X
Pe = 2)
[0
where:
X = the longitudinal distance to receptor location
o' = longitudinal dispersivity

The incremental time step (8) was determined by:

6 =0*GWT (23)

where: GWT = groundwater travel time =(x/p) R,

The contaminant flux entering a surface water body which intersects
the aquifer for the conditions expressed for the groundwater model
described previously is given by:

Qq
F(x,t) = LR [ (7D,t/R)) /% [erf(z,)  erf(z,))
24
DX
lexp(-2,%)  exp(-2,7)1) exp(-A,t)
d
where:
i L
X —t+—
. TS (25)
! (40,t/R,) /2
and
i L
X t —
R, 2
z
¢ (40,t/R )12 26)
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F(x,t) = TCDD flux at distance x and time t (g/sec)

Q, = TCDD impulse release mass (g)

D, = dispursion coefficient in the x direction (m’/sec)
D = dispersion coefficient in the y direction (m'/sec)
L = the length of the source (m)

R, = retardation factor

)\d = decay constant (sec)

m = pore velocity (m/sec)

erf = error function

t = time after release (sec)

The corresponding flux for the time-variant relcase scenario is given

by *:

k
F(X,t) - ’Z F(xvt't1) Qd(t1) n
i=]
where:
F(x,t) = TCDD flux at distance x and time t (g/sec)
Q,(t) = the TCDD mass released during a pulse i (g)
t = time of pulse release. i (sec)
k = the number of pulses

The conceptual model illustrated in Figure 3 was used to model the
contaminant mass in the surface water body.

Source .Flux SWB A.z
R(t) Q

A

SWB = Surface water body

R(t) = discharge rate of TCDD to SWB (mg/s)

Q = amount of TCDD in the SWB (mg)

A1 = loss rate constant due to water axchangs (§

A
2

1
)
= TCDD surface water decay rate constant (§7)

Figure 3
Conceptual Model for the Surface Water Body

The conceptual model may be represented mathematically by the
following differential equation:

dQ

=R -\ +)) Q (28)
dt

R(1) = discharge rate of TCDD to the surface water body
(mg/sec)

Q = amount of TCDD in the surface water body (mg)
A = loss rate constant due to water exchange (sec')

A, = TCDD surface water decay rate constant (scc '

t = time (sec)

120 FATE

The solution to the above equation with the conscrvali\{e assumption
that R(t) was a constant (R) and was equal to the maximum flux to
the surface water body (R = max F(x.1)):

R
Qt) ——— (1
(A, +3,)

It was assumed that the mass of TCDD in the surface water body
reached steady state, thus the above equation simplified to:

e-(Al + Az)t) )

R
Q= (30)
A AN
where.
R = maximum discharge rate of TCDD to the surface water

body (mg/sec)
The resulting steady-state concentration of TCDD In the surface water

body was given by

R
(A, +X,) 3y
c -
v
where:
C = steady state concentration of TCDD (mg/L)
v = volume of the surface water body (L)

The water level in the surface water body was assumed to remain
constant, thus the loss rate constant was given by:

A\ =_F 62
\'

where:

A = loss rate constant to due to water exchange (sec’)

F = flow rate out of the surface water body (m*/sec)

\4 = volume of the surface water body (m')

CARCINOGENIC RISK CALCULATION

TCDD is classified by the U.S. EPA® as a B2 carcinogen through
ingestion, which idenufies TCDD as a probable human carcinogen.
The potential carcinogenic nsks from the consumption of potable water
and fish consumption were determined using chronic daily intake
equations and carcinogenic potency factors according to guidance given
by the U.S. EPA®. Potential carcinogenic risks were determined for
concentrations determined in the surface water and groundwater at the
receptor location for both the instantaneous and time-variant release
scenarios.

CONCLUSION

In performing risk assessments, the analyst often 1s faced with a lack
of the site-specific data needed to define the hydrologic conditions of
the site. In this study, the lack of site data required the use of simplified
models and conservative assumptions. The usc of simplified models
and conservative assurnptions can provide adequate results for regulatory
purposes. The use of both instantaneous and time-variant release
scenarios allows the analyst to present a simplified quantitative
assessment of the expected uncertainty in the analysis. The models used
in this study are not limited to TCDD- contaminated sites and may be
applied at other hazardous waste sites.
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Groundwater Source Separation Using Chlorinated Organic
Compound Degradation Series and Inorganic Indicators

Martin J. Hamper
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Chicago, Illinois

ABSTRACT

The investigation was performed to determine if the volatile organic
compounds (VOCs) detected in groundwater adjacent to Winnebago
Reclamation Landfill (WRL) are from leachate releases from the facility
or from a VOC plume reported to be emanating from an upgradient
NPL site, known as Acme Solvents Reclaiming, Inc. (Acme). The
approach undertaken was to first compare the leachate chemistry and
the groundwater chemistry to identify which wells have been affected
by leachate from the landfill. The groundwater chemistry of VOC-
impacted wells was compared with wells impacted by landfill leachate,
indicating that a distinct leachate plume is present and different than
the VOC plume.

The leachate plume from the landfill is well defined by chloride ion
content and begins in the center of the landfill and extends to just past
the downgradient edge of the landfill. There are chlorinated ethenes
both in and outside of the leachate plume, indicating that the leachate
plume is mixing in a pre-existing VOC plume. The presence of VOCs
at the east end of the landfill is not attributed to the presence of landfill
leachate since they are present hydraulically upgradient of the landfill,
and the chloride concentrations at that location are not increased as
would be expected if leachate was the source. Groundwater chemistry
which does not show the presence of chlorides in elevated concentra-
tions is not affected by landfill leachate.

The presence of VOCs at the southeast margin of the landfill gives
the appearance of a bimodal distribution of VOCs in the groundwater
in the area. This bimodal distribution may be due to one or more of
the following causes:

¢ The wells between Acme and WRL do not intersect a flow path
through the fractured dolomite that is responsible for the transport
of VOCs from Acme.

¢ The appearance of a bimodal distribution could be the result of inter-
mittent and spatially variable recharge.

* Biodegradation may play an important role in explaining the
appearance of the bimodal distribution of VOCs. Biodegradation could
increase the concentration of less chlorinated species which could
give the appearance of a bimodal distribution of VOCs.

Introduction

The primary focus of the investigation performed was to determine
if the volatile organic compounds (VOCs) detected in the groundwater
were the result of a release of leachate from Winnebago Reclamation
Landfill (WRL) or from a VOC plume emanating from an upgradient
NPL site, known as Acme Solvents Reclaiming, Inc. (Acme). The
differentiation of sources of released materials is necessary for deter-
mining responsibility for any required cleanup efforts. Warzyn's
approach was to first compare the leachate chemistry with the ground-

122  FATE

water chemistry and identify which wells have been impacted by leachate
from the landfill. Secondly, the groundwater chemistry of VOC affected
wells was compared with wells impacted by landfill leachate.

A previous study of these two sites as part of the NPL listing process
noted a bimodal distribution of organic constituents in the groundwater
exists in this area. This analysis was interpreted to support the presence
of separate groundwater plumes emanating each site'. Both Acme and
WRL were placed on the NPL and are being studied by consultants
to the PRP groups. WRL was placed on the NPL due to the detection
of arsenic and cadmium in a2 monitoring well adjacent to the landfill.

The key organic groundwater chemistry difference noted in previous
studies was that the relative amount of trans-1,2-dichloroethene appeared
to be greater in the groundwater under the landfill than under the Acme
site’. Wood et al. stated that vinyl chioride, 1,l-dichloroethene, cis-
and trans-1,2-dichloroethene, 1,]-dichloroethane and chloroethane are
either not commercially produced or are not in wide use across the
whole country as are parent compounds such as tetrachloroethene, trich-
loroethene, 1,1.1-trichloroethane and methylene chloride’. It is possi-
ble that the appearance of a bimodal distribution of dichioroethene may
be the result of biodegradation of the VOC plume from the upgradient
Acme site. Cline and Viste reported that U.S. EPA Methods 601 and
624 typically used to analyze water samples for VOCs do not differen-
tiate between the cis- and trans-isomers of 1,2-dichloroethene, although
the data are reported as the trans-isomer since it is the priority
pollutant®. The cis-isomer is predominantly produced as the result bio-
degradation of trichloroethene’.

SETTING

The WRL is located approximately 5 mi south of Rockford, Ilinois,
in the Rock River Hill Country of the Till Plains Section of the Central
Lowland Province of Illinois’. The WRL occupies approximately
60 ac on a topographic high between Killbuck Creek to the west and
unnamed intermittent streams to the north and south. Killbuck Creek,
a perennial stream, flows within 250 ft of the western WRL boundary
and merges with the Kishwaukee River approximately 2 mi to the north.
There are no other surface water bodies within 1 mi mile of the WRL.

This municipal solid waste landfill has been licensed by the State
of Illinois since 1972 and is nearing capacity. The facility has a
bituminous liner and a leachate collection system. The leachate is dis-
posed of off-site. A system of leachate/gas extraction wells is used to
remove landfill gas and leachate. The western half of the landfill addi-
tionally collects leachate through a perforated pipe leachate collection
system on the top of the liner, which gravity drains to central collec-
tion manholes.

Wastes accepted at the landfill are composed primarily of municipal
refuse and sewage sludge. Prior to the startup of the gas collection sys-



tems in 1984, the landfill accepted wet sewage sludge (vacuum filter
cake at approximately 20 to 23% solids). Currently, the landfill gas
is used to power sludge dryers, which dry the sewage sludge prior to
disposal. A very limited quantity of special wastes were disposed of
at the facility prior to December, 1985. Special wastes accepted at the
facility were accepted under approved permits issued by the Illinois
Eavironmental Protection Agency (IEPA).

Approximately 1000 fi east of the WRL on an approximately 20-ac
parcel is the Acme site. The Acme site was used for disposal of waste
generated by Acme’s solvent reprocessing facilities in Rockford, Illinois
from approximately 1960 to 1973. The Acme site has been on the NPL
since 1983. The materials disposed of at Acme are generally un-
documented, but are known to have included solvent still bottom sludges,
non-recoverable solvents, paints and oils. The waste materials were
reported to have been transported to the site in drums which were either
emptied into unlined disposal lagoons or stockpiled. The IEPA indicates
four lagoons were actively used for the disposal of waste materials on-
site. IEPA reported that between 10,000 and 15,000 drums may have
been present on the site when it closed. The total quantity of waste
disposed of at the site during its operation is unknown. IEPA inspec-
tions in late 1972 and early 1973 indicate the waste materials in the Acme
ponds were not removed, but were covered with soil borrowed from
other portions of the site. It is also reported that an unknown number
of drums stored on-site were crushed and buried, rather than
removed'. Clean-up of the Acme site began in August 1986 and con-
sisted of removal of buried drums and contaminated soils.

SITE HYDROGEOLOGY
Unconsolidated Materials

The surficial unconsolidated materials of the area are predominantly
glacial drift deposits. The thickness of the unconsolidated materials
ranges from 8 ft to greater than 70 ft. The body of the deposits thickens
from east to west, forming a relatively thin mantle over the bedrock
upland in the east, and filling the deep bedrock valley to the west. This
transition begins beneath the eastern margin of the landfill where the
bedrock surface slopes downward forming the preglacial bedrock valley
wall. Based on regional information, the thickness of unconsolidated
sediments is expected to be approximately 100 ft under Killbuck Creek
near the WRL.

The soils beneath and east of the site are poorly-sorted sand and gravel
glacial ice-contact deposits. Portions of the sand and gravel were some-
times recognized as weathered bedrock. West of the site in the Kill-
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Water Table Map for May, 1989
Cross-Section Locations Also Noted

buck Creek Valley, and to the north of the site, the sediments are sand
and gravel outwash deposits. The soil types are predominantly fine to
coarse sands with occasional fine to coarse gravel zones 11 ft to 40 ft
thick. The surficial deposits south of the site are predominantly a silty
clay till up to 24 ft thick.

Bedrock

The unconsolidated sediments in the region are underlain uncon-
formably by the dominantly carbonate rocks of the Galena-Platteville
Groups (Ordovician System). The bedrock surface elevation is highly
variable due to paleo-erosional features. Regional information indicates
the thickness of these groups is expected to range from 250 ft in the
bedrock upland east of the WRL to 100 ft in the adjacent bedrock
valley’. The bedrock near the WRL is composed of dolomite, with
chert layers or nodules commonly noted throughout the dolomite. Shale
partings and coatings were noted only below 695 ft MSL. The dolo-
mite generally is fractured throughout the total depth sampled. The frac-
tures are dominantly horizontal bedding planes, frequently cross-cut
by high angle or vertical fractures. Vugs (void spaces) are consistently
found throughout the dolomite, with their presence ranging from slightly
vuggy to very vuggy. Cavernous zones were not noted. The Rock Quality
Designator (RQD) of dolomite core samples ranged widely from zero
to 100%, averaging 52.5%, with a standard deviation of 28.9% These
data provide an indication of the variably fractured nature of dolomite.
An up to 27 ft thick zone of highly fractured, soft dolomite was en-
countered in the near surface bedrock during exploratory drilling in
the vicinity of the northern intermittent creek on the Acme site, where
the RQD ranged from “too soft to core” to 28 %. Highly fractured zones
(low RQD) also were found between rocks containing few fractures (high
RQD), indicating rock competence did not generally improve with
depth.

Groundwater

The uppermost aquifer encountered in the vicinity of the WRL
changes in character due to the abrupt sloping of the bedrock surface
beneath the site. East of the WRL, and below its eastern third, the water
table occurs within the dolomite bedrock. From this boundary to the
west, the water table is present in unconsolidated materials. Regard-
less of the type of matrix material, the uppermost saturated unit in the
immediate vicinity of the WRL is under water table conditions. The
water table also occurs in the silty, clayey till to the south of the site.
The sand and gravel and/or dolomite aquifer beneath the till appears
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10 be under semi-confined conditions.

Ground water generally flows from the uplands east of the WRL to
the Killbuck Creek valley, but precise flow configurations within the
fractured dolomite are likely to be more complex in detail (Fig. 1). East
of the WRL, the water table is a subdued expression of the bedrock
topography; the water table slopes outward to the west, northwest and
to southwest from a generally east-west trending groundwater *‘high”
in the vicinity of the northeast-southwest trending dolomite bedrock
ridge (Fig. 1). The water table in the unconsolidated sediments gently
slopes towards the Killbuck Creek floodplain to the south and west of
the landfill.

A groundwater mound has been observed seasonally in the vicinity
of the northern intermittent creek, east of the WRL. It is thought the
mounding is due to higher recharge rates localized in this area. As dis-
cussed earlier, sandy sediments are underlain by highly weathered dolo-
mite bedrock perhaps enhancing the potential for recharge there.

RESULTS AND DISCUSSION

Table 1 contains a summary of the leachate inorganic chemistry data
developed in this study. The leachate is dominated by high chloride
content as well as high sodium and potassium content. The leachate
also has high alkalinity and specific conductance. Figure 2 is a trilinear
plot of the major cations: calcium, magnesium and sodium plus
potassium for groundwater and leachate samples as percent milliequiva-
lents per liter. The data plot generally along a line from the endpoints

Table 1
Leachate Inorganic Analytical

Chloride 17,300 3,740 3,630 2,720 2,490
Alkalinity 11,200 9,090 8,520 7,860 6,060
Specific

Condition 50,000 27,100 26,200 24,200 19,900
{umhos/cm)

pH 1.27 7.54 7.75 7.66 7.54
Sodium 10,200 1,620 1,440 1,090 968
Potassium 1,750 1,220 1,300 710 608
Calcium 241 40.3 37 29.9 93.1
Magnesium 812 136 70.8 5711 110

LEACHATE
AR N L VIR WAL W VUL VR . W VU N VS W R S G VY
50
————————— CALCIUM (7% meg/1)

Figure 2
Trilinear Plot of Groundwater and Landfill Leachate Data
Showing Trend From Leachate to Leachate-Affected Wells
To Unaffected Wells
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of leachate samples and upgradient water samples, indicating thar
leachate samples and groundwater samples can be discriminated on this
basis.

The plot of chloride versus sodium plus potassium exhibits a strong
linear relationship (R-squared = 0.998) indicating that chloride, too,
can be used to discriminate between leachate and groundwater samples
(Fig. 3). Chloride is generally considered 10 be non-reactive in ground-
water systems’™ and so is very useful as a groundwater tracer. Alka-
linity often is useful in discriminating between leachate and groundwater,
but a plot of log atkalinity versus sodium plus potassium shows a less
strong positive linear relationship (R-squared = 0.82), indicating the
potential for sources of alkalinity other than leachate (Fig. 4).

R-Squcred = 0.998
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Plot of Chloride (mg/L) Versus Sodium Plus Potassium (mg/L) for
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Figure 4
Plot of Log Alkalinity (mg/L) Versus Sodium Plus Potassium (% meg/l)
for Leachate Samples' and Groundwater Samples®
Note Variation in Groundwater Samples

Chloride concentrations are contoured on cross-sections along tran-
sect A-A for two separate sampling events (Figs. 5 and 6). Both plots
depict a chloride plume originating from the landfill and extending just
past the downgradient edge of the landfill. Downgradient movement
is evident from the increased chloride concentration in the deeper well
in the distal well nest between the two monitoring periods. It is also
evident that the deeper well (BISP) in the well nest where the plume
appears to originate is unaffected by leachate since it has low chloride
concentrations consistent with upgradient well concentrations.
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Chloride concentrations are contoured on cross-section B-B’ for both
rounds of groundwater samples (Figs. 7 and 8). These cross-sections
indicate that chlorides are elevated in the vicinity of only one well (G110).
This indicates that the chlorides at G110 are an anomaly and not charac-
teristic of a plume. This previously was attributed to intermittent surfi-
cial leachate seeps currently under control. More recently it was reported
that this area was used to load trucks for off-site shipment of leachate
for treatment and disposal. Given that chloride is a good indicator of
the presence of leachate, it appears that a well developed landfill leachate
plume is not present at the southern margin of the landfill.

Inspection of plots of alkalinities on these same cross-sections indi-
cates there are two zones of elevated alkalinities; one at Acme (B4)
and one at the southeastern margin of the landfill (Fig. 9). A similar
pattern exists for pH (Fig. 10). It is evident that landfill leachate 15 not
responsible for patterns of alkalinities and pH since chlorides, a relia-
ble indicator of landfill leachate, are not increased as would be expected

if landfill leachate were present.

VOCs found at highest concentration in groundwater samples col-
lected during this study were chlorinated ethenes, perchloroethene
(PCE), trichloroethene (TCE). cis-1.2-dichloroethene (DCE), vinyl
chloride (VC) and chlorinated ethanes (1,1,l-trichloroethane,
l.1-dichloroethane and chloroethane). Within each grouping, these com-
pounds may biodegrade through loss of a chlorine atom*® Wood, et
al. and Vogel and McCarty found that PCE degraded to TCE to DCE
to VC* Wilson, et al., and Barrio-Lage, et al., also found that DCE
degraded to VC*2. Barrio-Lage, et al., additionally determined that
the cis-isomer of DCE degraded to chloroethane as well as to VC*
The degradation product of trichloroethene is dominantly the cis-isomer
of 1.2 dichloroethene’. The degradation process is biologically
mediated and occurs under anaerobic conditions. The potential for
degradation of chlorinated compounds and the less widespread use of
less chlorinated compounds, indicates the presence of less chlorinated
species in groundwater result from the degradation of a more chlori-
nated parent compound.

The percent of PCE and VC relative to the total concentration of
ethenes in selected groundwater samples collected during this study
exhibits a general trend towards decreasing proportion of PCE and
increasing proportion of VC from east to west (Table 2). This finding
and the fact that almost all 1,2-dichloroethene detected in these ground-
water samples was the cis-isomer suggests that degradation is affecting

Table 2

Percent of Total Ethenes in Groundwater at Various Well Sites

B4
Bl6
G108
G109
B12
G113
G111
G114
G110
B13
BI5R
G115
MW106
P3R
G116
B16A
B11A
G109A
GI13A
P6
P4R
Pl
G116A

PCE

42.3
12
32.5
18.3
5.7
22
16.6
0
2

19.6

ICE

18.3

14.3

23.1
6
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0
31.6
13.2

0

5.5
15.9
26.1

30
22.5
15.7
16.7
14.9

DCE

89.5
50
59.1
53.4
58.1
66.5
62.9
65.5
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0
8.3
2.5
0
2
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the distribution of ethenes in groundwater. (Note that chloroethane was
not included in these calculations because a specific concentration of
chloroethane as a degradation product of cis-1.2-DCE could not reliably
be assigned since chlorinated ethanes are also present.) The distribution
of total ethenes in the groundwater is illustrated in Figure 11. The highest
concentration of ethenes was observed at location B4 (1912 ug/1), on
the ACME site Concentrations generally decline moving westward in
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the general direction of groundwater flow (Figure 11). Figure 12 is a
cross-sectional contour plot of total VOCs in wells along cross-section
A-A’ which shows that VOCs are present both inside and outside of
the chloride plume.

CONCLUSION

The leachate plume from the landfill is well defined by the chloride
content and begins in the center of the landfill and extends to just past
the downgradient edge of the landfill. Chlorinated ethenes are present
inside and outside of the landfill leachate plume, indicating that the
leachate plume is mixing in a preexisting VOC plume (Figs. 5, 6 and
12). The presence of VOCs at the east end of the landfill is not attributed
to the presence of landfill leachate since the chloride concentrations
are not increased as would be expected if leachate were the source and
the area is hydraulically upgradient of the landfill.

The bimodal distribution of VOCs in this area may be due to one
or more of the following possibilities:

¢ The wells between Acme and the landfill simply may not intersect
a flow path through the fractured dolomite that is responsible for
the transport of VOCs from Acme. Indeed, the Illinois State Geo-
logical Survey concluded that this dolomite is difficult to monitor
because adjacent wells may be finished in fractures that are not con-
nected to each other®. The southeast margin of the landfill has a
high density of monitoring wells in comparison with other areas on
the bedrock upland increasing the chances of intersecting a VOC flow
path from Acme.

The bimodal distribution could be the result of intermittent and
spatially variable recharge. This spatially variable intermittent
recharge could dilute the VOC plume resulting in variable VOC
concentrations, perhaps resulting in the appearance of a bimodal
distribution.

Biodegradation may also play an important role in explaining the
appearance of the bimodal distribution of VOCs. Biodegradation could
increase the concentration of less chlorinated species which could
give the appearance of a bimodal distribution of VOCs.

A leachate plume from the landfill has been identified by the chlo-
ride content and is mixing in a pre-existing VOC plume. Landfill
leachate is not responsible for the groundwater chemistry anomalies

at the southeast margin of the landfill due to the lack of elevated chlo-
ride content and this area is upgradient of the landfill.
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ABSTRACT operations are being evaluated as potential sources of contamination.

An RI/FS is being performed at the Wyckoff/Eagle Harbor Super- Several recreationally harvested fish species are found in Eagle
fund site, which includes Eagle Harbor itself. This is an embayment Harbor. National Oceanic and Atmospheric Administration research
located on the east side of Bainbridge Island in central Puget Sound. has shown the strong relationship between polynuclear aromatic
The harbor area was first settled in the 1870s. Current and historical hydrocarbons (PAH) in sediment and impacts on English sole, including
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inhibition of ovarian development. The ecological effects portion of the
RI/FS for Eagle Harbor attempted to better define the areas where
ecological effects were likely, to determine what the sources of con-
tamination were and to estimate whether existing levels of contamina-
tion were likely to continue.

During the RI/FS, a variety of effects were identified. Sediments in
large areas of the harbor have been shown to be toxic to marine
organisms. The use of benthic taxonomic evaluation provided some
additional supportive information.

An evatuation of GC/MS results indicated that the sources of the PAHs
in sediment are mostly of creosote type origin.

Three distinct transport features appear to dominate the overall move-
ment of sediment associated contaminants. These are, in order of
importance: (I) remobilization of bottom sediments by vessel propeller
induced currents; (2) near surface and possibly subsurface flow of dense
non-aqueous phase liquid (DNAPL) from the wood treatment facility
and (3) the potential movement of material from Rockaway Beach to
the north and into the harbor.

Future depositions of sediments are expected to be significantly lower
than in the past because of blocking of natural sediment sources, par-
ticularly shoreline armoring. This implies very little potential for burial
of existing contaminated material in subtidal areas. The potential for
future flow of DNAPL to the harbor is still being evaluated.

INTRODUCTION

Eagle Harbor is a small embayment located in Central Puget Sound
on the eastern border of Bainbridge Island. The harbor area was first
settled in the 1870s. Historical operations along the harbor have included
shipbuilding during World War II as well as wood treatment operations.
Current operations now include ship repair and maintenance facilities,
a wood preserving plant and several marinas. Figure 1 shows Eagle
Harbor along with the major current operations.

Previous investigations by the National Oceanic and Atmospheric Ad-
ministration (NOAA)*#, Washington State Department of Ecology®!
and the U.S. EPA have shown that sediments and clams in the harbor
are contaminated with polynuclear aromatic hydrocarbons (PAHs).
NOAA found lesions and PAH accumulation in liver tissue in English
sole collected during trawls of the harbor, as well as impacts on ovarian
development, indicating possible impacts on future populations. In 1985,
the Bremerton-Kitsap County Health Department issued a health
advisory against eating shellfish from Eagle Harbor.

The Wyckoff wood treatment facility and Eagle Harbor were pro-
posed as a Superfund site in 1987. The U.S. EPA has since contracted
CH2M Hill to conduct an RI/FS on the harbor. As part of its focus,
the study has attempted to answer a number of questions including the
following:

* What are the ecological impacts of sediment contamination in Eagle
Harbor?

* How large is the impacted area?

* Where has the contamination originated from?

¢ What are the major routes by which the contamination is moving
around within the harbor?

ECOLOGICAL ASSESSMENT
General Ecological Characteristics

Eagle Harbor is inhabited by at least 18 species of fish. The harbor
provides nursery and adult habitat for a variety of invertebrate species.
Important fish and invertebrates include rockfish, cod lingcod, cancrid
§mbs and pandalid shrimp. Several shellfish species are also present
in the intertidal areas of the harbor.

Most of the subtidal area in Eagle Harbor has sediment that is com-
posed of sandy silt to silty sand. Previous investigations of Eagle Har-
bor have shown elevated abundances of polychaeta—a pollution-sensitive
group. The active biological zone in Eagle Harbor sediments is consi-
dered to be the upper 10 to 20 cm.

Like the subtidal fauna, the nature of the intertidal fauna is deter-
mined in part by substrate (mud, sand or cobble). Intertidal communi-
ties within Eagle Harbor and the surrounding area have not been

extensively evaluated. The absence or near absence of macro-
invertebrates has been noticed in the immediate vicinity of oily seeps
around the Wyckoff facility®

Ecological Study Methods and Results

Previous NOAA research has focused on identifying a variety of
environmental effects in the harbor. The ecological effects portion of
this study focused on identifying those portions of the harbor that were
most likely to be producing those effects. The approach taken was
modeled after the triad method for evaluating environmental effects®.
This approach involves evaluating three components of sediment
quality—chemistry, toxicity and benthic effects. The toxicity of the sedi-
ments is determined through bioassay tests in contaminated and reference
areas. Benthic impacts are determined by evaluating the abundances
of major groups of benthic animals compared with those values found
in reference areas. In this approach to impact analyses, an area is con-
sidered impacted if one or more of the biologic tests shows a signifi-
cant effect.

To evaluate sediment toxicity amphipod and oyster larvae bioassays
were performed at 45 stations in Eagle Harbor as well as 10 reference
stations. Statistical comparisons were then performed between Eagle
Harbor stations and reference stations to determine whether a statis-
tically significant effect was observed in the Eagle harbor station.

One factor that has complicated the statistical comparison of stations
is the high mortalities that were found at some of the reference stations.
An evaluation of the data indicates that a likely reason for higher
mortality at a reference station is the higher level of silt content. Higher
mortality occurred only at reference stations with sediment containing
30% or more silt/clay (primarily silt).

Each station from Eagle Harbor was compared individually with a
group of reference stations with similar silt content using a pairwise
“t test.” There were three possible positive end-points for the bioassays:
(1) mortality of amphipods, (2) mortality of oyster larvae and (3) ab-
normality of oyster larvae. Ten stations in Eagle Harbor had mortali-
ties of amphipods that were significantly higher than their respective
reference stations (Fig. 2 - PAH concentrations are shown in Fig. 3).
Eleven stations had mortalities of oyster larvae that were significantly
greater than reference, while nine stations showed significant levels of
live oyster larvae abnormality. All three bioassay responses were sig-
nificant at four stations.

A benthic assessment was performed using counts of total crustacea,
mollusca, polychaeta and amphipoda, as well as presence or absence
of Phoxocephalid amphipoda. In Puget Sound, degraded areas generally
are characterized by a high proportion of polychaeta and mollusca, a
low proportion of crustacea and a general absence of certain amphi-
pod families such as Phoxocephalids. However, benthic assessments
are also confounded by the high station to station variability within
impacted or non-impacted areas. Causal connections are also compli-
cated by the variety of factors (biological competition, sediment charac-
teristics and physical disturbances) that can impact community structure.

At the stations sampled in Eagle Harbor, polychaeta and mollusca
comprised more that 75% of the fauna at 15 of the 42 stations sampled
(Fig. 4). The percentage of benthic fauna that were crustacea was less
than 25% at most stations in Eagle Harbor. Statistical analyses were
also performed in comparing benthic results with sediment physical
characteristics and contaminant levels. Polychaeta were found to corre-
late positively and significantly with HPAH and TPAH concentrations.

One additional affect was noted as part of the ecological assessment.
During the collection intertidal shellfish samples to evaluate PAH levels,
an absence of shellfish was seen in areas where intertidal seeps oc-
curred on the shoreline around the Wyckoff facility, and on the north
shore near the ferry maintenance facility and ship repair yard, similar
to the observations noted by Word, et al.”.

FATE AND TRANSPORT MODELING
Potential Sources

Possible scenarios for contaminant transport to Eagle Harbor include:
¢ Atmospheric deposition
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Stations Where Bioassay Responses Were Significantly
Greater than All Other Stations

Spills or dumps and subsequent redistribution by bottom currents
Intertidal and subtidal seeps from the Wyckoff facility

Longshore processes that would carry contaminated sediments from
the Wyckoff facility

Seepage of creosote from pilings

An ocean sediment transport model was used to identify possible as
well as unlikely paths for contaminated sediments, identify possible
areas of sediment deposition and erosion for both contaminated and
uncontaminated sediments and provide semiquantitative estimates of
rates for sediment transport and accumulation.

Chemical Fingerprinting

AH sediment chemistry results were evaluated in an effort to deter-
mine whether PAH in a given sediment was due to fuel oil or creosote.
All samples were analyzed for PAH concentration by an HPLC pro-
cedure. Target compounds included the 16 PAH compounds on the
Priority Pollutant list. Samples also were analyzed for nitrogen-
containing aromatic compounds (NCAC) by GC foilowed by alakali-
tipped flame ionization detection (AFID). Target NCAC compounds
included: carbazole, quinoline, benzothiazole, benzonitrile, isoquino-
line, indole, benzoquinoline, acridine and methylcarbazole. Confirma-
tion of these analyses was performed on 25% of the samples using
GC/MS. The GC/MS analyses also allowed for source identification
and tracing via analyses of tentatively identified compounds.

PAHs constitute a variety of compounds that vary in their physical
and chemical properties. PAH compounds are a major component of
both creosote and fuel oil, which are the suspected sources of contami-
nation in Eagle Harbor. Creosote, which may be approximately 90%
PAHs, is a viscous liquid. Fuel oil typically contains 2 to 20%'
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One feature of PAH chemistry that complicates the task of separating
past from present effects is that PAH mixtures in the environment change
over time. As lower molecular weight and more soluble components
dissolve, vaporize or degrade, the remaining resistant componeats
become relatively more abundant.

The NCAC levels, relative amounts of paraffins and ratios of indi-
vidual PAH compounds are useful indications of sources of contami-
nation. Comparison of samples from Eagle Harbor with suspected
source materials indicates the presence of contaminants from creosote
in the central harbor and on both the north and south shoreline. Other
hydrocarbons are present in greater proportion along the north shore-
line and at greater distance from the Wyckoff facility. Contamination
near the Wyckoff facility closely resembles creosote or wood preser-
vative wastewater and sludges. Figures 5 and 6 show this comparison
for PAH ratios. The ratios for fuel oil and bunker oil are from Neff',
the ratios for the “‘low napthalene™ creosote are from Ingram?® and the
creosote multi-component standard is from Nestler®.

Sediment Transport
The model development involved the following elements:

* A numerical model that computes the spatial and temporal distribu-
tion of the velocity field from the known geometric and tidal boundary
conditions

® A numerical model that computes the velocity field generated in
response to surface wind stress

* A calculation technique that uses a number of model applications
to predict alongshore transport

* A computer model that predicts the velocity fields (and critical grain
size for movement) generated by vessel propeller action
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Average Concentrations of TPAH Calculated by Kriging (ug/kg)

* A set of criteria that evaluates the potential for sediment erosion,
transport and deposition

Tidal circulation was simulated with a vertically integrated, two-
dimensional finite difference model; wind driven circulation was simu-
lated with the same type of model. Vessel effects were assessed by using
a farfield velocity prediction routine for propeller induced, jet-like
flows. The overall circulation of the harbor was predicted by taking
a linear superposition of the results of each of the above models.

Oceanographic studies were performed to support this modeling
effort. These include:

* Bathymertric, hydrographic and water level measurements and data
processing

* Compilation and processing of existing wind data

® Wave climate predictions

¢ Current speed and direction measurements _

¢ An evaluation of the potential for sediment movement and deposition

Examination of velocities in the harbor, based on the model results,
indicates that only a small interval of grain sizes will be subject to depo-
sition. Very fine sand and course silt, if available, can be deposited
throughout most of the harbor. Coarser material cannot be transported
within the harbor, and finer material will not be deposited but will be
flushed out by tidal currents. This phenomenon is shown schematically
in Figure 7.

Depositional areas in Eagle Harbor include deeper parts of the inner
harbor, the shoal northwest of the Wyckoff facility and the immediate
vicinity of streams entering the harbor (Fig. 8). Sediment probably does

not accumulate in the area of the PAH “hot spot” in the central harbor
because of the lack of source of coarse grained materials that could
be deposited there. Ferry propwash prevents deposition of the finer sedi-
ment in the central harbor that has accumulated in other parts of the
harbor.

In summary, three distinct transport features appear to dominate the
overall movement of sediment in the harbor:

® The potential movement of material from Rockaway Beach to the
north and into the harbor

* Remobilization of bottom sediments by vessel propeller induced cur-
rents (Fig. 9)

® Deposition of fine grained material in selected areas of the harbor

Sedimentation rate studies using lead 210 data indicate deposition rates
of 1.0 to 1.7 mm/yr® at three locations in the harbor. This result is
based on cores dating back to approximately 200 to 300 yr. However,
the sediment load from the watershed and shoreline sources to the har-
bor may have varied significantly from the long-term average in recent
years due to land cover changes and land use practices in the watershed
and the construction of shoreline protective structures.

Although the lead 210 data may be expected to reflect past sedimen-
tation rates, future rates are expected to be much smaller than in the
past. Typically, 75% of the particulate load to Puget Sound is from river-
line and shoreline sources. There is no reason to expect this deposition
rate to be different for Eagle Harbor. An analysis of watershed processes
and soil loss estimates, and the nearly total armoring of the shoreline
of the harbor and adjacent Rockaway Beach, indicate that the major
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For Eagle Harbor
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Figure 6
PAH Composition in Sediments from Central Harbor
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sources of sediment have been effectively reduced or eliminated. Future
sedimentation rates in the harbor will quite likely will be an order of
magnitude less than in the past.

PAH Fate and Transport

The physical and chemical properties of PAH suggest that they are
strongly absorbed to particulate surfaces. However, the relation between
PAHs and particle size fraction is not clear-cut. Many organics are
strongly associated with fine fractions. However, PAH compounds in
Washington coastal sediment often have been associated with larger,
low density particles.

Groundwater transport of PAH compounds in creosote and fuel oil
is also complex. As these products migrate through the saturated zone,
PAH compounds can occur in three phases: floating, soluble and sinking.
Seeps of floating product have been observed from the shoreline
surrounding the Wyckoff facility.

Transport of PAHs in Eagle Harbor probably involves three primary
mechanisms: (1) absorption to sediment particles and transport or depo-
sition of those particles; (2) solution and transport in water; and
(3) separate flow of nonaqueous phase liquid. Results of sediment trans-
port modeling suggest that removal or movement of PAH absorbed to
sediment is likely to be slow. Rates of solution and transport in the water
column cannot be predicted from existing data, but are likely to be very
slow, especially for HPAH.

Movement of NAPL may affect distribution and redistribution within
the harbor, but is not likely to be a loss mechanism except for floating

NAPL. Flow of NAPL is a continuing source of PAH via intertidal
seeps and is a possible continuing source to subtidal sediments, either

Figure 8
Areas of Potential Deposition for Fine-Grained Sediment as
Predicted by Transport Model
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through near-surface or subsurface flow.

Processes that effect the persistence of PAH in the biological zone
of sediments in the harbor are biodegradation, photo-oxidation and
volatilization. LPAHs generally are more likely to be dispersed from
discharge areas by solution in water and volatilization to the atmosphere.
HPAHSs are lost by biodegradation and photo-oxidation, but are gener-
ally very persistent in aquatic sediments. Of these processes, only bio-
degradation is considered to have an impact on PAH persistence.

Another process that can have a significant impact on PAH values
in the biological zone is natural recovery or burial. Based on the sedi-
ment transport assessment presented earlier, it appears that PAHs
associated with bottom sediments: (1) will not be transported out of
the harbor and will not be rapidly dispersed within the harbor and (2)
will not be rapidly buried by clean sediment. In addition, reduced
sedimentation may enhance concentrations of PAH arriving from the
watershed.

CONCLUSIONS

Available data do not permit us to determine whether the PAH present
in percent amounts in the central harbor are there as a result of past
discharges or spills are as a result of possible continuing discharges
of DNAPL.. Some suspension or resuspension of PAH-contaminated
sediment may occur in areas affected by ferry propeller wash, but trans-
port away from the areas of higher level contamination may be inhibited
by the low bottom velocities and the grain size of the affected sedi-
ment. Separate phase flow of DNAPL contaminants may occur over
short distances in areas of the harbor where hydraulic gradients are
present. Additional studies are being planned to evaluate the potential
for DNAPL transport to the harbor.
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Figure 9
Predicted Area of Ferry Propeller Influence
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INTRODUCTION

The remediation of contaminated groundwater at hazardous waste
sites often involves alternatives for its extraction, treatment and dis-
posal. One alternative that may be considered is discharge of contami-
nated groundwater to a municipal wastewater collection system for
conveyance to a publicly owned treatment works (POTW). This paper
presents observations made during extended use of a city’s municipal
wastewater collection system and POTW for discharge of trichloro-
ethylene (TCE)-contaminated groundwater during aquifer and pilot
testing for an NPL site in Missouri.

As part of the Remedial Investigation (RI) conducted at the site, aquifer
testing was planned for a deep bedrock aquifer to evaluate its hydrogeo-
logic properties'. The deep bedrock aquifer was one of three area
aquifers, and only it produced an adequate quantity of water for a
drinking supply. It presently serves as the city’s municipal water supply.
The city’s wastewater collection system and POTW were proposed for
disposal of groundwater from the aquifer tests.

Information for this paper was gathered from three studies; a study
which examined the feasibility of using the existing sewer system and
POTW for discharge, the RI and the FS?. Data from these studies
were organized in two phases for this paper: (1) an evaluation of the
capacities and background contaminant levels of the existing sewer
system and POTW; and (2) an extended pilot testing program which
monitored TCE removal by air strippers, levels of TCE discharged to
the sewer from the air strippers and from an off-site well, and TCE
levels of the POTW influent and effluent.

To effectively and economically implement a remedial action for the
site, numerous site hydrologic characteristics were investigated during
the RI, including the extent of influence of recovery well pumping. To
characterize this information, aquifer tests were conducted at selected
on-site monitoring wells and abandoned Municipal Well No. 1 located
off-site. The aquifer tests consisted of pumping the wells at various rates
and measuring the water levels in surrounding wells to define the cone
of depression associated with potential operation of the recovery
well.2.

The proposed method for disposal of TCE contaminated groundwater
generated during aquifer and pilot testing was discharge to the city’s
municipal sewer system and treatment at the POTW. This method was
agreed to by the Missouri Department of Natural Resources (MDNR)
and the city, subject to pretreatment limits to be discussed later. The
following goals and objectives were developed to answer questions
associated with the use of the municipal sewer system and POTW for
possible extended disposal during remedial actions.

* Evaluate the capability of the POTW to remove TCE contamination
* Establish the POTW’s National Pollutant Discharge Elimination
System (NPDES) permit limitations or requirements
R -

¢ Determine the flow capacity of the sewer system

¢ Determine existing TCE concentrations in the collection system flow
path from near the site to the POTW

¢ Determine if TCE volatilization or dilution were occurring in the
collection system

¢ Document the effectiveness of air strippers in removing TCE during
aquifer testing and conformance to pretreatment requirements

¢ Evaluate any health risks associated with TCE vapors in the collec-
tion system or emissions from the POTW

SITE INFORMATION

The city is located in Missouri and has a population of approximately
6,000 people. Figure 1 shows the location of the site in the city. A former
industrial and manufacturing site, it had been leased and operated by
a number of business concerns through the years. The site consists of
a 21,000 fi* lot enclosed within a 6-foot high chain-link fence. A
former plant building, constructed before 1902, stood on the site. In
1979, the northern portion of the building was destroyed by fire. The
fire-damaged portion of the structure was demolished and the debris
was pushed into the basement under that portion of the building.
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In June, 1982, MDNR and the U.S. EPA selected the city's municipal
water supply wells for random sampling and analysis for volatile or-
ganic compounds as part of U.S. EPA’s National Synthetic Organic
Chemicals Survey. The locations of the municipal wells are shown in
Figure 1. TCE was detected at 15 mg/L in samples collected from
Municipal Well No. 1. This value was below Missouri's health-based
criterion which, at that time, was 27 mg/L. Additional samples from
all three city wells were collected in March, 1983. A TCE level of 10
mg/L was detected in Municipal Well No. 1 while none (at a detection
limit of 10 mg/L) was detected in Municipal Wells No. 2 and 3.

During the subsequent RI, volatile organic compounds, primarily
TCE, were detected in on-site subsurface soils and groundwater of the
three separate aquifer systems: the unconsolidated materials/fractured
shallow bedrock system, unfractured shallow bedrock system and decp
bedrock system. The unfractured shallow bedrock system is a minor
aquifer. The deep bedrock system is a major aquifer capable of yields
as high as 2,000 gpm. All of the city's municipal supply wells are located
in the deep bedrock aquifer. TCE contamination detected in the deep
bedrock wells varied, depending on the location of the well in relation
to the contaminant plume. TCE concentrations ranged from non-
detectable for most off-site wells, up to 200 mg/L for Municipal Well 1,
and up to 18,000 mg/L for on-site wells. Aquifer tests and pilot tests
were proposed for the deep bedrock wells to determine their hydro-
geologic properties for development of remedial pumping strategies.

BACKGROUND CONDITIONS

Based on historic data, it was anticipated that the aquifer testing and
pilot testing would generate up to 200 gpm of potentially TCE-
contaminated groundwater. Therefore, it was necessary to ensure that
the groundwater generated during these activities be properly controlled,

11

treated and discharged in a manner which met all RCRA, state and
local requirements. Because of the need for a readily available means
of discharge, the city's wastewater collection system and POTW were
proposed for discharge of the groundwater from aquifer testing. Before
initiating discharge to the sewer, the feasibility of conveying test flows
through the sewer system as well as the potential effects on the POTW
and its anticipated performance were evaluated. The existence of any
background levels of contaminants in both the sewer system and POTW
also was established.

Sewer System

An evaluation of the sewer system was performed to determine if TCE-
contaminated groundwater could be discharged to the system. The
objectives of the evaluation were to determine the following:

* The presence of TCE in the sewer system
* The ability of the sewer system to convey the additional flows

Once the presence of TCE contamination in the sewer system was
established, other objectives were added.

¢ Determine if volatilization or dilution of TCE from the wastewater
was causing a reduction of TCE levels in the system

* Determine the possible effects of discharging untreated or treated
TCE-contaminated groundwater to the sewer system, such as TCE
vapor build up, creation of health hazards to sewer maintenance
workers. or development of explosive atmospheres

Sewer System Description

A layout of the sewer system, sewer flow direction and year of sewer
construction are shown on Figure 2. Flows discharged from the site
would be conveyed to the POTW through both gravity sewers and force
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mains. From the site, wastewater flows in 8- and 10-in. vitrified clay
pipe (VCP) sewers, constructed in the mid-1950s, and continues in a
15-in. reinforced concrete pipe (RCP) to the lift station, both constructed
in the 1980s. From the lift station the flow is conveyed in a force main
to 18- and 2l-in. diameter gravity sewers leading to the POTW.

The condition of the sewer system had been evaluated during an earlier
infiltration/inflow (I/I) study®. The I/I study found the existing sewers
flowing at less than half capacity during normal conditions, but
surcharging during rainfall events. Infiltration/inflow was found to be
excessive in the older sewer sections. The sewers near the site were
found to surcharge during rainfall events. The I/I study recommended
that a sewer system evaluation survey (SSES) be conducted to further
evaluate the condition of the sewer system. The SSES included a physical
survey, television inspection and smoke testing of selected portions of
the system. The television inspection revealed that the condition of lines
near the site varied. As would be anticipated for VCP sewer lines con-
structed in the mid-1950s, many leaking joints and root intrusions were
observed. A sewer system rehabilitation program was conducted in 1984
to reduce 1/I sources.

Sewer System Background Sampling

In December 1986, and January, 1987, the MDNR collected water
samples in Southwestern Bell Telephone manholes near the site and
found trichloroethylene (TCE) and other volatile organics. The detec-
tion of these chemicals suggested the introduction of contaminated shal-
low groundwater into the sewer system. Wastewater was sampled from
selected manholes and analyzed for priority pollutant volatile organics
to establish background conditions. In addition, wastewater flow was
measured when the samples were collected using a calibrated V-notch
weir. The sampling was conducted on three occasions: June, 1987; July,
1987, and May, 1988. Sampling point locations and TCE concentra-

tions are shown in Figure 3.

The wastewater in manholes on the gravity sewer leading away from
the site contained TCE in various concentrations. In general, the TCE
concentrations decreased with distance from the site, as would be
expected, because of dilution by incoming wastewater from downstream
branches.

The decrease in TCE concentrations away from the site raised two
questions. Was the decrease caused by dilution or volatilization in the
turbulent wastewater flow? If significant volatilization was occurring,
could vapor build up to levels which might present a health hazard to
sewer maintenance workers? To determine whether dilution or volatili-
zation was causing the decrease in TCE levels, instantaneous flow
measurements taken during the June, 1987 sampling period were
examined. TCE concentrations, flow rates and TCE mass loads for three
manholes where flow was measured are listed in Table 1. The manhole
numbers correspond to those on Figure 3.

Table 1
TCE Concentrations and Flow Rates in Sewers
(June 1987 Sampling)

Manhole No. TCE Flow TCE Mass
(ppPb) (gpm) (pounds/day)
5 230 12 0.033
9 17 98 0.020
10 16 101 0.019

The decrease in TCE mass loading in downstream manholes indi-
cated that volatilization may occur within the sewer system. However,
the concentration of volatile organic vapors was measured before entering
the manholes but organic vapors were not detected above background
levels.
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Sewer System Evaluation

The flow capacities of the newer sections of the sewer system were
calculated from construction drawings. Flow capacities of the older
sewer sections, for which no construction drawings were available, were
established by a field survey to obtain pipe diameters and invert eleva-
tions. The sewers had adequate capacity to simultaneously carry peak
domestic wastewater flows and aquifer test flows, However, the sewers
are known to surcharge during heavy rainfalls, which would prevent
discharge of aquifer test flows during these periods.

POTW

The POTW was evaluated to determine if TCE-contaminated ground-
water could be discharged to it. The objectives of the evaluation were
to determine the following:
® The presence of TCE in the POTW influent, effluent or sludge
¢ The ability of the POTW to remove TCE from groundwater
¢ The capacity of the POTW to handle the additional flows
® Any adverse impacts the TCE might have on plant operations or

performance

POTW Description

As shown on Figure 4, the POTW is an activated sludge plant using
brush rotor aerators and mixed media filters. The design average flow
was 926,880 gal/day or 644 gpm, and the hydraulic capacity was 7.34
mgd (507 gpm). The plant is governed by a MDNR NPDES permit
which stipulates monthly average limits of 10 mg/L for biochemical
oxygen demand (BOD) and 15 mg/L for suspended solids (SS). The
permit stipulates a monthly average TCE discharge limit of 2 mg/L,
to be measured once every 6 mo.

Raw wastewater enters the POTW through a manually cleaned bar
screen and is pumped by two enclosed 54-in. screw pumps. The flow
is measured by a Parshall flume before it enters a multiple channel
aeration basin. Aeration and mixing in the basin are accomplished by
brush surface aerators. Next the flow enters two 55-ft diameter clari-
fiers. The clarifier effluent flows to filters equipped with an automatic
traveling bridge backwashing mechanism. Filtered effluent passes
through a chlorine contact basin and is discharged to a reaeration
structure.

POTW Background Sampling

A background sampling program was conducted at the POTW to determine
TCE concentrations in the plant influent, effluent, and sludge. The sample num-
bers and locations are shown in Figure 4. Samples were collected on June 11
and 12, and on July 14, 1987; the results are summarized in Table 2. During
the June sampling period, influent and effluent samples were collected at different
times of the day to determine diurnal variations in TCE concentrations.

Table 2
POTW Influent, Effluent and Sludge Samples
Sample ANALYTES
Mumbeg Location Rate ) {2) L) 8 L)

(ppd)  (ppd) (ppd)  (ppb)  (ppb)

TP1 Influent 6/11/87 3.1 3.9 7.0 ND ND
T™P3 Effluent 6/11/87 ND ND ND ND ND
TP2 Influent 6/12/87 9.8 ND(6) 38.0 4.6 ND
TP2A Influent 6/12/87 10.0 2.2 8.0 3.0 ND
TP4 Effluepnt 6/12/87 ND ND ND ND ND
TPS Sludgs 6/12/87 ND 27,000 ND ND ND
™1 Influent 1/14/87 ND 15.0 ND ND ND
P2 Effluent 7/14/87 ND ND KD ND ND
TP3A Effluent 1/14/87 ND ND 1.0 ND 4.5
TPS Sludge 7/14/87 KD 4,800 6.8 ND ND

Note: Concentrations below the detection limit of 2 ppb are indicated by ND.

(1) - Trichloroethylene

(2) Toluene

{3) - Chloroform

(4) trans-1,2-Dichloroethene
{(3) - 1,1,1-Trichloroethane
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The background TCE concentrations in the plant influent ranged from
non-detectable to 10 mg/L. TCE concentrations in the plant effluent
were below detection limits. There were no detectable TCE concentra.
tions in the plant sludge samples; however, toluene was detected at a
concentration up to 27,000 ppb.

TCE was detected in the POTW influent but it was below detectable
levels in the POTW effluent. The POTW apparently could reduce
influent TCE at the concentrations received during sampling to less
than the 2.0-mg/L discharge limit. From this evidence the ability of
the POTW to treat higher levels of TCE could not be determined. It
also appears that at the influent TCE levels found during sampling, there
is no TCE carryover to the sludge.

Evaluation of POTW Treatment Potential

The potential of the POTW to remove the TCE that exceeded back-
ground levels and to meet the 2 mg/L discharge limit was evaluated,
A literature search was conducted to review the biological treatment
of TCE from contaminated groundwater. POTWs have reported signifi-
cant removals of volatile organic carbon (VOC) by various treatment
processes*". These reported removals include secondary treatment
processes such as activated sludge plants using surface aeration, diffused
air and pure oxygen; trickling filters; aerated lagoons; rotating biologi-
cal contactors; air strippers; and advanced wastewater treatment
which incorporate tertiary treatment, such as mixed media filtration.

The principal mechanisms involved in TCE removal at air activated
sludge plants are air stripping, adsorption on the microbial growth and
biodegradation. Volatilization by air stripping was reported to be the
primary mechanism involved in removal of TCE in activated sludge
plants. TCE can be volatilized into the atmosphere in the plant collec-
tion system, wet wells, grit chambers, aeration basins and post-acration
devices (weirs). TCE removal efficiency values in activated sludge
processes reported in a U.S. EPA study® ranged between 68 and 90%
and were up to 97% when followed by tertiary treatment such as effluem
filtration. The wide range of removal efficiencies underscores the fact
that removal estimation requires plant-by-plant evaluation. The removal
capacities of individual plants are found to be strongly influenced by
physical configuration.

The POTW average design flow was 926800 gpd (0.93 mgd),
however, it was determined that the POTW could handle a flow of
1.46 mgd at the design per capita organic and solids loadings. The
POTW has a hydraulic capacity of 7.34 mgd and the capacity of the
clarifiers, at normal design loading rates, is 2.9 mgd. Flows from aquifer
testing, which have no organic or solids loadings, were not expected
to affect plant performance or its ability to meet NPDES requirements.

EXTENDED AQUIFER TESTS - RESULTS

Based on the background samples gathered from the sewer system,
the POTW and other information, MDNR, the pretreatment authority
for the city’s POTW, recommended the following discharge limits for
the sewer system and the POTW which were adopted by the city:

Table 3
Pretreatment Discharge Limits
Allowable
Monitoring Point ol ation t
(ppdb)
Sewer Discharge 200
POTW Influent 10,

POTW Effluent

Established by the POTW NPDES permit.

The city agreed to allow discharge of fluids into the sewer system
and the POTW. The agreement allowed up to 200 gpm of groundwater
meeting the established limits to be discharged.

Groundwater was discharged to the sewers from two sources, untreated
groundwater from Municipal Well No. | and treated groundwater from
onsite wells. Groundwater from Municipal Well No. 1 was generated
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POTW and Sample Locations

during long-term aquifer testing. TCE concentrations in groundwater
from Municipal Well No. 1, located approximately 500 ft south of the
site, were below the 200 mg/L limit; therefore, no treatment was
required. Discharge of groundwater from Municipal Well No. 1 to the
sewer commenced in August, 1987, and was periodic through January,
1988 and then essentially continuous from January, 1988 through
January, 1989. The concentration of TCE during this period is shown
in Table 4. Until March, 1988, samples from Municipal Well No. 1
were taken at least once per day. After that date, the frequency was
changed to once every 2 wk with the city’s approval since the TCE lev-
els in Municipal Well No. 1 were shown to be consistent.
Groundwater which was generated from on-site wells during the
remedial investigation contained TCE concentrations significantly higher
than the 200 mg/L sewer discharge limit. Two air strippers, with a flow
capacity of 150 gpm and operating in series, were constructed to reduce
groundwater TCE concentrations to acceptable levels. The air strippers
were operated intermittently for two periods: in September and October,
1987; and January through March, 1988. TCE concentrations in the air
stripper Tower 1 influent, Tower 1 effluent/Tower 2 influent, and Tower
2 effluent/sewer discharge, including the total TCE removals, are shown
in Table 5. The frequency of collecting samples from the Air Stripper
No. 2 effluent/sewer discharge was one or more times per day.
Concurrently with the discharge of groundwater to the sewers, the
POTW influent and effluent TCE concentrations were monitored.
POTW sampling began in June, 1987 and continued until January, 1989.

The POTW influent and effluent TCE levels are listed in Table 6. The
frequency of collecting POTW influent and effluent samples was once
per day until March, 1988, when the frequency was changed to once
every 2 wk. The City approved the request to decrease the frequency
for this sampling also because the TCE concentrations were shown to
be consistent.

Figure 5 shows the relationship between TCE concentrations in the
discharges from Municipal Well No. 1 and Air Stripper No. 2 to the
sewer and the corresponding POTW influent and effluent TCE con-
centrations. Based on expected sewer flow quantities, the travel time
from the discharge point of Municipal Well No. 1 or Air Stripper No.
2 to the POTW would be approximately 2 hr. Based on measured flow
rates, the average hydraulic retention time at the POTW during the
pumping was approximately 40 hr.

Air samples were taken from the sewers and at the POTW during
air stripper operation on Feb 3 and June 16, 1988 to determine the
presence and/or concentration of VOCs in the air. The chemicals present
were qualitatively identified using a portable gas chromatograph. Results
of the samples are shown on Table 7. The sewer air samples were taken
at Manhole MH-6, as identified on Figure 3, and the POTW air samples
were taken downwind of the aeration basin channels.

EXTENDED AQUIFER TESTS—DISCUSSION

During extended pumping of Municipal Well No. 1, the groundwater
TCE concentrations became stabilized in the range of 40 to 80 mg/L,
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Table 4

TCE Concentrations in Groundwater From Municipal Well No. 1

Table 6
POTW Influent and Effluent Concentrations

TCE TCE
SAMPLE | CONCENTRATION SAMPLE | CONCENTRATION
DATE (PPB) DATE (PPB)
08/10/87 32 01/01/88 76
08/10/87 44 02/04/88 20
09/02/87 160 02/27/88 27
09/02/87 110 03/01/88 43
09/03/87 200 04/15/88 57
09/03/87 106 05/15/88 52
09/03/87 117 06/02/88 48
09/03/87 87 06/15/88 40
09/03/87 140 07/15/88 43
09/03/87 150 08/01/88 48
09/03/87 89 08/15/88 48
09/03/87 29 08/01/88 27
09/12/87 150 09/15/88 51
10/24/87 93 10/14/88 52
10/25/87 100 11/01/88 53
10/26/87 88 11/15/88 58
10/27/87 110 12/01/89 69
10/28/87 99 12/15/88 57
10/29/87 78 01/01/89 29
10/29/87 67
11/04/87 80
11/04/87 76
11/05/87 64
11/06/87 76
11/07/87 127
11/08/87 83
11/08/87 86
11/09/87 80
12/15/87 40
12/16/87 57
12/17/87 55
12/18/87 7
Table §
Air Stripper Influent and Effluent TCE Concentrations
TOWER 1 |TOWER 1 EFFLUENT [TOWER 2 EFFLUENT TOTAL
DATE | INFLUENT |TOWER 2 INFLUENT |SEWER DISCHARGE TCE
TCE (PPB) TCE (PPB) TCE (PPB) REMOVAL (%)
09/21/87 6800 280 33 99 95
09/21/87 1800 76 21 98.83
09/21/87 260 [ 8.0 96.92
09/24/87 830 180 1 98 67
09/24/87 780 140 -
09/24/87 6700 570 58 99.91
10/16/87 360 ND 28 99 22
11/03/87 - 110 26 -
12/10/87 99 a3 57 84 24
01/18/88 3800 430 47 99 88
01/19/88 3200 440 57 99 82
01/20/88 4400 370 60 99.86
01/21/88 4800 250 60 99 68
01/22/88 4000 320 59 99 85
01/23/88 3700 230 53 99 86
01/24/88 3300 300 46 99.86
01/25/88 4900 240 48 99.91
01/26/88 3200 470 63 99.80
01/27/88 3600 240 3.8 99 89
01/30/88 2100 48 ND 99 80
02/03/88 2500 - -
08/18/88 4200 110 42 99 90
12/23/88 3800 150 62 99 84
12/23/188 3900 160 6.4 99 84
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[ SKWPLE INFLUERT  EFFUDERM)
DATE (PPB) (PPB) OATE (PPB) (PPg)
7 1 17 87 NO ND M/ 6§ /87 15 ND
7 1 17 /87 NO ND 1N/ 8 187 r44 ND
7/ 18 /187 27 NO 1t 4/ 7 /87 t44 ND
7 1 19 /87 4.4 NO 1"/ 8 7 2 N |
71 29 /187 ND ND 1M/ 8 87 27 « |
7/ 30 /87 NO ND 1/ 9 87 13 NO |
7/ 387 2.3 NO 1 30 /87 14 ND
8/ 1 /87 2.8 NO 127 5 a7 13 ND
8/ 2 /87 14 NO 12 /7 16 /87 20 ND
8/ 5 /87 a8 ND 12 .1/ 17 187 15 ND
8/ 8 ra7 NO ND 12/ 18 /87 11 ND
8 / 10 /87 NO NO 1/ 1 /88 15 ND
8 / 10 /87 25 ND 1/ 18 /88 8. ND
8/ 12 187 NO NO 1/ 19 /88 2 ND
8/ 20 /87 7 NOD 120 re8 28 ND
8 / 20 /87 10 ND i 1/ 21 /8 28 ND
8 / 21 /87 34 ND IRENEY) 15 61
8/ 2 87 27 NO {17 22 /88 2 ND
8/ 2 /87 3] ND j { V1 24 B8 18 ND
8/ 24 /47 2 ND 1/ 25 8 8.3 ND
8 / 48 /87 NO ND ! 1/ 26 188 18 22
8 / 47 /&7 8.3 NO 17 27 re8 19 18
8/ 49 a7 78 NO | 1/ 30 /8 9.5 ND
8 / 3 /@7 42 NO ! 2/ 2 m8 7.8 ND
9/ 187 2 NO | 2/ 771 ™ 14 ND
9/ 2 /87 NO NO 3/ 118 2 ND
9/ 3 M7 a1 ND 3/ 15 /8 15 ND
9/ 12 @7 8 NO 3/ /a8 18 ND
9/ 17 /87 ND NO 4/ 18 8.6 ND
9/ 17 /187 6.6 ND ; 4 / 15 /88 a9 ND
9/ 18 /87 aa NO S/ 1 /88 5. ND
9 / 18 /87 44 NO 5/ 15 /88 &4 ND
9/ 24 /87 a4 ND §/ 2 /8 13 ND
9/ 25 /87 2.8 NO 6 / 15 /a8 6.8 ND
9/ 28 /87 5.5 NO T/ oY M8 9.2 ND
9/ 29 /87 27 NO 7/ 15 788 NO ND
9/ 3 m’7 k] NO ! 8/ 1 /88 a7 ND
10/ 1 /87 NO ND 1 (a7 15 m8 6 NO
10/ 2 7 ND NO | 9/ 1 8 2 ND
10/ 16 /87 ND NO ' 9/ 15 M8 18 ND
10 / 24 187 24 NO 10/ 1 /88 7.3 ND
10 / 25 /87 -] NO 10 / 15 /88 7.4 ND
10 / 26 87 28 NO M/ v ND ND
10 / 27 /87 19 NO 1Y/ 15 /88 75 ND
10 / 28 /87 18 NO 12/ 1 /88 1 ND
10 / 29 /87 15 NO 12 7/ 15 /88 95 ND
AN 14 2.1 NO 1/t /89 9.7 ND
1/ 4 /87 12 NO
Table 7
Constituents Detected in Air Samples
PoTv _Maphole ME-6 .
is Ot 92193788 96/16/88 92j03/88 96126184
PP
Benzens ND (23) ND (1.0) 290 ND (1.0)
Methylene Chlocride 5000 RA 11000 A
Tetrachloroethens ND (50) ND (5.0) 120 ND (3.0)
1,1,1-Trichlorosthsna RA ND (100) RA D (1000
Trichloroethena ND (25) 1.0 770 1.0
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Ice Concentrations for Discharges from Municipal Well No. 1,
Air Stripper No. 2, and POTW Influent and Effluent

below the 200 mg/L discharge limit. Flow quantities from this well Table 8
ranged from 50 to 75 gpm which did not exceed the flow capacity the Influent POTW Flows
sewer system at any time. TCE

The two air strippers operating in series effectively reduced TCE con- Concentration Number of Cumulative
centrations in on-site wells below the 200 mg/L discharge limit. During Range Samples Percent Percent
September, 1987, a period of intermittent air stripper operation, the total (ppb) €3] (1)
TCE removal was greater than 94%. During January, 1988, a period 21 30 12 13 100
of continuous air stripper operation, the average total TCE removal was 11 - 20 22 23 87
99.8% or more, and TCE concentrations in the water discharged to the ND 10 61 64 64
sewer system were consistently below 10 mg/L. Flow quantities from Total 95 100 -

the air strippers ranged from 50 to 100 gpm which did not exceed the
sewer system flow capacity at any time.

Flows from Municipal Well No. 1 were not discharged to the sewer
during the January 1988 operation of the air strippers. However, it is
anticipated that even with a combined discharge from Municipal Well
No. 1 and the air strippers, the sewer capacity would not be exceeded
at any time except possibly during heavy rainfall events. During heavy
rains, groundwater pumping could be temporarily halted to prevent
surcharging the sewers.

Background TCE concentrations in the POTW influent ranged from
nondetectable to 10 mg/L. During the period from August, 1987 to
January, 1989, when groundwater from Municipal Well No. 1 and treated
groundwater from the air strippers were discharged to the sewer system,
TCE concentrations in the POTW influent ranged from non-detectable
029 mg/L. Ninety-five samples were collected during this period and
the number and the percentage of samples which exceed selected TCE
concentration ranges are shown in Table 8.

Sixty-four percent of the samples did not exceed the highest TCE
background level of 10 mg/L and 87% were below 20 mg/L. Only 36%
of the samples exceeded the background levels. Peak TCE concentra-
tions in the POTW influent appeared to increase slightly during
discharge from either Municipal Well No. 1 or the air strippers.

Background TCE concentrations in the POTW effluent were consis-
tently below the detection level of 2.0 mg/L., which is the NPDES dis-
charge limit for TCE measured once every 6 mo. During the period
when groundwater from Municipal Well No. 1 and treated groundwater
from the air strippers were being discharged to the sewers, 95 POTW
effluent samples were taken. In general, the POTW effectively removed
TCE to below detection limits. Four effluent samples did exceed the
detection limit of 2.0 mg/L. The TCE concentrations in these four
samples were 2.2, 3.8, 4.0 and 6.1 mg/L. Possible reasons why these
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samples exceeded detection limits were examined.

Three of the POTW effluent samples above 2 mg/L were obtained
between Jan 18 and Jan 30, while the air strippers were being operated.
Groundwater from Municipal Well No. 1 was not being discharged to
the sewers at the time. During this period, POTW influent TCE con-
centrations ranged from 8.1 to 28 mg/L. However, air stripper effluent
TCE concentrations ranged from non-detectable to 6.3 mg/L. In
Figure 5, it can be seen that air stripper effluent TCE levels at the time
were below POTW influent TCE levels, which suggests that other
sources of TCE may exist in the sewer system.

Air samples taken downwind of the POTW aeration basin contained
TCE concentrations at or below detection limits which indicated that
this basin was not a significant source of volatile emissions. TCE and
other volatiles were detected in the one sewer manhole sampled. The
concentrations of these volatiles were below the time-weighted average
for normal workday exposure of SO ppm established by the American
Conference of Governmental Industrial Hygienists (ACGIH).

CONCLUSIONS

The sewer system and the POTW were evaluated for potential con-
veyance and treatment of TCE-contaminated groundwater generated
during remedial activities at the site. Wastewater in the sewer system
was found to contain TCE at concentrations which decreased with
distance from the site. This decrease could not be attributed directly
to either dilution or volatilization. Air measurements did not indicate
any volatile chemicals in sewer manholes above background levels.

The sewers had extra capacity to convey remedial flows along with
normal wastewater flows, except for periods of heavy rainfall. The
POTW influent was found to contain TCE in concentrations ranging
from non-detectable to 10 mg/L, and the POTW effluent TCE concen-
trations were below the detection limit of 2 mg/L. The POTW had
adequate hydraulic capacity available to treat the increased flows.

The City agreed to allow the discharge of groundwater to the sewer
system and the POTW provided the fluids met the pretreatment limits
established by MDNR. TCE concentrations in groundwater from
Municipal Well No. 1 became stabilized between 40 to 80 mg/L during
extended pumping. These concentrations were below the 200 mg/L
discharge level and thus did not require treatment. During continuous
operation, the air strippers reduced groundwater TCE concentrations
from onsite wells by an average of 99.8%. Air stripper effluent TCE
concentrations normally were below 10 mg/L.
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Peak TCE concentrations in the POTW influent appeared to increase
slightly during discharge from either Municipal Well No. 1 or the air
strippers. However, the TCE concentrations in 64% of the POTW
influent samples were below the background TCE level of 10 mg/L,
The highest TCE concentration detected in the POTW influent was
29 mg/L. The POTW effluent TCE concentrations usually were below
the detection limit of 2 mg/L. Only in four of the 95 samples did effluen
TCE levels exceed the 2 mg/L detection limit concentration.

TCE levels in air were measured downgradient of the POTW aeration
basins. During discharge from Municipal Well No. 1 or the air stripper
operation, TCE concentrations were at or below detection limits and
the aeration basins did not appear to be a significant source of volatile
emissions. TCE levels also were measured at one sewer manhole during
discharge from the air strippers. TCE was detected in the manhole air;
however at a concentration less than the level established by ACGIH
for normal work day exposure.
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Predicting the Fate and Transport of
Organic Compounds in Groundwater

Roger L. Olsen, Ph.D.
Camp Dresser & McKee, Inc.
Denver, Colorado
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Boulder, Colorado

ABSTRACT

The rate of migration and the concentration of hazardous chemicals
in ground water is a major factor in determining potential extent of
migration, in performing risk assessment and in designing remedial
actions. To assess the rate of migration and concentration of chemicals
in ground water requires a thorough understanding of the geochemical
behavior of the hazardous chemicals in soil water systems. Organic
chemicals can undergo a variety of reactions in the subsurface including
hydrolysis, oxidation/reduction, volatilization, adsorption, and biodegra-
dation. The importance of each of these processes in effecting the fate
and transport of chemicals depends upon the site conditions and the
specific chemical compounds of concern. Generally, adsorption and
biodegradation are the major reactions effecting chemical transport in
ground water.

Adsorption can be evaluated and predicted using eight methods. These
include:

¢ Use of empirical field data

¢ Methods based on K,

* Methods based on water solubility

* Methods based on molecular structure
® Methods based on surface area

¢ Laboratory methods

* Field column devices and injection tests
* Methods based on plume location

Several of these methods require only minimal site data that can be
easily obtained. As many of the methods as possible should be used
depending on data availability and on the purposes of the prediction.
For example, laboratory studies may be necessary when a quantitative
prediction of desorption is needed to design a treatment plant in terms
of concentration and design life. In all cases, the prediction should be
compared to actual site data.

Of the processes which control mineralization of organic compounds
in the subsurface, biodegradation is the most important mechanism in
transforming short chain halogenated compounds in an anoxic environ-
ment, and in breaking one® and two®ring compounds under aerobic con-
ditions. The reaction rates of these processes have been defined for both
laboratory and field conditions and are usually modeled using the power
rate law or the hyperbolic rate law.

Modeling contaminant transport in the subsurface relies on a large
body of site specific data including that required to represent adsorp-
tion, biodegradation and dispersion of the compound of interest.
Examples discussed include the lateral migration of trichloroethene and
benzene in ground water, percolation of tetrachloroethene through the
unsaturated zone, and volatilization of trichloroethene from the ground
water surface followed by adsorption in the overlying soil profile. Where
appropriate, adsorption and biodegradation are included in each
simulation.
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Geostatistical Decision-Making Process
For Plume Modeling In Cadillac, Michigan

Kevin A. Kincare
Michigan Department of Natural Resources
East Lansing, Michigan
Steven M. Aulenbach
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Boulder, Colorado

ABSTRACT

A geostatistical block mode} of plume geometry provides a sct of
powerful decision-making tools for enforcement and remedial design
at sites of environmental contamination. These three-dimensional block
models are most effective when geologic, hydrogeologic and historic
information are incorporated into the modeling of these complex sites.

The geostatistical modeling was part of an overall program to define
zones of contamination and aid in a design of remedial measures for
the industrial park. Data collected from various hydrogeological
investigations during the last 30 yr were examined to create boundary
conditions for the geostatistical evaluation. These data included
MDNR- and PRP" sponsored investigations for the contamination
problems that began to surface in 1978.

The MDNR investigation produced 795 vertical data points over a
period of three mo. These data were subjected to quality control
measures and then explored for patterns that might relate to the under-
lying contaminant hydrogeology. A representative and geologically
realistic block model was built with geostatistical techniques. The final
block model was verified by further field sampling. Thorough
exploration of the sample data and an understanding of the geologic
setting yielded conservative, defensible kriged estimates of contami-
nation that were used as an enforcement tool. The results of the geo-
statistics provided insight into source location and further data needs.

INTRODUCTION

The city of Cadillac is located in northwestern lower Michigan in
Wexford county (Fig. 1). The Cadillac Industrial Park is in the north-
west corner of the city. Various facilities within the industrial park have
been under investigation since the first private wells were found to be
contaminated in 1978. During the subsequent 10 yr, cight sources of
groundwater contamination have been discovered within an area of just
over 0.5 mia a. The contamination and the proximity of the municipal
water supply have won the industrial park two spots on the
CERCLA/SARA NPL us well as funding from the Michigan Environ-
mental Response Act (Act 307, 1982).

In 1986, out of concern for the water supply, the Michigan Depart-
ment of Natural Resources began a program to define known and sus-
pected plumes of contamination. The major pollutant in the park is
trichloroethene. A chromium plume has been defined ut a separate NPL
site. Over 180 wells have been drilled in an area of approximately 0.5
mi’ by contractors employed by the MDNR, the PRPs.

Vertical sampling in 88 of the well borings enabled the MDNR to
collect data with 795 discrete three-dimensional chemical analyses with
which to analyze the contaminant distribution. Using the screened auger
method', vertical samples were taken between 30 and 180 ft below the
surface. Six contaminant plumes have been defined, one of which, the
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Figure |
Wexford County. M1

East Plume, directly threatened the city well field.

These data were used to construct a three-dimensional. geostatistical
model of the plume geometry for enforcement and remedial design.
This study focused on the East Plume area. The East Plume data
included 280 vertical samples from 27 wells.

The samples were analyzed in the field with a Photovac 10A10 ports-
ble gas chromatograph. Sample results were reported in total volatile
organic carbon (VOC). Contract laboratory results showed trich-
loroethene to be 97 to 100¢ of the VOC field-reported concentration.
Taylor and Serafini' showed the field results to be well correlated (*
= 083, n = 48 df) with the laboratory results. Their work demon-
strates that the use of field screening data is applicable for the pur-
poses of this project.

SITE GEOLOGY

Cadillac is situated on a basin of glaciat origin (Fig. 2). It is located
at the southern end of the Cadillac outwash plain. This outwash plain




is hemmed in to the east and south by the Valporaiso Moraine and to
the north and west by the Lake Border moraine. This condition caused
intermittent ponding in the south and east of the outwash plain during
the Lake Border stand. The stratigraphy in Cadillac consists of out-
wash sands alternating with lacustrine clays. The sediments consist of
alternating clays and well sorted outwash sands. Four outwash layers
were described in the 290 ft maximum depth of exploration. The un-
saturated zone is 30 ft thick. The two uppermost clays pinch out in
the southeast half of the industrial park, resulting in the three upper
outwash layers becoming one in the northeast half. The deep clay ap-
pears to be a regional till.
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Figure 2
Glacial Geology of Wexford County

The lake clays exist as “bowls within bowls,” having been formed
by the infilling of the Cadillac basin. Sands filled the basin during peak
glacial melting. The clays were then deposited into successively smaller
lakes during times of low melt or inefficient drainage. Lakes Mitchell
and Cadillac (Fig. 2) are remnants of this process. Five discrete lake
clays have been observed in well logs from the Cadillac area, two of
which extend into the industrial park. These two lake clays pinch out
in the park on a N30W strike (Fig. 3). The shallow lake clay pinches
out at an elevation of 1265 ft (MSL) and dips to the SSW at a gradient
of 002 (Fig. 4). The deep lake clay pinches out at an elevation of 1140
ft and dips to the SSW at a gradient of 0.01. The ground surface eleva-
tion averages approximately 1295 ft. The bottom of the basin is a regional
till clay at an average elevation of 1070 ft. The till lies above an older
outwash sand layer that extends to at least an elevation of 945 ft.
Bedrock elevation is approximately 545 ft.

The presence of sloping clay layers that pinch out in the middle of
the study area makes a complex situation. The bulk of the East Plume
data lay beyond the shallow clay but above the area of the lower lake clay.

HYDROGEOLOGY

_ The presence of two confining clay layers that both pinch out in the
industrial park make a complex hydrogeologic system, as well. Where
both clays exist, there are three aquifers above the regional till (Fig. 4).
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North of where the clays pinch out, there is only aquifer. The city well
field is screened in an older outwash aquifer below the regional till,
Hence, depending on location, there are from two to four aquifers to
be considered. The groundwater in the uppermost aquifer flows north
to northeast above the upper clay. The regional flow in all other aqui-
fers is toward the northwest. There is a downward vertical gradient in
all aquifers. Therefore, three directions of groundwater flow have to
be considered.
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The shallow aquifer is a water table aquifer above the shallow lake
clay. There are 30 ft of unsaturated sand above this aquifer. The satu-
rated thickness ranges between S and 10 ft where the clay pinches out,
to 60 ft at the south end of the industrial park. Groundwater flow in
this aquifer is toward the nearest edge of the clay. In the industrial park,
this causes the flow to vary from north to northeast (Fig. 5). There
is a downward vertical gradient in this and all other aquifers studied
for this project. The decrease in saturated thickness downgradient causes
an increased flow gradient to the north. The gradient increases from
00019 to 0.0029. With no change in hydraulic conductivity, this 65%
increase in gradient does not compensate for the 600% loss of saturated
thickness. It is obvious that there must be leakage through the shallow
clay. Lakes Mitchell and Cadillac are the recharge areas for the shallow
aquifer.
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Groundwater Flow Directions in the Upper, Intermediate, and Lower Aquifers

The intermediate and lower aquifers lie below the shallow and lower
lake clays, respectively (Fig. 4). Both aquifers flow toward the north-
west. Their recharge area is the high country of the Valporaiso Moraine
to the east (Fig. 2). The saturated thickness of the intermediate aquifer
is approximately 130 ft. The gradient remains constant at 000). The
lower aquifer is approximately 40 ft in saturated thickness. Its horizontal
gradient is 0001. Vertical gradients in these aquifers are also down-
ward. The groundwater discharge area is the Manistee River, 18 miles
to the northeast at an elevation of 810 fi (Fig. 2).

With the absence of the lake clays in the northeast portion of the in-
dustrial park (Fig. 4), all three of the above mentioned aquifers merge
into one. Consider that there are 12 in. of recharge per year to the water
table from precipitation. There is no change in aquifer thickness,
hydraulic gradient or hydraulic conductivity in the northeast part of
the study area. These observations alone lead to the conclusion that
there is leakage through the till clay into the deep aquifer.

The city’s wells are screened in the deep outwash aquifer below the
regional til] (Fig. 4). This aquifer is at least 110 ft thick; the bottom
confining layer has not been reached by any well. The well field
produces an average of 2.2 mgd with a capacity of 10.5 mgd from seven
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wells. Groundwater flow is toward the well field as all monitoring wells
screened there were within the pumping zone of influence. Hydraulic
conductivity for all of the aquifers is in excess of 5 x ¥0—9-3 fusec.
A pump test performed on the city well field concluded that leakage
through the till contributed a significant portion of the well field pum-
page. As much as 5% of the pumpage is coming through the till where
it is overlain by contaminated portions of the upper aquifers (Fig, 6),
When this situation came to light, it was deemed an emergency. Im-
mediate steps were taken to further define the vertical and horizontal
extent of contamination for remedial design.

4
&
Ml Averue

Rt 131 Mitohell Drive

Lesson Averue [
o }

<

t
e

~—
LABLS T ¥ ] \

Scale = Fest

- }

Figure 6
Location of VOC Plumes

The geostatistical study, therefore, had to consider the geological and
hydrogeological parameters outlined above. That is, three directions
of groundwater flow, movement through and around the confining layers
and leakage within the influence of an active well field.

EXPLORATORY DATA ANALYSIS

The East Plume data were thoroughly examined prior to the geo-
statistical estimation. Exploratory data analysis techniques were used
to identify patterns in the sample data. These patterns were compared
to the current hydrogeologic visualization of site conditions. Exploring
the data provides both a quality check on the data and a reality check
on the modeling process itself. Insight gained during this step can be
rapidly incorporated into the geostatistical block model to produce
superior estimates.

The data were first explored as a single collection of measurements.
A quantile plot was used to provide a picture of the distribution of the
data. A plot of the ordered sample values against their reported VOC
concentrations, the quantile plot highlights several patterns and
groupings (Fig. 7). Roughly a third of the observed samples were below
detection level or traces. These coded values are plotted in the lower
left hand corner of Figure 7. Such values serve to bound the kriged
estimates in the final three-dimensional block values.

The other three groupings (1 to 4 w/L, 5 to 10000 /L. and >10000
p/L) may represent factors involved with the introduction and trans-
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Quantile Plot of log 10 VOC Values

port of the contaminants. These factors include intermittent dumping,
rainfall passing through contaminated soils, the descent of dense non-
aqueous phase liquids (DNAPL) through the aquifer, hydrogeology and
glacial stratigraphy. Each of these “post-source” sources can produce
a different distribution signature in the aquifer.

The two extreme values found at the upper left of the quantile plot
represent two outliers, (observations that seem to lie too far from the
majority)>. An order of magnitude greater than the other samples,
these concentrations were measured in the same boring. Their impact
on the spatial continuity between samples was investigated during the
varicography phase of the process.

Vertical aspects of the East Plume data also were examined during
this stage of the process. Samples values were collected and displayed
using their elevation. Values above 1 mg/L were grouped according
to their vertical location within the three-dimensional block model. The
model consists of multiple levels. Each level is 10 ft thick. Levels are
numbered from the top of the model down. Level 1 starts at the ground
surface.

The box plot display of the log,, VOC samples by levels showed an
informative pattern; a cyclic pattern in median values (Fig. 8). The
median is the horizontal line within each box. Two local highs are clear
in this display with local maximums occurring in levels 8 and 14. This
pattern may indicate a vertical clumping of high VOCs within the East
Plume study area. VOC behavior can be explored further by examining
how the length of the box changes by level (same figure number). The
spread of the bulk of the data, the central 50%, is shown by the length
of the box. Note how spread varies with depth. The middle levels exhibit
much less spread in their raw data values than the upper and lower levels.
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Figure 8
Box and Whisker Plot of East Plume Block Model by Level

The short box length of levels 10 and 1l also presents evidence that
two of the sample values, the two extreme values mentioned above, may

be out of the ordinary for these levels. These two, represented as squares
in the display, fall outside of the bulk of the data for their levels. The
box plot was also used in the interpretation of the varicography.

VARICOGRAPHY

The next step of the geostatistical decision-making process is to quan-
tify the spatial relationships that exist between sample pairs. This quan-
tification process is done with the variogram, a basic tool of geostatistics.
The variogram provides key information for the actual estimation
process, kriging.

By successively using each sample as a datum, the sample variance
for all predetermined intersample distance categories is calculated. Then
the distance (x-axis) vs. variance (y-axis) plot, the variogram, is drawn.
When the variance is calculated from data that fall within certain angular
windows from the datum, quantitative changes in the trend with direc-
tion can be determined. Figure 9 shows the ideal form of a spherical
model variogram®. The plot begins at the origin and rises until it
reaches a maximum variance, the sill (C), where the variance remains
constant for greater distances. The sill of the average variogram will
be equivalent to the total sample variance. The distance at which the
sill is attained is the range. At distances greater than the range, the rela-
tionship between samples no longer is influenced by distance.
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Idealized Spherical Model Variogram

If the plot has a Y-intercept greater than zero, that value is called
the nugget (C,). If the modeled variogram does not pass through the
origin, it is indicative of a high degree of variability over short dis-
tances. This anomaly can be the result of laboratory error sampling
error or the intrinsic microvariability of the environment itself.

Being directional in nature, the variogram is also an excellent tool
for investigating possible anisotropic conditions at the site. Several types
of variograms were calculated to verify if different measuring scales
showed consistent patterns. These were the general relative and indi-
cator variograms. By looking at the East Plume data from several
different viewpoints, consistency was built into the final block model
estimates.

The protocol for modeling the variograms was to first calculate and
model general relative variograms for different directions. Indicator
variograms using a median cut were used to temper the general rela-
tive ranges. Indicator variograms use the “cut” value as the datum by
which they compare all other values. Such indicator variograms are
more resistant to extreme values and thus provide a second, conserva-
tive estimate of the range.

An average general relative variogram which used all available data
pairs was used to estimate the nugget (C,) and the structured variance
(C)) (Fig. 10). Variograms were then calculated and modeled on the
four cardinal directions; azimuths 0, 45, 90 and 135 degrees. Vario-

grams were for azimuths 22.5, 67.5 and 157.5 to better investigate
anisotropic conditions.
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General Relative Variogram for East Plume

A huge general relative sill resulted. Quantile and box plot evidence
gathered during the exploratory data analysis phase of the process
indicated that the two largest VOC values were quite different from the
other 278 sample values. Excluding these two values from the vario-
gram calculations reduced the sill tenfold. The general relative vario-
gram parameters used for the kriged block estimates were a nugget of
0.5 (C, = 0.5) and a structured variance of 6.9 (C, = 6.9). The
modeled average variogram is given in Figure 10

Modeled ranges demonstrated a 2:1 anisotropy present within the
study area. The range rose for the East Plume shows a strong trend
from the southeast to the northwest (Fig. 11). This is the predominant
groundwater flow direction in this area of the Cadillac Industrial Park.
This flow direction is in keeping with the hydrogeologic model of the
geology. Only one horizontal flow direction is involved north of the
shallow clay.
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East Plume Range Rose

Downhole variograms were used to quantify the vertical spatial rela-
tionship between sample pairs. A distinct double structure in the cross-
sectional distribution of the VOC samples is shown in Figure 12. A
range of 40 ft was modeled. A striking similarity to the box plot of
VOC values by level (Fig. 8) can be seen.

These two graphical data analysis displays were derived in very dif-
ferent ways and are not directly comparable. However, their similarity
contributes to the overall understanding of site conditions. As discussed

150  MODELING ,

above, more than one factor is involved in the distribution of con-
taminants in the aquifer, especially in the vertical distribution. It is more
likely that this result may have to do with two source mechanisms ag
opposed to contaminant transport types. The aquifer is very uniform
to about 130 ft and there do not appear to be any altered flow vectors
here as exist in the southwest part of the industrial park. The modeled
variogram results were incorporated into the three-dimensional biock
kriging estimates of VOC concentrations.
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Figure 12

General Relative Vertical Variogram for East Plume

KRIGED BLOCK MODEL

Kriging is an interpolation technique for regionalized data. The tech-
nique is a best linear unbiased estimator; best being that with the smallest
variance. The process uses information from the surrounding sample
locations and the autocorrelation structure of the data to estimate values
at unsampled locations. Block kriging. the technique used on this
project, estimates the average value over the entire block. Kriging is
the only known estimation technique that calculates individual inter-
polation errors for every estimated value. Kriging provides both an es-
timate of the contaminant and the reliability of the estimate. This dual
result of kriging provides an objective evaluation of the modeled con-
taminant distribution and the adequacy of the data.

The modeled horizontal and vertical general variogram information
was incorporated into the kriging equations. The kriged estimates them-
selves were produced using the program KRIGE3 (Geostat Systems
International, Inc.).

Based upon current project objectives and understanding of the geo-
logic and hydrogeologic setting, the three-dimensional block model was
defined. The conservative block dimensions selected provided the neces-
sary resolution needed for remediation design without going beyond
the information inherent in the data. Block dimensions of 50 fi by 0
ft in the horizontal and 10 fi in the vertical were used for the kriging
estimates. There were 21 levels. Within this overall framework, 54.285
estimates of VOC concentration could be made. To better model the
site geology, blocks that were coincident with the three-dimensional
extent of the any mapped clay layers were excluded from the estima-
tion process.

The estimated locations of the zones of highest contamination were
chosen for the screened intervals for three purge wells. Kriged esti-
mates were compared (o the results of further sampling done where
the plume directly overlies the city well field. These results were con-
sistently higher than the modeled estimates. This result shows the model
to be conservative and more reliable from an enforcement standpoint.

CONCLUSIONS

Geostatistics, as in any modeling technique, is enhanced by being
drawn into an overall mode! of the geologic conditions that exist at the
site. Exploring the data under the existing constraints of the system aids



in bringing out trends that might not otherwise be quantifiable. It also
suppresses false trends that might appear as a result of using techniques
that are not supported by the geologic model. This process, therefore,
yields a more reliable variogram with which to construct the kriging
estimation ellipse. The modeling methods used in this study gave con-
servative, defensible, kriging estimates that were used as a tool for
enforcement and remedial design.
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INTRODUCTION

The Picatinny Arsenal is located in Morris County, New Jersey.
approximately 4 mi northeast of Dover (Fig 1). The installation, officially
known as the U.S. Army Armament Research Development and
Engineering Center, performs research on munitions and weapons.
Recent investigations have found trichloroethylene (TCE) and other vola-
tile organic solvents in groundwater. The metal plating shop in
Building 24 has been identified as a possible source of contamination.
TCE and other solvents were used in decreasing operations at this metal
shop.

The contaminant plume was found in the water table (top) layer of
a three-layer aquifer system with some evidence of minor amounts of
contamination in lower layers. The objective of the study was to site
wells for a proposed remedial action plan that included the pumping
of contaminated groundwater and treatment in an air stripping tower.
One important question was whether the wells in the water table layer
of the aquifer system would effectively control gradients in the lower
aquifers and stop contamination that could be in the lower aquifers from
migrating off-site. To answer this question, u three-dimensional solute
transport model was used.

Groundwater modeling is a powerful tool that may be uscd to predict
contaminant transport at hazardous waste sites. One- and two-
dimensional groundwater flow and solute transport models are used
to predict contaminant transport. There are situations, however, where
a three-dimensional simulation capability is nccessary. There are a
number of well-known groundwater flow *niodels with three-dimensionat
capability, such as the USGS Modulur Three-Dimensional, Finite-
Difference Ground-Water 'lom Model (MODFLOW)' and the
Prickett-Lonnquist Aquifer Simulation Model (PLASM3D), but there
are relatively few three-dimensional solute transport models.

A new three-dimensional solute transport model. RAND3D was
developed as part of this project. The RAND3D model is a solute trans-
port model utilizing the random-walk algorithm. A preprocessor code
(PREMOD3D) was written to use the output of the MODELOW model
as input and create files of velocity vectors for the RAND3D model.
The RAND3D model runs interactively on an IBM PC while displaying
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the progress of the plume graphically. Figure 2 shows the conceptual
relationship between the data and computer models used on this project.

hydrogeologic data _—

(Uthologic data>

(well water levels)
(pump test datad
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USGS modutar three dimensional
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heads
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(retardation) 4
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Figure 2
Conceptual Relationship Between Models and Data

RAND3D MODEL

The RAND3D program is a three-dimensional version of the random
walk algorithm developed by Thomas Prickett, et al., at the Illinois
Water Survey as an efficient algorithm for solving groundwater solute
transport problems?. The model originally was developed for two-
dimensional solute transport. Thomas A. Prickett and Associates
developed a three-dimensional version of the model, and further modifi-
cations and improvements were made to the model as part of this project.

The random-walk technique is based on the concept that dispersion
in porous media is a random process. A particle, representing the mass
of a specific chemical constituent contained in a defined volume of water,
moves through an aquifer with two types of motion. One motion is with
the mean flow (along streamlines determined by finite differences), and
the other is random motion (governed by scaled probability curves
related to flow length and the longitudinal and transverse dispersion
coefficients). A sufficient number of particles are included in simula-
tions so that their locations and density, as they move through a flow
model, are adequate to describe the distribution of the dissolved con-
stituent of interest. Each partjcle represents a fixed mass of solute. As
more particles, with correspondingly smaller masses, are used in a given
simulation, accuracy improves.

One major feature of the RAND3D model is its interactive opera-
tion on an IBM PC or compatible microcomputer. After velocity files
are prepared using PREMOD3D or some other suitable procedure, the
user may use this program to simulate solute transport and watch the
results on the monitor. The program operates from a menu. The user
is prompted for all data inputs. A major feature of the model is the
ability to display geographic features on the computer screen and su-
perimpose the plume simulation. The user may zoom in on any area
of the model to see a more detailed simulation. The geographic fea-
tures are input by the user in any convenient right-handed (x-y) coor-
dinate system in ft (such as a State Plane coordinate system). These
features may then be displayed on the screen as background reference
for the plume simulation.

(dispersivity tensor>

The RAND3D model includes the following features:

¢ Calculation of horizontal advective transport based on a four point
interpolation of the input velocity vectors

¢ Calculation of vertical advective transport based on linear interpo-
lation between the input vertical velocity vectors at the top and bottom
of each layer

¢ Calculation of dispersion using constant dispersivities: longitudinal,
transverse and vertical

® Calculation of first-order decay

e Calculation of linear, reversible adsorption (retardation)

* The ability to originate solute (particles) in the model as sequences
of prisms, cylinders, or lines

e Calculation of solute concentrations exiting the model at sinks (wells
or gaining streams)

® Mapping of solute concentration in user selected areas of the model,

either plan view or cross-section concentration maps may be prepared

Output of gridded solute concentrations by layer for plotting

Interactive operation

On-screen display of plume (particle) movement in user selected area

On-screen display of user input geographic features at user selected

scale as background for the plume display

Saving and viewing of screen slides

® Saving and restart of model parameters at any time

¢ Transient flow simulations may be simulated by inputting a series
of velocity files

The RAND3D model was designed for an IBM PC or compatible
microcomputer with 640K, a numeric co-processor, a hard drive and
a color monitor with a color graphics adapter. The program is written
in Microsoft Quick Basic Version 3.0. Current limits in the program are:

® Maximum input grid of 45 columns, 45 rows and three layers
® Maximum number of particles is 10000

® Maximum number of sinks (wells or gaining streams) is 99

¢ Maximum number of special feature files is 20

SITE GEOLOGY AND HYDROGEOLOGY

The study area is located in the drainage basin of Green Pond Brook,
a tributary to the Rockaway River. The Rockaway River flows into the
Boonton Reservoir, a water-supply reservoir for Jersey City. Green Pond
Brook runs through the middle of the Picatinny Arsenal.

The Picatinny Arsenal is located in the Green Pond syncline, a struc-
tural region within the New Jersey Highlands physiographic province.
The New Jersey Highlands is comprised of a northeast-southwest system
of folded and faulted Proterozoic to Devonian rocks that form a sequence
of valleys and ridges. The Green Pond syncline is a narrow, northeast-
trending, faulted syncline containing a thin section of Paleozoic sedi-
ments. Bedrock at the site consists of gneiss, quartzite, dolomite and
conglomerate. The bedrock is overlain by approximately 200 ft of glacial
deposits. The glacial deposits are stratified, consisting of sublacustrine
sands and gravels, lake-bottom silts and deltaic sands and gravels®.

Groundwater flow at the site generally follows the topography; ground-
water flows towards Green Pond Brook and down valley. Vertical
gradients are downward except around Green Pond Brook where there
is some upward movement of groundwater.

FLOW MODEL CALIBRATION

The USGS MODFLOW model was used to simulate the groundwater
flow at the site. The groundwater flow system at the site was repre-
sented as a three-layer model: the first layer was the water table aquifer
in the permeable glacial sediments near the land surface; and the second
layer was the confined glacial aquifer. The third layer was the frac-
tured limestone and dolomite underlying the glacial sediments. A 35
column by 43 row grid was defined as shown in Figure 3. The model
was calibrated to the existing observation well data assuming steady-
state conditions. Figure 4 shows the water table in the upper layer of
the model generated from the calibrated model. Observation well water
levels were compared to water levels predicted by the model. The average
error across 41 wells was 0.12 ft and the root mean-square error was
1.76 ft.
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Figure 3
Model Grid

ALTERNATIVE ANALYSIS

Six different pumping schemes for remedial action were simulated using the
three-dimensional solute transport model, RAND3D. The first alternative
analyzed was the no action alternative. The existing position of the plume was
input to the mode] and the movement of the plume towards Green Pond Brook
was simulated for 60 yr. After § yr, 60% of the contamination had entered Green
Pond Brook.

The first active remedial action scheme simulated was 1 group of three col-
lection wells, each pumping at 36 gpm, located to create u hydraulic barrier
between Building 24 and Green Pond Brook. These wells were input to the
MODFLOW model, the new water table was simulated and a set of velocity
files that reflect the transient conditions in the aquifers wus created for input
to the RAND3D model. After 6 yr of pumping, 91% of the TCE has been
removed; 88% by the wells and 6% by the stream.

The third remedial action scenario simulated was the group of collection wells
plus injection wells. Four injection wells were assumed to be placed on the
upgradient site of Building 24 (the assumed source of the plume). Each collec-
tor well was assumed to be pumped at a rate of 72 gpm, twice that used in the
collector well scenario. Of the 216 gpm to be treated, 200 gpm would be in-
jected back into the water table aquifer. Letting some treated water discharge
to surface water insures that the system as a whole (total of pumping and injec-
tion) causes a slight depression in the water table, so if the assumptions are
incorrect, contamination will stilli remain in the area, rather than being pushed
away faster than it would without injection. Each injector well would recharge
50 gpm. After 6 yr of pumping, 98% of the TCE has been removed; 94% by
the collection wells and 4% by entering Green Pond Brook.
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The fourth alternative simulated was using three collection wells and discharging
the treated water 10 Bear Swamp Brook, which is upgradient of Building 24
and the contamination plume. The assumption was that by increasing the flow
and depth of flow in Bear Swamp Brook, the recharge to the water table aquifer
would increase. The results of this simulation indicate that this alternative is
not significantly different from the three collection wells with discharge of treated
water to Green Pond Brook. Infiltration to Bear Swamp Brook was small.

The fifth alternative simulated was using four collector wells. The first three
wells were at the same positions as in the other pumping alernative simule-
tions (equally spaced row between Building 24 and Green Pond Brook). A fourth
well was placed adjacent to Green Pond Brook, where substantial concentra-
tions of TCE had been measured in the water tble aquifer. This fourth well
was assumed to be pumped at a rate of 44 gpm for | yr and then turned off.
After 6 yr of pumping, 94 % of the TCE has been removed; with 92% by the
wells and 2% by entering the stream.

The sixth and final alternative simulated was variable pumping at the three
collector wells. By pumping more from wells in the middle of the TCE plume
and less from wells at the edges, it was hoped that the overall efficiency of the
collection and treatment system would increase. Pumping more water from the
wells at early times would also capture more of the contamination that is between
the collection wells and the stream. The collection well in the middie of the
plume assumed to be pumped at a rate of 80 gpm for the first year, 60 gpm
for the second year and 54 gpm for the third year. One well at the edge of the
plume was assumed to be pumped at a rate of 18 gpm and the collection well
on the other side of the plume was assumed to be pumped at a rate of 36 gpm.
After six years of pumping, 95% of the TCE has been removed; 92% by the
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wells and 3% by entering the stream.

Figure 5 shows several of the screen graphic displays generated by the RAND3D
program for the variable pumping scenario. The first column of results shows
the a top view of the plume after 60 days of pumping, after 2 yr of pumping
and after 12 yr of pumping. The second column of results shows the corresponding
cross-sectional views of the aquifer system.

Collection Wells with Variable Pumping

A sensitivity analysis was performed on the model predictions. The
1502 parameters with the greatest amount of uncertainty that also had a sig-
nificant impact on the simulation results were the retardation coeffi-
cient (adsorption), the amount of TCE still leaching from the unsaturated
zone to the water table aquifer over time and the amount of TCE ad-
sorbed in the confining clay beds between aquifers. The sensitivity
results indicate that the cleanup (pumping and treatment) could extend
for more yr than predicted. With the maximum reasonable retardation
coefficient, 90% cleanup would take approximately 15 yr. With a
reasonable worst case scenario for TCE leaching into the water table
aquifer from recharge, 90% cleanup would take more than 20 yr as
TCE is continuously entering the aquifer. The collection of TCE that
may be trapped in the confining layer takes even longer. Assuming that

After 60 days

After Two years
248

:@: TCE is trapped in the confining layer near Building 24, after 50 yr
} W “-my,;,(w of pumping and treatment, 50% of the TCE is still present in the aquifers
! ) ' and confining layers.
CONCLUSIONS

A practical model for simulating three-dimensional solute transport
in groundwater on an IBM PC has been developed. This model uses
00 S0 the groundwater flow results of the MODFLOW model and simulates

s £ s .
After 12 year Figure 5 After 12 year solute transport using the random-walk algorithm. The model operates
RAND3D Screen Graphics interactively and generates graphic displays of plume movement as the
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simulation takes place.

The results of the modeling of the Building 24 TCE plume at the
Picatinny Arsenal indicate that there is no clearly superior pumping
design for cleaning up the contaminated groundwater and preventing
TCE from reaching Green Pond Brook. All of the simulated scenarios
that do not include recharge wells upgradient of Building 24 achieve
similar long-term removal rates. Recharge wells would speed the removal
of TCE from the aquifer, but effective recharge wells may not be feasi-
ble because of a shallow water table and the likelihood of injection well
clogging. The pumping plans that remove groundwater from the aquifer
rapidly collect more TCE from the water table aquifer faster. All the
collection well scenarios simulated effectively formed a barrier to the
movement of TCE towards Green Pond Brook. Placing collector wells
closer to Green Pond Brook would effectively collect more of the TCE,

156  MODELING

reduce the amount entering Green Pond Brook, but result in larger
amounts of pumpage containing lower concentrations of TCE.
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Statistical Modeling of Ambient Air Toxics Impacts
During Remedial Investigations at a Landfill Site
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ABSTRACT

At landfills or other waste disposal sites, the off-site impacts due to
air toxics generated by intrusive activities are a principal concern. To
assess these impacts, the multivariate statistical technique of canonical
correlation has been applied to ambient air toxics sampling data col-
lected during a remedial investigation of a landfill in the metropolitan
area of Los Angeles, California. The goal of the analysis is to deter-
mine whether a site activity produces significant ambient air toxics
impacts in the area immediately downwind of the site.

Canonical correlation analysis of the data collected at the downwind
site reveals that the primary physical process occurring is dilution of
contaminants by wind, with secondary slight increases in contaminant
levels primarily due to boring activities. Although the canonical models
are not strong enough for quantitative predictions for this data set, they
do provide a realistic qualitative analysis of the physical situation.

INTRODUCTION

This paper presents the results obtained from application of canonical
correlation analysis to ambient air toxics sampling data collected down-
wind of a landfill site during RI activities. Canonical correlation is a
multivariate statistical technique that can be used to evaluate the rela-
tionship between groups of variables, in this case, meteorological
conditions, site activities and ambient air toxics levels. The technique
is an extension of traditional multiple regression analysis, which seeks
to relate a single variable to a group of other variables.

Canonical correlation was chosen as an analytical tool because of
its ability to provide information beyond the scope of traditional statistical
comparison techniques, such as simple tests for equality of means or
multiple correlation. The use of multivariate methods allows better
resolution of the complex interactions between the atmosphere and the
variety of air toxics compounds that may be present due to intrusive
activities on a landfill site.

SITE DESCRIPTION

The site chosen for this study was an urban landfill located in the
Los Angeles, California area. Historically, the site was used for dis-
posal of general construction-type debris, but petroleum wastes and
solvents also were potentially disposed of there. The site investigation
was prompted by plans for new construction over the landfill site.

The site is located at the intersection of two major thoroughfares,
with the upwind sampling location near the intersection. The down-
wind air sampling site was located beyond the northeast corner of the
landfill area. The heavy automobile traffic around the site had a definite
influence on the sampling results, particularly at the upwind site.

DATA COLLECTION
Ambient air samples were collected at the upwind and downwind

locations during the 3-wk site investigation. Wind speed, direction and
air temperature data were collected concurrently with the sampling.
Due to the consistent land-sea breeze circulation pattern at the site, day-
time winds were most frequently from the southwest. The wind rose
for the site activity period is shown in Figure 1. The upwind and down-
wind sampling locations were therefore the same for all samples and
were chosen based on this wind pattern.
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Figure 1

On-site Wind Rose Activity Period

During the activity period, 31 high-volume air samples and 33 vola-
tile organics samples were collected. The compounds detected included
eight toxic volatile organic compounds (VOCs), copper, lead, zinc and
asbestos. The following eight VOCs were detected in at least 75% of
the samples;

acetone

benzene
ethylbenzene
styrene

toluene

Xylenes
tetrachloroethene
1,1,1-trichloroethane
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The VOCs were collected using passivated stainless steel canisters
(U.S. EPA Method TO-14) and the metals were analyzed from high-
volume air samples of particulate matter. Asbestos was determined using
low-volume personal pumps and filter cartridges.

Site activity was parameterized as the durations of the two principal
intrusive activities: boring (soil core samples) and drilling (ground-
water monitoring wells). Activity durations were obtained from the site
log books.

In addition to the activity period data, background samples were col-
lected on the 3 days immediately prior to the start of intrusive site ac-
tivities. The mean contaminant levels in these three samples are used
to establish a benchmark level to assist in interpreting the activity period
results.

SAMPLING RESULTS

For the activity period, a complete range of descriptive statistics was
calculated for the upwind and downwind locations. The statistics include
the average, standard deviation, standard error, maximum, minimum,
median and the 25th and 75th percentiles (lower and upper quartiles).
These statistics were used to generate the box-and-whiskers plots
presented in the next section, used for upwind vs. downwind
comparisons.

Mean concentrations of air toxics measured during the activity period
are compared to mean background concentrations for all contaminants
in Figure 2 for the solid contaminants and Figure 3 for the volatile
organics. Concentrations of the solid contaminants were higher during
the activity period than background means in all cases except for the
downwind lead and upwind zinc levels. For the VOCs, all concentrations
levels were higher than corresponding background levels. The concen-
trations of acetone, styrene, toluene and xylenes during the activity
period were markedly higher than their background levels at both
locations.
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Comparison of Activity and Background Levels
For Solid Contaminants
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Figure 3
Comparison of Activity and Background Levels
For Volatile Organic Contaminants

UPWIND/DOWNWIND COMPARISONS

To assess the amount of contamination introduced into the ambient
air by site activities, a comparison of upwind and downwind means
can be used. Normally, a t-test for equality of means would be used
in the comparison. However, the t-lest assumes that both samples are
normally distributed. This is not a reasonable assumption for the air
toxics data being considered, as they tend more toward a log-normal
distribution. Rather than performing the log transform to *‘force™ the
data to become norma), a nonparametric comparison of medians was
performed using the Wilcoxon two-sample test for independent sam-
ples. None of the upwind/downwind pairs of medians were significantly
different at the 10% level.

The upwind/downwind sample sets also were compared using side-
by-side box-and-whiskers plots. A box-and-whiskers plot (or simply a
box plot) is designed to display the distribution of a sample and allow
visual comparison of samples. The plot consists of a box bounded by
the 25th and 75th percentiles (lower and upper quartiles) of the dat
set, with a bar between them indicating the 50th percentile (median).
The “whiskers™ extend from the quartile edges of the box to the maxi-
mum and minimum values in the sample. In addition to these standard
features, a circle has been added at the sample mean, along with an
error bar stretching one standard error unit above and below the mean.
This addition allows visualization of the skew of the distribution and
allows easy comparison of means in side-by-side plots.

Interpretation of the plots is straightforward. A normally distributed
sample would have a perfectly symmetric plot, with the mean and
median collocated at the center of the box. Skewed samples have means
above or below the median and disproportionate whiskers.

Side-by-side box plots were used to compare upwind and downwind
sample sets. Figure 4 shows the data for all of the solid contaminants
and Figures 5 and 6 show the VOCs in two groups. The plots are
generated from the descriptive statistics for the activity period only.
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Box Plots for Activity Period: Solid Contaminants
These figures effectively portray the difficulty in determining whether Table 1
the downwind contaminant levels are in any way distinctly greater than Daily Mean Wind Components
the upwind levels, using normal “yardsticks” such as means or medians.
Using these methods of comparison would lead to the conclusion that Day North East
site activities had no distinguishable impact on contaminant levels, with (mph) (mph)
the apparent exception of acetone. However, the broad overlap of the 1 2.74 0.68
box plots for acetone indicates that the two samples are not meaningfully 2 3.28 3.05
different (a conclusion supported by the Wilcoxon test). 3 3.30 0.33
DOWNWIND CANONICAL CORRELATION s 223 327
The primary goal of this analysis was to determine the potential : )
. . .. . . A 6 1.39 2.41
impacts of site activity on nearby downwind (i.e., off-site) locations.
M 2 S 7 2.28 2.31
Therefore, the remaining discussion in this paper is limited to the down- 8 1.02 5.62
wind data collected during the activity period. 9 5 * 11 3 * 13
The canonical correlation procedure was performed based on the . .
correlation matrix for all contaminant variables. The northerly and 10 1.32 4.93
easterly wind speed components were mean values covering the period 11 0.66 4.73
from 0700-1700 L each day. The values of these variables for each day 12 0.64 3.85
are tabulated on Table 1. Note that the vector wind components are 13 1.48 4.33

directed to the north and to the east. Thus, a northeast wind would
have both components negative, while a southwest wind would have
both components positive.

Canonical correlation extends the sample correlation concept from
two single variables to two sets of variables. The two sets are analo-
gous to the dependent and independent variables in traditional regres-
sion analysis. The canonical correlation procedure finds the most highly
correlated pairs of linear combinations of the variables in each set. These
linear combinations are known as canonical variable scores and the
sample correlation between a pair of scores is the canonical correla-

tion coefficient. The scores may be interpreted by examining the
component variables® sample correlations with the resultant score.

Solid Contaminants

A summary of the results of the downwind canonical correlation
analysis for the solid contaminants is shown on Table 2. The first two
pairs of canonical variates are significant at the 10% level. The corre-
lations of the two pairs of scores with their component variables are

MODELING
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Figure 5

Box Plots for Activity Period: Acetone, Benzene, PCE and TCA

shown in Table 3. In Table 3 and in all subsequent tables including
sample correlations, coefficients significant at the 10% level ure flagged
with a (<) symbol.

Table 2
Summary of Canonical Correlation Results
Downwind Solid Contaminants

Canonical Significance
Number Correlation Level
1 0.9715 0.0069
2 0.9027 0.0951
3 0.7421 0.3274
4 0.4159 0.5145

Based on the significant correlations, the first pair of varates reflects
low copper levels occurring with southerly winds. Considering all the
correlations, the general relationship expressed by the first pair of scores
is lower contaminant levels and more southerly winds, which is con-
sistent with site geography. A stronger easterly wind component is neces-
sary to carry contaminants towards the downwind site. Therefore, the
southerly component would contribute to transport away from the site
(dilution.) Therefore, the first set of canonical variates appears to
represent the general reduction of contaminant levels at the downwind
site by dilution.

The second pair of variates reflects higher lead levels and longer
boring periods, based on the significant corrclations. In general, the
relationship is between higher contaminant levels and longer boring
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Table 3
Downwind Correlations of Canonical Variates
With Component Variables

Contaminant Scores

First Second

Pair Pair
Asbestos -0.427 -0.048
TSP -0.170 0.228
Copper -0.511< -0.190
Lead -0.199 0.669<
Zinc 0.122 0.467

Wind/Activity Scores

First Second

Pair Pair
North 0.704< 0.248
East -0.061 -0.427
Boring -0.209 0.939<

Drilling 0.383 -0.150

times. There is also a relatively high correlation in the activity/wind
score with westerly winds. As previously discussed, westerly winds
(high casterly components) are primarily responsible for contaminant
transport to the downwind site. Therefore, the second pair of variates
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Box Plots for Activity Period: Ethylbenzene, Styrene,
Toluene and Xylenes

represents the general elevation of contaminant level at the downwind
site during site activity with more westerly sea breeze® flow regimes.
The logical extension of this analysis would be to attempt to predict
the quantitative effects of varying levels of site activity on contaminant
levels. Constructing such a model would require establishing a solid
relationship between the variables and the scores. Unfortunately, the
correlations are too weak to be of predictive value. However, the
canonical correlation analysis does indicate that elevated contaminant
levels are qualitatively associated with increased boring activity.

Volatile Organic Contaminants

The canonical correlation analysis is summarized in Table 4, with
one significant pair of variates indicated. The correlations in Table 5
show no contaminants significantly correlated to the contaminant score.

This type of ambiguity occurs in canonical correlation analyses
whenever there are strong correlations between many variables in either
group. Such a high degree of correlation does exist amongst many pairs

Table 4
Summary of Canonical Correlation Results Downwind Volatile
Organic Contaminants

Canonical Significance
Number Correlation Level
1 1.0000 0.0000
2 0.9934 0.1675
3 0.7811 0.8137
4 0.7272 0.6406

Table 5
Downwind Correlations of Canonical Variates
With Component Variables

Contaminant Scores

First
Pair
Acetone 0.196
Benzene -0.218
Ethylbenzene 0.013
Styrene =0.023
PCE 0.018
Toluene -0.082
TCA -0.287
Xylenes 0.086
Wind/Activity Scores
First
Pair
North 0.716<
East =-0.640<
Boring -0.329
Drilling 0.159
MODELING
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of VOCs, principally due to the influence of nearby traffic emissions.
The use of highly correlated predictor variables in linear regression
produces an analogous effect.

More definitive results might be possible if some of the highly
correlated contaminant variables were eliminated. Such an elimination
of variables would be arbitrary, based on available data and so was not
attempted.

CONCLUSIONS

In the interpretation of ambient air sampling data collected during
field investigations at a landfill, “traditional” statistical comparisons
(e.g., comparison of means) may fail to reveal meaningful relationships
between site activity and resulting air contaminant levels. This short-
coming is due to the inability of single-variable statistics to account
for the more subtle interactions often present in air toxics sampling.
The use of a multivariate technique such as canonical correlation allows
a more detailed examination of the interrelationships among sampling
variables.

When applied to a set of actual ambient air toxics data collected during
activities at a landfill, comparisons of the upwind and downwind samples
using box plots and Wilcoxon two-sample tests for equal medians did
not reveal any significant increase in contaminant levels. This was due
mainly to the wide variability inherent in the data.
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Canonical correlation analysis of the solid contaminant levels and
the activity/wind variables at the downwind site shows that:
o There is primarily dispersion of contaminants across the normal sea-
breeze wind direction (southwest)
¢ Boring duration and elevated levels of metals are positively related

These canonical relationships are not strong enough for quanti-
tative use.

Canonical correlation analysis of the VOC data at the downwind site
are rendered indeterminant due to a high degree of inter-correlation
among the volatile contaminants. These interrelationships are due mainly
to traffic on the thoroughfares bordering the site, which likely obscures
any relationships between VOC levels and site activity.

The overall conclusions of the canonical correlation analysis of
ambient air toxics sampling during remedial investigations at this site
may be summarized as follows:
® On-site activities resulted in slightly elevated concentrations of copper,

lead and zinc in the ambient air downwind (northeast) of the site
* The increases in levels of these contaminants are not statistically

significant
* No significant increases in toxic VOC levels were linked to site activity

The use of canonical correlation to analyze results from other air
sampling efforts in support of RI/FS operations proved useful in this
case and may prove to be of even greater use in the future.
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ABSTRACT

The Theresienfeld landfill, located 30 km south of Vienna, Austria,
contains several thousand drums of waste solvent material mixed with
municipal garbage. The landfill operated from 1972 to 1985. Since the
early operating periods at the facility, waste solvents have leaked and
leached into a highly productive aquifer of the region. As part of a feasi-
bility study/design process for remediation of this landfill, a limited
groundwater modeling effort was undertaken to provide a general under-
standing of continual contaminant migration and a relative prediction
of future solute transport under two scenarios: with remediation of the
landfill materials and without remediation of these materials.

This waste facility is situated in the southern portion of the Vienna
Basin, which is a large, elongated, trough-shaped depression created
by classic horst and graben tectonics. Basin sediments consist of Tertiary-
age clay deposits overlain by 100 to 150 m of Quaternary gravel inter-
mixed with thin silt and clay lenses. The unconfined aquifer within the
gravel deposit is a principal future groundwater resource for Vienna.
General hydraulic conductivity values for this aquifer are in the range
of 1072 to 1073 m/sec. Groundwater flow velocities within the aquifer
range from 6 to 20 m/day along the longitudinal axis of the graben
structure.

In the 1960s, gravel mining in this area was prominent. At this par-
ticular location, mining operations resulted in a large pit with dimen-
sions of 100 m wide by 750 m long by 20 m deep. Early in the 1970s,
mining was no longer profitable, and this site was sold to a local entre-
preneur who began using the pit as a landfill, but without the use of
contaminant prevention techniques such as liners and leachate control.

Leachate from the landfill has since seeped into the relatively fast-
flowing Vienna Basin aquifer and resulted in organic contamination of
several nearby downgradient monitoring, residential and industrial wells.
Specific contaminants of the plume consist primarily of chlorinated
hydrocarbons including trichloroethylene, tetrachloroethylene and
1,1-dichloroethane at total concentrations of approximately 500 to 1000
w/L immediately downgradient of the landfill.

In addition to this landfill, there are several other contaminant sources
that likely are impacting aquifer ground water quality. Highly indus-
trialized cities such as Wiener Neustadt and Ternitz are situated upgra-
dient of the landfill. In particular, industrial facilities such as old steel
mills in these two cities likely have contributed to groundwater con-
tamination in the main recharge area of the aquifer.

Groundwater modeling consisted of evaluating average flow and solute
transport conditions in the general basin area surrounding the landfill
using the Analytical RANDOM-WALK Model. This model was used
to assess two-dimensional flow conditions under a finite difference
formulation, while integrating solute transport from particle-in-a-cell
for convective effects and random-walk techniques for dispersion in a

porous medium as a random process. This particular code was selected
for this study because of limited time constraints, limited data base and
the model’s ability to simulate two-dimensional mass transport problems
in homogeneous/isotropic aquifers under steady®state water table con-
ditions. Thus, although the results of this study are at best qualitative,
they do provide a general and relative indication of long-term impacts
on the aquifer.

In this modeling effort, flow parameters and contaminant loads were
determined based on chronological assumptions and best available data
in the general basin area with dimensions of 23 km by 46 km. Three
general sources of contamination were incorporated in the model: the
landfill as a point source, and two areas upgradient of the landfill as
line sources to simulate existing and continual inflowing contaminated
groundwater. These conditions were then calibrated to the most current
data set to best simulate the actual contaminant plume extent in two
dimensions as it currently exists.

The calibrated modeling simulation showed clearly that remediation
of the landfill source immensely improved groundwater quality of the
aquifer. However, low level contamination slightly above Austrian
drinking water standards would persist in much of the aquifer without
remedial action on assumed upgradient sources in the cities of Wiener
Neustadt and Ternitz. Without remediation of the landfill, the plume,
as originally estimated, would become more concentrated with the
various contaminants and would increase in extent to impact a much
larger area of the groundwater resource.

INTRODUCTION

The Theresienfeld landfill is a large, uncontrolled hazardous waste

facility located in a rural area about 30 km south of Vienna, Austria
(Fig. 1). Environmental effects from this landfill resulted in national
publicity and a government investigation of this and several other waste
disposal facilities in the area.
" The Theresienfeld site is situated in the Vienna Basin, one of the
major present and potential future groundwater sources for Vienna. A
few years ago, several communities installed drinking water produc-
tion wells at a location downgradient of the landfill. To the dismay of
these communities, the wells contained concentrations of chlorinated
solvents ranging from 20 to 30 pg/L throughout the central axis of the
Vienna Basin.

As a result of detectable contamination in the water production wells,
the Austrian government began monitoring the basin aquifer and detected
a widespread problem. The Theresienfeld landfill, as well as other con-
taminant sources from Ternitz and Wiener Neustadt, industrial areas
hydraulically upgradient of Theresienfeld, seemed to be contributing
to the problem. Ternitz and Wiener Neustadt have been heavily indus-
trialized since before World War 1II.
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The purpose of this modeling effort was to illustrate a simplified rela-
tive impact on the aquifer of a total cleanup operation implemented
at the landfill and to determine if the aquifer can recover to a useful
condition if the contamination source is controlled. Generalized two-
dimensional groundwater modeling results are presented under two
scenarios that yield insight on potential future horizontal contaminant
plume migration: (1) the landfill is left in its current condition, and
(2) the existing contaminant source (landfill materials) is removed.

In order to simulate the contaminant plume, sources of contamina-
tion upgradient of Theresienfeld were simplified and taken into account.
These sources generate the base load contamination of the upgradient
groundwater, which is superimposed onto the load from the Theresien-
feld landfill.

For this study, only the horizontal plume migration was evaluated.
Furthermore, this evaluation was performed utilizing the best availa-
ble data, which are limited in amount. However, the results demon-
strate that the groundwater system will recover slowly if the source is
controlled.

This two-dimensional model provided reliable results because the
aquifer in this area is fairly homogeneous with increasing depth to the
impermeable zone and vertical head differences likely are not signifi-
cant. Because of limited data and funds, a vertical contaminant predic-
tion was not performed.

BACKGROUND

Mined-out pits evidently end up being used for deposition of waste
materials all over the world. This was the case at Theresienfeld.
Beginning in 1966, an extensive gravel mining facility existed at this
location. Sometime in the late 1960s, the gravel production business
experienced dwindling prices, and by 1970 many gravel producers in
the area shut down operations. The excavation at Theresienfeld was
one such operation and resulted in an elongated pit about 100 m wide
by 750 m long by 20 m deep.

In 1972, the owner leased the Theresienfeld gravel pit to a nearby
paint and solvent manufacturing and recycling plant. The paint and
solvent plant obtained a permit from local authorities to dispose of
drummed waste materials in the pit. According to the permit, all
drummed waste was to be deposited in layers, with 20 cm of fill material
placed between each layer. However, the landfill operation was initiated
without any contaminant migration prevention technology, such as im-
permeable liners, leachate collection or gas control systems, or even
'security. Later, the new operator also obtained permission to dispose
of wastes from other industries in the pit. Within 1 yr after initiation
of the landfill operation, inspection authorities observed pooled
chemicals in various areas of the facility. The pools apparently were
the result of haphazard drum disposal or the dumping of free liquid
into the excavation. Improper disposal practices at the landfill continued,
and numerous problems were documented. Over the remainder of the
decade there were several chemical fires at the landfill. The operator
began to accept waste materials such as paint and solvent residue sludges
and shredded rubber, metal and manufactured items. Used oils were
spread over the shredded materials, apparently under the assumption
that they would serve as a sorbent.

By 1980, the landfill had begun to accept household wastes. By this
time, nearly half of the pit was full. In addition, approximately 200
drums were illegally buried in trenches at the bottom of the unfilled
half of the pit. Figure 2 is a map of the Theresienfeld area showing
the filled and unfilled portions of the pit.

HYDROGEOLOGY

The Theresienfeld area is situated in the central portion of the trough-
shaped depression known as the Vienna Basin (Fig. 3). In Austria, th.e
basin is approximately 60 km long and in the Theresienfeld area approxi-
mately 10 km wide. The basin extends in a north-northeast direction
from Neundirchen to the Danube River near Vienna. The basin was
formed by classic horst and graben tectonics. The associated structural
movement has resulted in down-thrown Tertiary- and Quarternary-aged
rock materials which make up the graben and upthrown Jurassic- and
Tertiary-aged units along the basin®s flanks. Faulting has occurred deep

in the Tertiary sediments within the basin, perpendicular to the graben
structure. In the area of Theresienfeld, the result of this faulting
phenomenon is a sub-basin known as the Mittendorfer Senke, which
is one of four major sub-basins within the larger Vienna Basin.

In general, the stratigraphy of the Vienna Basin consists of Quar-
ternary gravel deposits which overlie Tertiary clays, clay marls and con-
glomerates. This gravel deposit was transported and deposited by the
numerous rivers that drain into the basin from the surrounding upland
terrain. The gravel formation is fairly homogeneous, with localized clay
and sand lenses sporadically located throughout. In the Vienna Basin,
the gravel varies in thickness from 3 m to 150 m. In the Mittendorfer
Senke, the gravel is approximately 100 m thick.

A thick Tertiary clay deposit exists below the gravel and extends
throughout the entire Vienna Basin. This formation consists of a blue-
gray clay intermixed locally with limestone fragments and layers of sand.
Most of this clay is impermeable. The average clay thickness in the
basin is believed to be approximately 300 m. The interface between
the gravel and clay is very distinct, and the depth of this boundary is
highly variable within the Vienna Basin. In the Theresienfeld area, the
clay surface is estimated to range in depth from 25 m in the area south
of Theresienfeld, to 100 m in the immediate vicinity of Theresienfeld,
to 25 m in the area north of Theresienfeld.

The unconfined, very permeable aquifer which resides in the gravel
formation of the Vienna Basin is believed to be one of the best fresh
water resources in Europe. The aquifer is recharged primarily by the
Schmarzau and Piesting Rivers which flow out of the mountainous
region located southeast and east of the Vienna Basin. These rivers,
along with several others to the south, are also the main surface water
features in the basin. All of the surface water eventually drains into
the Danube River which transects the basin at the northwest end.

The depth to the water table in the Theresienfeld area is approxi-
mately 20 m below the surface. The regional groundwater flow direc-
tion of this aquifer is generally north-northeast, parallel to the
longitudinal axis of the basin. In the Theresienfeld area, the local
groundwater flow direction is also northeasterly. Dye tracer tests per-
formed by local authorities have shown that flow rates in this aquifer
in the Theresienfeld area are very rapid, ranging from 6 to 10 m/day
near Theresienfeld, and increasing toward the recharge area at the south-
west end of the basin to as much as 20 m/day.

This surficial aquifer supplies drinking water to most of the popula-
tion of the Vienna Basin area, except for Vienna. The city of Vienna
currently receives its water via aqueducts from the uplands to the south-
west. However, the demand for water at Vienna is exceeding the ca-
pacity of current supply sources, and it is anticipated that the city will
have to begin drawing on Vienna Basin groundwater sources in the near
future.

In 1982, based on periodic sampling of several wells throughout the
Vienna Basin area, local authorities directed the Theresienfeld landfill
operator to sample and analyze groundwater from nearby existing wells
for chlorinated hydrocarbons and metals. As a result of this sampling
and regional ongoing investigations, the authorities concluded that the
landfill was contributing substantial contamination to the groundwater
with trichloroethylene, perchloroethane, toluene and 1,2-dichloroethane
being the major chemicals of concern.

During the period from 1982 to 1985, the Austrian government
installed a number of monitoring wells around the landfill perimeter
and sampled these wells and nearby private wells on several occasions.
The drilling installation methods and construction details of these wells
are unknown.

Based on the available groundwater sampling data, a lateral contami-
nation plume was defined (Fig. 4). In addition, in 1984, soil gas sampling
was performed in the landfill area by a German firm. The soil gas results
were quite similar to the groundwater sampling results. Thus, the data
clearly indicate that significant contamination is leaching from the land-
fill to the groundwater aquifer and migrating downgradient.

MODEL DESCRIPTION

A semi-quantitative mass transport model known as Analytical
RANDOM-WALK' was employed for this study. The flow portion of
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this model is based on groundwater velocities actually measured in this
basin aquifer.” Expanded regional solutions for groundwater flow were
obtained analytically in this model based on an average of these
velocities.

Aquifer parameters were discretized by superimposing a finite dif-
ference grid over a map of the basin aquifer area. This grid covers a
large area downgradient of the site with equidistant x and y axis lengths
of 23 km by 46 km, respectively. This area was further divided into
100 distinct cells with dimensions of 2300 m by 4600 m (Fig. 4). Input
parameters for this particular model include both flow and solute trans-
port conditions. The final parameters used for this project are listed
in Table 1. The following discussion explains how these final conditions
were developed.

Table 1
Groundwater Model Input Parameters

English Metric
Aquifer thickness (saturated) 264 ft 80 m
Hydraulic conductivity 2,846 gpd/ft’ 1.34 x 10 m/sec
Porosity (dimensionless) 0.3 0.3
Regional flow velocity 197 ft/day 6 m/day
Transmissivity 747,000 gpd/ft 106 x 10" m%/sec
Storage coefficient (dimensionless) 0.2 0.2
Retardation (dimensionless) 100 100
Longitudinal dispersivity 60.0 ft 183 m
Transverse dispersivity 100 ft 305 m

Annual Mass Loading Rate 280,000 1b 27,170 kg

Flow Parameters

The parameters for the groundwater flow portion of the model con-
sisted of transmissivity, hydraulic conductivity, storativity and flow
velocity obtained from the available data base and personal interviews.

The flow field parameters were based on local research sources’ and
showed that groundwater in this area commonly flows at 6 m/day in
the general area of the basin. In this simplified modeling effort, only
a single flow trend is used for mass transport conditions. Hydraulic
conductivity (K) was obtained from average field measurements made
during the November, 1985 geotechnical investigation of the empty west
pit area. Transmissivity (T) was obtained by simply calculating the
product of K and the estimated average saturated thickness of the aquifer
(80 m). As expected, this groundwater system has a relatively large
transmissivity. The storage coefficient was assumed at a value of 0.2,
which is typical for an unconfined aquifer.*

Solute Transport Parameters

Parameters for the solute transport segment of the model were
determined based on limited background information with regard to
total chlorinated hydrocarbons as the primary leachate at the landfill.
In the development of the solute transport parameters, a typical land-
fill leachate formation process has been assumed to occur. Under this
assumption, once the leachate begins to form by precipitation recharge,
it migrates slowly downward through the landfill where physical, chemi-
cal and biological forces act upon it. Eventually the leachate reaches
saturated strata, where it moves as defined by the hydraulic flow velo-
cities. From this point on, the leachate concentration will decrease due
to several phenomena, including dilution, filtration, sorption, microbial
degradation and dispersion. General input solute transport parameters
to simulate the process described above in this modeling effort consist
of contaminant mass flow rate, retardation and dispersion.

The leachate leakage rate was determined in a two-step process and

based on the equation:

QC, = Leachate mass/year
Where: Q= Source area X recharge rate
C,= Initial concentration, (ug/l) of Leachate

In this equation, the source area and recharge rate were obtained from
the available data as 35,000 m? and 716 mm/yr, respectively; thus, Q
equals 68.7 m*/day. Co has not been measured except for very high
concentrations detected in samples collected from excavated drums. The
drum concentrations, however, cannot be directly used because once
the material leaks from the drums, mixing and dilution occur from
recharge wastes. Therefore, the leachate concentration was first esti-
mated based on the solubility of trichloroethlyene and then adjusted
to simulate concentrations that had been measured in the nearby wells.
Hence, an annual input of 78,972 kg "pounds® was used as a mass con-
taminant loading rate into the model. This acontaminant loading, in
turn, corresponds to an initial leachate concentration of approximately
3,146 mg/L in the landfill.

Retardation is used to represent the change in the solute concentra-
tions of the groundwater caused by chemical reactions within the aquifer
matrix. These reactions include absorption, organic fixation, chelation,
etc. Chemical reactions between the dissolved components and the
aquifer matrix have a tendency to retard contaminant movement rela-
tive to groundwater movement. The retardation value for this model
was determined by using the following equation (Gabarini and Lion
1986):

v. P,
R = =1+ K, )
Ve n,
Where: R = Retardation (dimensionless)

= Groundwater Velocity

V = Contaminant Velocity

P = Subsurface Bulk Density
n = Effective Porosity

= % Organic Carbon (K )

K_= Soil/Substrate-Water Partition Coefficient for the
Chemicals of Concern (chlorinated hydrocarbons)
and Normalized to the Substrate’s Organic
Carbon Content

Dispersion of the leachate in the groundwater system essentially causes
the contaminant concentrations to decrease with increasing distance of
flow. It is caused by a combination of molecular diffusion and
hydrodynamic mixing. Dispersion can be both longitudinal and trans-
verse, the net result being a contaminant plume with a general conic
configuration downgradient from the continuous pollution source. The
contaminant concentrations are less at the margins of the cone and
increase in the middle toward the source. For this modeling, disper-
sion is input as dispersivity, the difference being that the dispersion
includes velocity.

The dispersivity parameters for this modeling evaluation were first
obtained from literature values given for a groundwater system of a
similar gravel aquifer in Loins, France' and then adjusted by model
calibration using observed groundwater quality data from the landfill
vicinity so that the modeled contaminant levels generally paralleled
actual field measurements. As a result, the model output is most relia-
ble near the source and progressively decreases in reliability with
increasing distance away from the source.

Chronological Assumptions

The final step in setting up the model consisted of developing a
reasonable chronological history of the site based on previous waste
disposal practices at this location. Because of the large area covered
in this modeling evaluation, contaminant loading was performed for
both the continuous and discontinuous source simulations at a point
where the landfill materials currently exist. In both cases, the modeling
simulation began in 1972, which is the approximate date when disposal

MODELING 169



oLl

DNITAAdOW

2300

FISCHER
DEPONIE
g g g § 3 g
METE: g 8 g 5 § g
i R AN I ; 4
}%{c ',(og “oJ /é

4600

~

6900

9200 . .
P ——————
N P
R E—
11500 NS
Il S

13800 |

16100

18400

20700 A

23000 o
SOURCE: Geo. Bun.; Wlen und Umgebung (1. 2000.000)

0 5 10 MILES
—
KEY: g [} 10 KILOMETERS
smmm 20w Totel Chiorinated
Hydrocarbon Isoline (4a/1)
Figure 5

Modeled Contamination Plume — Year 1972
(Calibration Phase)



ONITIAOW

ILT

METER

FISCHER
DEPONIE

2300

4600

6900

Z
9200

11500

13800

16100

18400

20700

23000

KEY:
mmm 20 mmm Total Chlorinated
Hydrocarbon lsoline (a/l}

0 5 10 MILES
[ — N .- —
0 5 10 KILOMETERS
C e omee " enes——
Figure 6

Modeled Contamination Plume — Year 1982 (Calibration Phase)




[43)

DONITIAONW

FISCHER
DEPONIE METER
METER 2 2 8 8 8 Y H 2 5
8 8 g 8 : 8 8 8 8
O % E BRI X - A - = 4
EOAN _ - F
> - R
2300 gl S Vi

4600

9200

11500

16100
18400

A

\ .
20700 < — ;

- {

® A 1 ! s

\‘*. < o\ LT 4!
23000 — s S

SOURCE. Geo. Bun., Wlen und Umgebung {}: 2000.000)

0 ] 10 MILES
[ eammmks S "]
KEY: o) o 5 10 KILOMETERS
amm 20 mmm Total Chiorinated
Hydrocarbon Isoline (Ug/t)
Figure 7

Contaminant Plume Predicuon Year 1990



operations were initiated.
Sources of contamination were assumed as follows:

o Theresienfeld landfill as a “point source”
¢ Upstream sources as two “line sources’™
— One line source parallel to the groundwater flow to bring into the
model in 1972 the already existing contamination.
— One line source on the upstream boundary of the model, trans-
verse to the groundwater flow, simulating the inflowing contami-
nated groundwater from upgradient sources.

It was assumed that the contamination from upgradient sources re-
main constant at an average of about 30 g/L which is the present situa-
tion. As previously discussed, in 1982 detailed groundwater quality
measurements showed a contaminant plume extending beyond a near-
by well (W-83) located hydraulically downgradient of the site. The
horizontal longitudinal plume configuration is essentially parallel to
the northwesterly groundwater flow direction, which is toward two
recently installed Vienna production wells and the Danube River.

For the continuous source or no-action simulation, it was assumed
that contaminant release would occur indefinitely and predicted to the
year 2040, or 50 yr past 1990, which is the likely realistic point at which
the source would be mitigated. In the second simulation, contaminant
discharge was assumed to end in 1990 following implementation of
source control measures and removal of waste materials.

SOLUTE TRANSPORT SIMULATION

The transport simulation was performed in two phases. First the simu-
lation was calibrated to best parallel the limited data available. Next,
following calibration of the model, two predictions were made to show
what the horizontal plume extent effects are if: (1) the landfill situation
is left in its present state and release of contaminants continues, or (2)
the landfill materials are removed.

Calibration

Model calibration consisted of using the chronology and parameters
previously discussed to best simulate the actual contaminant plume
extent as it currently exists based on the known well data. As a result,
several runs were performed starting with the initial 1972 period in order
to achieve reasonable calibration. In each run of the model, input
parameters consisting principally of contaminant particle mass, retarda-
tion and dispersion were altered in various combinations to a point at
which the modeled contaminant plumes roughly resembled the current
plume configuration. Figures 5 and 6 show the estimated total chlori-
nated hydrocarbon plume for 1972 and 1982, respectively. Figure 7 shows
the predicted modeled plume for December, 1990, which has general
dimensions of approximately 9.2 km long by 4.6 km wide, or a total
approximate area of 42.3 km?. These figures illustrate how the system
was polluted over time and the associated contaminant spreading.

The variety of complex facts that control the movement of leachate
and the overall behavior of the contaminant plume are difficult to assess
accurately within the given data limitations in that the final effect
represents several factors acting simultaneously. Therefore, the illus-
trations shown here, and the predictions of concentration and plume
geometry that follow, are, at best, only to be used as relative estimates
that provide an idea of potential aquifer restoration if the landfill source
is removed.

Contaminant Movement Prediction: Landfill Source Continuous—
.(No Action)

The first prediction was based on the premise that the landfill would
be left in its present state, i.e., no action and contaminant leaching con-
tinues. Figures 8 through 10 illustrate the modeled areal extent of the
plume for the years 2000, 2020 and 2040, respectively. Essentially, these
figures represent 10, 30 and 50 yr beyond the present time. Concentra-
tions are shown in pug/L of total chlorinated organic contaminants.

As depicted in the figures, the model predicts that'the plume evi-
dently contaminates a wide and long strip of the aquifer. The predicted
50 yr contaminant plume extends approximately 19.5 km hydraulically
downgradient of the landfill and attains a maximum width of approxi-

mately 10 km. Hence, a total approximate area of 195 km? of the
aquifer will be contaminated at a concentration greater than 40 ug/L
according to this simulation. Thus, from these results clearly show that
as long as nothing is done to control the contaminant source, the resulting
plume will grow larger and impact downgradient resources to a much
greater extent. At the movement rate depicted by this simulation, the
contaminant plume front theoretically could reach the Danube River
area (about 40 km downgradient from the site) in 150 yr.

Contaminant Movement Prediction: Landfill Source Removed

A second prediction was made to show how the contamination will
spread with time if the landfill materials are removed or contained so
further leaching cannot occur. Figures 11 through 13 show the general
modeled areal extent of the plume for the years 2000, 2020 and 2040,
respectively. These figures represent time sequences 10, 30 and 50 yr
following source control of the landfill. Concentrations are shown in
mg/L of total chlorinated organic contaminants.

As shown in the illustrations, the model predicts that the plume will
migrate as a large slug parallel to the predominant groundwater flow
direction as expected. In addition, the 30- and 50-yr predictions show
a slight transverse spreading due to advection and dispersion mechanisms
as the plume migrates further. According to this prediction, the area
immediately downgradient of the landfill will begin to be restored to
natural conditions in 20 to 30 yr, provided that other upgradient sources,
and any heavier-than-water contaminants that have possibly accumu-
lated at the bottom of the aquifer below the landfill, do not exist.

It must be understood that this prediction does not account for what
may occur vertically; the vertical plume spatial extent was not evaluated.
Realistically, the effect of vertical relationships may be important because
certain contaminants, such as trichloroethylene, may exist at high con-
centrations at low areas along the impermeable layer interface of the
aquifer and thus act as additional sources. A verification of segregated
concentration levels with depth is required to consider this condition
further. The given prediction, however, provides a reasonable estimate
for planning purposes. It also should be noted that the given predic-
tions do not take into account additional increased pumpage effects
associated with water demand from the City of Theresienfeld, the gravel
pit operation or any other downgradient production wells as well as
any impact from the nearby canal.

CONCLUSIONS

The Theresienfeld landfill represents AustriaSs first experience with
hazardous waste site problems and the resulting effect on critical ground-
water resources. In response to the growing concern of how this par-
ticular landfill has and will impact the Vienna Basin Aquifer of eastern
Austria, a limited groundwater modeling study was implemented using
the very flexible and dynamic Analytical RANDOM-WALK code®.

Although the area modeled was very large and the existing data base
limited, through the use of this model, a qualitative prediction was per-
formed to demonstrate on a general scale the overall impact to the aquifer
under two separate scenarios: (1) with remediation of the contarmninant
source area and (2) without remediation of the source.

In essence, the two separately calculated scenarios show that by
remediating the Theresienfeld landfill, i.e., total source removal, the
groundwater quality of the Vienna Basin Aquifer will significantly
improve. However, a contamination leachate slug that would still exist
once the source is removed, together with other regional continuous
contaminant sources upgradient of the landfill (located in Wiener
Nuestadt and Ternitz), would still adversely impact this aquifer, and
contaminant levels will continue to exist in excess of Austrian drinking
water standards unless these sources also are remediated. Hence, this
limited RANDOM-WALK modeling study met an overall objective to
provide the public with a general understanding of existing Theresien-
feld landfill effects on the Vienna Basin Aquifer.
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Economic Analysis of Public and Private Management
of Remedial Actions

Marc Curtis, PE.
ERM-Southwest, Inc.
Houston, Texas

ABSTRACT

From 1983 to 1989, the two Superfund Projects analyzed in this paper
proceeded from preliminary investigations to construction. One project
was managed by a state agency (public), the other by PRPs (private).
The U.S. EPA provided varying degrees of over,sight for both projects.
This paper discusses the magnitude and distribution of costs for the
two projects and compares the project management performance.

Overall, private management controlled construction costs much better
than public management, with bid prices for the Private Project being
$125,000/ac of clay cap, compared to $512,000/ac of clay cap for the
Public Project. However, the Private Project had significantly higher
administrative and engineering costs due to the central role the U.S.
EPA and its oversight contractors played in the remedial process. The
redundant management style imposed on the private project added
$1,425000 to the design phase and will add up to $1,800,000 to the con-
struction phase.

The U.S. EPA should reduce its oversight of privately funded remedia-
tion projects to a compliance review role. A reduced role would improve
the design phase, the cost-effectiveness of projects and the rate at which
remedial construction is completed.

INTRODUCTION

Private management, with the qualities necessary to succeed in the
competitive marketplace, has the potential to outperform public manage-
ment of remedial actions. Public agencies are organized and staffed
to regulate, not construct, while private parties (industrial corporations)
routinely design, bid and con-struct complex facilities. The most
important quality necessary to manage projects is flexibility, the ability
to develop an approach which continually adjusts to the specific needs
of a project. When Public Agencies are placed in the unfamiliar role
of project management, they are required to apply inflexible procedural
requirements to all projects instead of developing an individual approach
for each project.

This paper compares performance of public and private management
by comparing two Superfund remediation project costs. Underlying
reasons for differences in performance are examined for the two proje(;ts.
The comparison is divided into three phases: (1) design, (2} bidding
and (3) construction. The general characteristics of the projects are
discussed first as background for the comparisons that follow.

GENERAL CHARACTERISTICS OF THE PROJECTS

Differences in the size, nature and location must be described before
comparing the engineering and construction activities of different
projects. For these projects there are a number of similar components
in the remedial design which can be directly compared; however, the
private site is remote and weather conditions frequently delay construc-

tion work.

Both projects proceeded in a similar path from preliminary investi-
gations to construction over the time period 1983 to 1989. The Public
Project has a clay/membrane cap which covers approximately 11 ac,
while the Private Project’s clay/membrane cap covers 41 ac. Both projects
have slurry walls constructed using the excavated soil mixed with slurry
for backfill. The maximum depths of both walls are 40 ft and the total
square footage of the walls are similar: 100,000 ft* for the Public
Project and 150,000 ft* for the Private Project (not all of the Private
Project was contained by slurry walls).

The Public Project is in a major metropolitan area and is readily
accessible to the labor, materials and utilities necessary for construc-
tion. The Private Project is remote, the daily commute to the site is
approximately 40 mi and the site is not served by public telephone,
water or sewer lines.

Annual rainfall at the Public Project site is 42 in compared to 62
in at the Private Project site. The Public Project is occasionally delayed
by rainfall but site drainage is good. Construction schedules are strongly
affected by weather at the Private Project site with flooding and rain-
fall frequently causing extended delays in the work. Contractors, in
determining the cost of the work, considered weather an insignificant
factor for the Public Project and a significant factor for the Private
Project.

COMPARISON OF DESIGN PHASES

The design phase includes all of the work from preliminary site
investigations to final agency approval of the construction documents.
The RI/FS, consent decree, construction plans, specifications, worker
health and safety plan, construction quality assurance plan, operation
and maintenance plan, quality assurance project plan and all other
reports, studies and contract documents necessary to proceed with bid-
ding and contracting for the work are included in this phase. The mag-
nitude and distribution of design phase costs for the Projects are
compared in Table 1. It is evident that the Private Project has many
more types of expenditures than the Public Project. These additional
expenditures include negotiations with the agencies, monitoring U.S.
EPA site activities, U.S. EPA oversight, legal and administrative costs.

Negotiations with the agencies include the engineering and legal work
necessary to develop the comprehensive and detailed agreements
between the U.S. EPA and the private parties for remediation. Negoti-
ation of this agreement, the Consent Decree, added $340,000 to the
cost of the Private Project. There is not a directly comparable cost for
the Public Project as potential responsible parties did not enter into
a Consent Decree with the U.S. EPA.

Within the Private Project there is a broad area of duplicate effort
which includes monitoring, oversight and preparation and review of
duplicate reports. For example, both the U.S. EPA and the private parties
produced Rls and FSs because U.S. EPA’s early policies regarding Con-
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sent Decree terms were not acceptable to the PRPs. Duplicate effon
is an apparent significant burden on the Private Project, representing
an additional cost of $1,425000. However, in the case of this site, it
definitely reduced overall project costs because it prevented U.S. EPA
from unilaterally selecting an overly conscrvative and more costly
remedy. This duplicate effort is in part a result of the organizational
set-up illustrated in Figure | in which the U.S. EPA and its Consul-
tants play a poorly defined parallel management role from beginning
to end of the project. The problems associated with this organizational
setup are aggravated by the high turnover rate in the U.S. EPA and its
oversight consultants. The U.S. EPA project manager and oversight con-
tractor changed three times during the Design Phase of the Private
Project.

Table 1
Design Phase Costs
RPublic Site Private 3ite
PRELIMINARY
Remedial Investigation $670,000 $270,000
Monitoring EPA 0 67,000
Feasibility Study 230,000 104,000
Past Agency Response Costs o 800,000
EPA RI/FS Critique (] 43,000
Consent Decrea Negotiations 0 340,000
$900,000 $1,624,000
DESIGN
Geotechnical Investigations o 400,000
Remedial Design 250,000 jeo,000
Oversight Review Response 0 200,000
EPA's Oversight ] 70,000
EPA's Oversight Contractors [} 240,000
State's Oversight 4] 5,000
$250,000 $1,295,000
ADMINISTRATION
Legal 0o 400,000
Accounting [} 30,000
4] 410,000
TOTAL $1,150,000 $3,349,000
OMRBICHT

STATE - EPA

A

OVERSIQHT
(oo ]
1
COMIRALTOR l

PRP's

PRIVATE MANAGEMENT

= ENGINEER

PUBLIC MANAGEMENT

Figure |

The parallel management role the U.S. EPA and their consullants
played in the Private Project Design Phase can best be described by
recounting the review and approval process for the plans and specifi-
cations. During this 12-mo process, there were a total of 251 review
comments on the specifications and related documents and over 100
review comments on the plans. Responses to many of the comments
required an extensive effort because of the broad nature of the questions
and the many issues they raised.

The scope of the comments ranged from minute details to requests
for far reaching revisions to the basic design which was carefully speci-
fied in the Consent Decree Statement of Work. A request to specify
the tightening torque for certain fittings is an example of a minute detail
request. A request to increase the thickness and slope of the clay cap
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is an example of a comment which would have involved a major revi-
sion (o the Consent Decree Design. The process was not a traditional
regulatory review of compliance with defined design criteria. In effect,
a parallel management team had been established by U.S. EPA which
directed the design process away from the Consent Decree Design. It
became private management's job to supply the parallel U.S. EPA
management team with background and information necessary (o bring
the process back on the Consent Decree course afier each review cycle,
In this arrangement, private management had to devote its resources
and talents to review response rather than design initiatives and
refinement.

The central role assumed by the U.S. EPA and its oversight contrac-
tor during the design phase was not well defined or productive. Despite
the hundreds of review comments submitted during the Private Site
design phase, there were no significant changes in either the concept
or details of the remedial design. Lengthy responses were drafied, dis-
cussed and submitted. For example, it took a considerable effort to con-
vince the U.S. EPA and its consultants that SARA Title 111 did not apply,
that federal, state and local permits were not necessary and that
continuous temperature monitoring of the workers was unreasonable.
There were extensive submitials accompanied by theoretical calcula-
tions concerning the mechanical stability of the geofabric, potential ef-
fects of lateral deformation of soft clays on the slurry wall and the
moisture density ranges for the clay cap even though the geofabric, the
slurry wall and the clay cap were routine applications, specified in a
standard manner. Editorial comments and small changes which did not
increase construction costs or unduly complicate the specifications were
commonly adopted simply to advance the review process. In focusing
the attention and resources of the private management team on the review
process, opportunities in improving and refining the design concepts
were certainly lost. These lost opportunities, the cost of the review and
delays in the project were all the result of imposing a paralle] manage-
ment structure without clear objectives on the Private Project.

The Public Project design phase process took 6-mo as compared to
12-mo for the Private Project. The Engineer’s efforts during the Public
Project design were devoted to design instead of response to review
comments. Review comments were limited and directed at correcting
inconsistencies or omissions in the plans and specifications. The U.S.
EPA played the traditional role of a regulatory agency: it reviewed the
results of the design process rather than becoming part of it. The benefits
of this brief review process are obvious in the schedule and costs of
the Public Project design phase.

Legal and accounting costs for the Private Project were $430000.
There is no comparable expenditure for the Public Project. These costs
result from the continual threat of U.S. EPA taking control of the project
and completing the project with Superfund monies and the need to
develop written agreements among the many parties involved in the
Private Project and to administer those agreements. The legal and
accounting services include: researching the records; developing cost
sharing agreements; pursuing non-responsive PRPs: and creating and
supporting the steering committee in implementing the remedy.

Performance factors can be calculated and compared for the Public
and Private RIs and FSs. The primary objective of the Rl is to define
the location and concentration of the hazardous wastes on the site through
sampling and analysis activities. The costs of the sampling and analy-
sis activities should be a high percentage of the total cost of the RI.
The percentage of sampling and analysis costs to the total Rl cost was
17% for the Public Project and 41% for the Private Project, indicating
that the Private Project performed significantly better than the Public
Project.

Accurate construction cost estimates for alternate remedies are an
important part of the FS. The unit prices used in the Public Project
FS were generally lower than the bid prices. The unit prices used in
the Private Project FS were generally higher than the bid prices.

Neither FS accurately estimated the construction cost of the projects.
FSs are an example of a rigid procedure developed by the U.S. EPA
which does not serve a useful project management function, but is
applied by regulation to all projects.



COMPARISON OF BIDDING PHASES

The Bidding Phase consists of preparing bid documents, bidding the
project and awarding the construction contract(s). Table 2 compares
the bid prices for the Public and Private Projects. The Public Project
has very high mobilization costs compared to the Private Project. The
high mobilization costs for the Public Project are the result of the Con-
tractor’s perception that initiating a job with a government agency is
expensive and the specific mobilization requirements specified are more
extensive than those for the Private Project. Table 2 indicates that the
public management team selected off-site disposal as part of the
remediation which represents a large portion of the construction bid.
Excluding off-site disposal, the Public Project construction bid prices
were $512,000/ac of clay cap compared to $125,000/ac of clay cap for
the Private Project. Table 3 compares the unit costs for construction
common to both projects. With the exception of sand, the unit costs
are much higher for the Public Project than for the Private Project.
The higher sand costs for the Private Project are associated with the
remoteness of the site.

Table 2
Bidding Phase Results

Bid Amounts

Public Site Private Site

Construction Costs $4,590,000 $5,140,000
Non-Construction Costs
Bonds 117,000 0
Mobilization/Demcbilization 730,000 145,000
Sampling/Analysis 210,000 [¢]
Administrative Delay 27,000/day 0
Transportation/Disposal 10,500,000 o]
TOTAL $16,130,000 $5,285,000
Estimated Construction Phase Engineering Costs
Oversight 500,000 800,000
Sampling/Analysis 0 200,000
EPA Oversight _Unknown 1,800,000
TOTAL $500,000+ $2,800,000
GRAND TOTAL $16,630,000+ $8,085,000

Table 3
Unit Cost Comparison

Public_Site

Clay ($/cu.yd.) 8.00 5.00
60 mil HDPE ($/sq.ft.) 0.50 0.35
Sand ($/cu.yd.) 15.00 16.85
Topsoil ($/cu.yd.) 18.00 2.50
Slurry wall ($/sq.ft.) 3.70 1.50
Seeding ($/sg.yd.) 0.65 0.25

Clearing ($/acre) 4,500.00 1,300.00

Bid prices depend on the Contractor’s perception of tpe project and
the prices suppliers quote for the materials of construction. The Con-
tractor’s perception includes how he perceives his competition, clarity
of the contract documents, the unit pricing structure, contract imposed
project overhead costs, contingencies and the working relationship with
the Owner. Material prices depend on how well the specifications foster

competition between suppliers.
Successful bidding requires the management team to do much more

Private Site

than prepare plans and specifications and put them out to bid. They
must develop a bidding strategy and actively address concerns and
options raised by contractors and suppliers during the bidding process.
The bidding strategy must develop a unit pricing structure which iso-
lates contingencies but comes as close as possible to a single lump sum,
hard money contract. Where unit prices are used, there must be an
accurate method of selecting the quantity to bid and measuring quanti-
ties constructed. This may require a predesign site investigation more
detailed and directed toward the selected remedy than that accomplished
during the RI. An investment in such a predesign data gathering step
usually will return its cost several times over in lower construction costs.
The Bidders should believe that a good working relationship will be
established with the Owner. The management team must develop this
belief through the manner in which the pre-bid conference and other
communications with the bidders are conducted.

The cost differences summarized in Tables 2 and 3 are the result of
specific differences in the bid documents and different bidding strategies.

The Public Project required performance and payment bonds in the
amount of the contract price. These bonds added $117,000 to the cost
of the Public Project. The purpose of the bonds is to provide security
that, in the event the contractor fails, the work will be completed by
the bonding company at the prices bid and subcontractors will be paid
so that liens are not placed on the property.

Public agencies typically require bonds on construction projects, but
the costs often exceed the benefits. If there are many competitive bids
for a project, it is easy to find a replacement for a failed contractor
and the procedure for replacing a contractor is simpler if a bonding
company is not involved. With proper construction management, the
contractor always has completed more work than he has been paid for
at any given time in the contract, and it is not difficult to verify that
subcontractors are being paid. Bonds are expensive insurance for
problems that can be handled effectively through the contractor selec-
tion process and construction management.

The bid strategy for the Public Project resulted in 40, mainly unit
quantity, bid items. The bid strategy for the Private Project resulted
in 12 bid items, half of which were unit quanti,ties. The success of the
Public Project bid strategy depended on accurately estimating bid quan-
tities and completely defining the work with a large number of specific
bid items. The difficulty in accurately estimating quantities, especially
for hazardous waste work and without detailed site investigations directed
specifically toward the selected remedy unit quantities, leaves the Public
Project open to change orders and scope of work disputes.

The Private Project combined 85% of the work into two lump sums.
Unit pricing was used to isolate contingencies and allow adjustment
of certain field controlled activities where there was a potential for con-
siderable savings if properly managed and small downside risks. The
structure of the Public Project’s unit pricing allowed payment of $700,000
for quality control, health and safety and mobilization before the start
of construction. Comparable costs for the Private Project were $120,000,
and this amount was paid after the start of construction.

The Public Project left contingencies in some bid items. For example,
there was only one unit price used to bid the slurry wall, but the specifi-
cations defined several actions the contractor would have to take if
affected materials were encountered. The contractor had no choice but
to assume the worst and include the contingency costs in the one bid
item. This contingency is one explanation for the higher slurry wall
unit cost for the Public Project as shown in Table 3.

The Public Project placed the primary responsibility for QA/QC on
the Contractor. This requirement distorts the engineering costs for the
Public Project by making the QA/QC costs part of the construction costs
and, more importantly, this does not provide independent construction
quality assurance as required by U.S. EPA guidance documents. The
construction quality assurance personnel and organization were indepen-
dent of the Contractor in the Private Project, providing clear definition
of engineering and construction costs and the separation necessary be-
tween the Contractor and QA/QC work.

The Public Project bid documents have many standard requirements
absent in the Private Project. These additional requirements include
pollution liability insurance, a procedure to obtain indemnification which
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includes lengthy documentation, MBE/WBE requirements, Davis-Bacon
labor and wage requirements, federal audit, procurement and record-
keeping procedures and the requirement for preparation and submis-
sion by the contractor of several technical plans for quality control,
health and safety and spill control. Private management can be flexi-
ble in developing contract documents including only the requirements
necessary for particular projects and insurance and indemnification
necessary for potential risks. Private management also has the ability
to pre-qualify contractors and sub-contractors which can be used to
improve the bidding and contractor selection process.

Public management's rigid procedures and standard requirements dis-
courage all but a limited group of large national contractors who
specialize in bidding U.S. EPA-funded remedial work. This limits com-
petition and will drive bid prices up rapidly if the U.S. EPA increases
the rate at which projects are put out to bid. Private management has
the flexibility to limit bidding requirements and the ability to solicit
bids from local contractors. This flexibility creates a competitive bidding
environment, results in low unit prices for the work and the selection
of a prequalified contractor familiar with local working conditions.

COMPARISON OF CONSTRUCTION PHASES

The construction phase starts with the contractor mobilizing onto the
site and ends with completion of the work. It includes all of the con-
struction work necessary to complete the remedial action and the
engineering oversight required to assure compliance with the plans and
specifications. One means of measuring performance during the con-
struction phase is the comparison of estimated quantities, bid prices
and projected oversight costs to the actual quantities, prices and costs.
The number and extent of change orders are also an indicator of per-
formance. Numerous or extensive change orders which increase the
contract time or price indicate problems in the bid documents and/or
project management.

As of June, 1989, the Public Project had been under construction
for 4 mo and the Private Project for 7 mo. While the projects are not
complete, there is sufficient information to measure the Public and
Private management performance through June, 1989 and discuss the
trends established.

Mobilization and site clearing were the only work items completed
during the first 14 mo of construction for the Public Project. Even with
the small amount of construction work completed, the effect of delays,
inaccurate quantity estimates and change orders on the project costs
have been established. Oversight, stormwater disposal and administra-
tive costs have continued to increase during the delays. Engineering
oversight and stormwater disposal costs have increased $1,000,000 from
the bid amounts. Administrative delays claimed by the contractor during
the first 14 mo will add $1,500000 to the Public Project. The site clearing
quantity, the only construction item completed during the first 14 mo,
was three times the bid quantity, increasing the cost for this item from
$50,000 1o $150,000. Twelve change orders were issued for the Public
Project in the first 14 mo of construction, increasing the Contract Price
by approximately $200,000.

All of the site clearing work, drainage facilitics and slurry walls con-
struction, and 60% of the geofabric, porewater drain system and cap
fill were completed during the first 7 mo of construction at the Private
Project. There have been no increases in the contract price due to delays,
quantity estimates or change orders. The project should be completed
substantially ahead of schedule and engineering oversight costs should
be at least $300,000 less than the originally estimated amount,

Construction phase results are shown in Figure 2 for the Public
Project. The shaded area illustrates the effect of having several con-
tract cost items adjusted by delays; the construction costs continue to
increase while the percentage of construction completed remains
unchanged. Figure 2 presents the same information for the Private
Project, iliustrating that the project is on schedule and should be com-
pleted for the bid price. Tables 4 and 5 compare the costs as they are
projected in the construction phase to the bid amounts for two projects.
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Construction Phase Results
CONCLUSION

The results of the Contracting and Construction phases demonstrate
the ability of Private Management to outperform Public Management
in Superfund remediation projects. The Private Project is on schedule
and there have been no increases in the contract price during construc-
tion. The Public Project has experienced extensive delays, the contract
price has, in the initial phase of construction, already increased by 15%
and the per-acre bid prices were four times greater than those for the
Private Project.

The design phase demonstrates a problem with the U.S. EPAS
approach 1o oversight of private projects. The Private Project’s con-
struction costs only account for 50% of the total project cost. Con-
struction costs, especially for projects of this size, should account for
at least 75% of the total project cost. The redundant management style
imposed on the Private Project by the U.S. EPA's oversight role and
standard procedures are the primary reason for the imbalance between



construction and non-construction costs. The U.S. EPA does not take
an active central role in publicly funded remedial actions and should
not in privately funded actions. They are not staffed to do it and it does
not improve the site remediation process.

The U.S. EPA should regulate privately funded remediation in the

Table 4
Public Project Construction Phase Results

Projected Total
After 14 Mo. of

. Bid Construction
construction Costs $4,590,000 $ 5,590,000
Non-Construction Costs
Bonds 117,000 117,000
Mobilization/Demobilization 730,000 730,000
Quality Assurance 210,000 210,000
Administrative Delay 27,000/day 1,500,000
Transportation/Disposal 10,500,000 10,500,000
TOTAL $16,147,000 $18,647,000

Estimated Construction Phase Engineering Costs

oversight 500,000 800,000
Sampling and Analysis [¢] 0
EPA Oversight Unknown 0
TOTAL $500,000 $ 800,000
GRAND TOTAL $16,647,000 $19,447,000

same manner they regulate industrial wastewater discharges. They should
issue clear standards and actively enforce those standards. If this were
done, the abilities of private management would be free to achieve the
U.S. EPA’s goal of remediating Superfund Sites in a fast, cost-effective

manner.
Table §
Private Project Construction Phase Results
After 7 Mo. of
___ Bid Construction
Construction Costs $5,140,000 $ 5,140,000
Non-Construction Costs
Bonds o [}
Mobilization/Demobilization 145,000 145,000
Quality Assurance 0 [¢]
Administrative Delay 0 4]
Transportation/Disposal 0 Q
TOTAL $5,285,000 $5,285,000
Estimated Construction Phase Engineering Costs
Oversight 800,000 600,000
Sampling and Analysis 200,000 100,000
EPA Oversight 1,800,000 500,000
TOTAL $2,800,000 $ 1,200,000
GRAND TOTAL $8,085,000 $ v,485,000
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Use of the New OWPE CERCLA Cleanup Cost Data Base System
For Calculating Settlement Premium Payments,
Evaluating Cleanup Costs and
Reviewing Remedial Technologies

Tom Gillis
U.S. EPA
Washington, DC.
Joe Knox
Mark Johnson, MBA, ARM
PRC Environmental Management, Inc.
McLean, VA

ABSTRACT

The U.S. EPA Office of Waste Programs Enforcement (OWPE) has
developed 2 data base to provide a basis for estimating response action
costs at CERCLA sites for settlement purposes. OWPE may use these
estimates in the CERCLA settlement process to add a “premium” to
response action cost estimates. The premium payment is an additional
amount included in the settlement to account for the possibility of cost
overruns or additional, unforeseen response actions. This data base is
important to OWPE, the U.S. EPA Region, and the states because it
represents the first empirically based source of data and methodology
to calculate premium payments.

The estimates the data base provides are unique because they are
derived from information on both the estimated cost that usually is
developed at the ROD stage and the actual remedial cost that has accrued
over time. The difference between the ROD estimate and the actual
costs for a given technology can serve as a basis for the premium
payment.

The data base currently contains more than 350 records. Each record
represents an NPL site for which a ROD has been signed. Records
contain general background information on the site, the type of remedy
being implemented, the type of contaminants at the site and the con-
taminated media, the cost estimate for the remedy as set forth in the
ROD and the actual costs that have accrued over time. The actual costs
were generated from CERCLIS reports that show the outlays and obli-
gations for each NPL site.

The data base has additional uses besides calculating premium
payments and cost estimates. It can be used to quickly gather figures
on the number of sites using a particular remedy or the number of sites
with a particular type of contamination.

THE CERCLA CLEANUP COST DATA BASE SYSTEM (CCCDS)

The CCCDS combines cost, location and technical information from
the U.S. EPA RODs and the Comprehensive Environmental Response,
Compensation and Liability Information System (CERCLIS) to assist
the U.S. EPA in the Superfund settlement process and other Super-
fund activities. To date, the U.S. EPA has enterced data from more than
350 RODs and corresponding CERCLIS data fields into CCCDS.

The data from the RODs include both general identification and
location information (such as the ROD identification number, site name,
ROD publication date, state and region) and more detailed technology,
contaminant and cost information. The data from CERCLIS provides
Jocation and identification information (such as operable unit number,
U.S. EPA identification number, address, remedial project manager
name and telephone number) as well as cost information on remedial
design and remedial action obligations and outlays for cach operable
unit.
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CCCDS combines the ROD and CERCLIS information to produce
35 different data elements (listed and described in Table 1) for each
record in the data base. Each record represents an individual Super-
fund site operable unit that has a signed ROD. CCCDS has been
designed to generate reports or provide various analyses.

After the ROD information was included in the CCCDS, the
remaining data fields were completed with CERCLIS information. The
CERCLIS information was generated by two ad-hoc CERCLIS reports
that showed the site location information and the obligation and outlay
data for each site that had a signed ROD.

As the data base currently exists, the CERCLIS cost information is
a one-time, “‘snapshot” view of the actual costs. The cost information
is updated quarterly in CERCLIS as it accrues for each site, but was
entered only once into CCCDS. Updates of CCCDS will link the
quarterly CERCLIS updates directly into CCCDS.

USING CCCDS TO CALCULATE SUPERFUND
SETTLEMENT PREMIUM PAYMENTS

A primary purpose of CCCDS is to provide an empirical basis for
calculating settlement premium payments using historical Superfund
site data. The U.S. EPA's Superfund settlement policy ' allows the
Agency under certain circumstances to offer responsible parties at Super-
fund sites a limited release from liability in exchange for reimburse-
ment of response costs that may include a *‘premium’ payment to cover
the nsk of cost overruns or the need for additional response actions.
Additionally, as the Superfund program evolves, the use of historical
data becomes more and more viable as an analytical aid.

Background

Section 107 of CERCLA, as amended by SARA, holds responsible
parties liable for cleaning up a hazardous waste site — whether as current
or past owners, or as operators, transporters or generators of hazardous
substances. Through CERCLA, the Congress demanded that those
responsible for the presence of hazardous substances at Superfund sites
either carry out the site cleanup themselves or pay for the response
actions the U.S. EPA conducts.

The liability standard for cleanup under CERCLA is *strict, joint
and several.” ? so that the U.S. EPA may recover the entire cost of
cleanup from any contributor without obligation to identify or seek out
all liable parties. In practice, however, the U.S. EPA has attempted to
negotiate with responsible parties, though there may be hundreds at
a site, in an effort to persuade them to allocate costs among themselves.
The agency increasingly has encouraged out-of-court settlements, that
do not compromise protection of public health and the environment,
to procure PRP cleanup of the site or recover cleanup funding. The
U.S. EPA prefers to have the PRPs conduct the remedial actions rather



Table 1
CCCDS Data Elements for Each Site Record
CCCDS DATA

ELEMENT DESCRIPTION

SITENAME Preferred name of the site

RODID Record of Decision identification ber (EPA assigned ber toa
particular ROD)

EPAID A unique identifier (either in Dun and Bradstreet or GSA format used to
indicate a hazardous waste site or an unanticipated removal (incident)
occurring at a location not previously identified as a site in the CERCLIS
inventory (e.g. oil spill)

OPUNITNUM A designation for the operable unit at which events are occurring.
Legitimate entries are 00" to '99"

REGION EPA Region in which the site is located

ADDRESS Street address, route number, or other specific identifier of the physical
location of the site or incident

CITY Name of the city, town, village or other municipality in which the site is
located or incident occurs. If the site is not located or if the incident did
not occur within such a jurisdiction, the nearest geographical place name

STATE Code that identifies the state or territory in which the site is located or
incident occurs

1P Code that identifies the U.S. Postal Service delivery area in which the site
is located or incident occurs

RCNAME Regional contact name

RCPHONE Regional phone b

RODDATE Date when the Record of Decision was signed

REMTECHTYPE Code(s) of the type(s) of r dial technology sel d by EPA and
described in the ROD

REMTECHSP Code(s) of remedial technology specifications (design/engineering
specifications

ESTDESCOST Estimated design cost (cost to complete the remedial design)

ESTCONCOST Estimated construction cost (cost to construct or implement the remedial
technology after a final design has been completed)

DESCONCOSTS Total costs of design and construction (only if total is provided in the
ROD)

ESTOMCOST Estimated operations and maintenance O&M cost (cost to operate and
maintain the medial technology after construction)

NUMOMYEAR Number of years of operations and maintenance

ESTPRWORTH Estimated total present worth of the remedial technology (sum of estimated
design, construction and O&M costs only as listed in the ROD)

RDCOMPDT The actual completion date of the remedial design

RDPRIOROBL The dollar amount that was obligated (set aside) for the remedial design
for the prior fiscal year

RDCURROBL The dollar amount that was obligated (set aside) for the remedial design
for the current fiscal year

RDOUTLAYS The dollar amount outlayed (paid) for the remedial design to date

RACOMPDT The actual completion date of the remedial action

RAPRIOROBL The dollar amount that was obligated (set aside) for the remedial action for
the prior fiscal year

RACURROBL The dollar amount that was obligated (set aside) for the remedial action for
the prior fiscal year

RAOUTLAYS The dollar amount outlayed (paid) for the remedial action to date

KEYCONTAMN Code(s) of the key contaminant(s) at the site

DRUMS Drums as a contaminated medium or source of contaminated medium at
the site

BKLIQUID Bulk liquid as a contaminated medium or source of contaminated medium
at the site

SOIL Soil as a contaminated medium at the site
GROUNDWATR Ground water as a contaminated medium at the site
SURWATER Surface water as a contaminated medium at the site
AIR Air as a contaminated medium at the site

than simply provide cleanup funds.

Congress in SARA Section 122(f) authorized the U.S. EPA to enter
into covenants not to sue, empowering the agency to provide limited
releases from liability to PRPs in settlements. The covenants not to sue
usually include “reopeners” that allow the U.S. EPA to revisit the s'e.ttle-
ment to recover additional costs incurred due to unknown conditions
or new information that arises after remedial actions begin — but that

may be waived when, for instance, the U.S. EPA has determined that
“extraordinary circumstances’” exist. The extraordinary circumstances
waiver may be applied based on the effectiveness and reliability, or per-
manence, of the remedy, the nature of remaining risks at the facility,
the demonstrated effectiveness of the technology, the involvement of
PRPs, litigative risks or “whether the Fund or other sources of funding
would be available for any additional remedial actions that might even-
tually be necessary at the facility.’® Under certain circumstances, the
U.S. EPA may thus waive the usual reopeners when PRPs have sub-
mitted a premium payment above baseline remedial costs.

METHODOLOGY FOR DEVELOPING CCCDS

The CCCDS data base was designed for easy use by the U.S. EPA
regional and headquarters staff involved in CERCLA settlements and
other activities. Because the CCCDS is menu-driven, little or no training
is necessary to begin using the data base. The CCCDS software has
been compiled for speedy operation using the royalty-free Foxbase run-
time PC software. Foxbase, however, is not required to run the soft-
ware. The U.S. EPA also is developing a users manual for routine
procedures such as data input, report generation, data querying, coding
form generation, data backup, data displaying and printer selection.

The U.S. EPA conducted a detailed review of each of the 350 RODs
in CCCDS and recorded data on coding sheets. The data on the coding
sheets were then entered into the system. Professional judgment was
sometimes required to match site-specific technologies with a master
list of control, removal and treatment technologies. Additionally,
extended review and professional judgment were required to identify
technical specifications associated with each technology.

The Premium Payment Concept

The premium payment concept is documented in the U.S. EPA policy
and guidance.* The premium payment levies a surcharge above
cleanup costs. Similar to an insurance premium, the payment offsets
the risk the U.S. EPA assumes in providing PRPs with a limited release
from liability with a payment that exceeds the cost contemplated to com-
plete remediation. That premium should be enough to compensate for
both potential cost overruns and unexpected additional costs, ° yet may
provide an incentive to settlement by supplying a release from future
liability. When using a premium payment, releases from liability are
of two general types: (1) a release from responsibility for cost overruns
in implementing the remedy contemplated in the settlement agreement,
or (2) a release from additional site remediation if the selected remedy
is not protective of human health and the environment. Either type com-
monly carries reopeners that allow the U.S. EPA to recover additional
costs from PRPs if conditions arise that were unknown when U.S. EPA
determined that remediation was complete.

The U.S. EPA guidance states that the premium should be set at a
level that shields the government from having to bear potential cost
overruns and that provides funds “to protect public health and the en-
vironment in the event that additional response work will be needed
at the site.”” The premium should be adequate to protect against future
liability that may arise due to remedy failure or mistaken assumptions
about the effectiveness of the remedy. In addition, new information dis-
covered about a site, perhaps during the U.S. EPA's 5-yr review required
under CERCLA section 121(c), may demand further remedial work.
In such cases, the guidance says, both the likelihood and the cost of
future remediation should be considered, and the premium should be
allocated in terms of each PRP’s percentage of the total estimated
remediation cost.

Still, the method of calculating the premium remains unresolved. The
current U.S. EPA OECM guidance provides only general guidelines.
A recent publication has suggested a framework of procedures that can
be used to derive a premium payment on a case-by-case basis.5 The
methodology relies on premium ratio multipliers that were derived from
statistical distribution functions that represent the consequence of the
risk the U.S. EPA retains balanced against the probability that the
premium will be sufficient to cover any additional costs. CCCDS
provides an empirical foundation for the premium payment previously
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discussed. The system provides, for the first time, an historical picture
of cost overruns and unexpected additional expenses in the Superfund
remedial program.

Calculating Premium Payments Using CCCDS
Historical Data From Other Superfund Sites

Ideally, two types of cost information are necded to calculate a
premium payment: (1) the estimated cost of cleanup at the time of settle-
ment, and (2) the actual cost of cleanup at the completion of cleanup.
The difference between these two costs represents the premium pay-
ment that should be assessed during a cash-out settlement.

At the time of a cash-out settlement, however, both parties (the U.S.
EPA and the PRPs) have only the estimated cost for each site specific
remedial technology that will be used in the cleanup. Because of the
nature of premium payment (included as part of an up-front, cash-out
settlement), actual costs are not available. Although actual costs are
not available for the specific site being settled, they may be available
for other sites that have implemented the same or similar technologies.

If, therefore, historical data are reviewed for other sites that have im-
piemented the same or similar technologies, then a premium payment
may be based on the statistical mean (or other measure of central
tendency) of the difference between the estimated costs and the actual
costs for each site. An alternative approach would be to calculate the
statistical mean of the difference between the site-specific estimated
cost and the actual costs at each of the other sites.

Sources of Estimated Costs

Estimated costs of cleanup are refined throughout the RI/FS process.
Generally the closest estimate at the time of settiement are the figures
that appear in the Superfund ROD. These estimates generally are based
on the results of the feasibility study and are calculated using a U.S.
EPA costing model. This model is a software-based system that incor-
porates the recommended remedial technology specifications and site
considerations into a site-specific cost estimate.

The ROD usually includes cost estimates, technology specifications
and other site characteristic data. Through a review of sites with similar
technology specifications and site characteristics, the estimated costs
from RODs at other sites can be used to help calculate a premium pay-
ment for settlement purposes.

Sources of Actual Costs

Actual costs are available only when the cleanup has been completely
designed and constructed and all operations and maintenance completed.
While this figure rarely is available, since most Superfund sites have
not reached this phase, different types of actual costs may be obtained.
One type of actual cost is the cost of implementing the remedial tech-
nology as indicated by the final remedial design. For premium pay-
ment purposes, the actual cost would be the sum of: (1) the cost of the
remedial design, and (2) the projected cost of implementing the final
design.

Another type of actual cost is the cost at the completion of the remedial
action (construction), but before long-term operation and maintenance
begins. For premium payment purposes, this would be: (1) the cost of
the remedial design, and construction, and (2) the projected cost of
the operating and maintaining the technology until the site is properly
cleaned.

These actual costs are shown in CERCLIS as either obligations or
outlays. Obligations are dollar set-asides that the Agency has committed
to spend. For example, an obligation for remedial action is based on
its projected cost as documented in the final remedial design. CERCLIS
shows both current year and prior year obligations. Outlays are dollar
amounts that the Agency has already spent. For example, an outlay for
remedial design or remedial action represents an invoiced amount that
the Agency has paid.

CCCDS Capacity To Calculate
CERCLA Premium Payments

CCCDS is designed to help the U.S. EPA calculate premium pay-
ments using many different combinations of data. As discussed abave,
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Table 2
List of Technologies Coded and Entered into CCCDS

ENGINEERING CONTROL
TECHNOLOGIES

TREATMENT TECHNOLOGIES
Direci Wasis Trestmeni
Biological Methods

* modified cooventions! wastewaier

Technologles

Alir I.missions Control

« pipe venty Ureatment

« treach venus * anserobic, aerated, snd

< gas barriers (aculistive lagoons

*» gas collection * supported growth biological
» overpacking

Chemical Methods
Surface Waier Coontrol

» surface sesls (caps) * precipitstion, Nocculation,
* surface water diversion sedimentanon
and collection systems seutralization
* dikes and berms equslizstion
+ ditches, diveriions, waterways + chemscal oxidation
« chutes snd downpipes + dechloriastion

fevees
+ seepage benins and ditches
« terraces and benches .
« gradings * uir sripping
* revegetation .
* surface walar pumping - oo

Groundwater Cantrol

é
E

* impermesble barrier + inciserstion
slurry walls * activated sludge
groul curtains
sheet pilings Treatmest of Soils snd Sedlmrats

« permesble Lreatment beds Iacinerstion
« groundwater pumping wells, gations Wet Ar Ozidation

water table sdjustment Solidification

plume containmenr”

« sobudification w/separstion
Escapsulation
In it Treatment

* leachate coatrol

subsurface drains
- drainage ditches

- loen
« solution mining, (s0il washing or
Nushs
; sevtralination/detorification
Asphalt Dryer Relocation of Residents

On-3ite RCRA Landfill
Temporary On-site Storage

Buildiag Removal
Taak Removal

On-site Dispasal Balk Liquid Removal
Acration
Debris Removal
OFF-SITE TRANSPORT, STORAGE, Soil Replacement
TREATMENT OR DISPOSAL
Off -site Transportation 1o RCRA Landfill SAMPLING /MONTTORING
TECHNOLOGIES

Off-site Transportation 0 RCRA Incinersior
Install Monitoring Wells

Sampling and Analysis (of welly, soil,
leachate, surface water, air etc.}

Off-site Tranaportation 10 other Treatment

REMOYAL TECHNOLOGIES

Excavation SITE PREPARATION TECRANOLOGIES
Hydraulic Dredging Access Road
Mechanical Dredging Grading

Provizion of Alternative Water Supplies Revegeotation
* individual treatment units

Clearing and Grodbding
+ water distridution systems

* new weils in & new location or Fencing
desper wells
* clsterny Decontamination

* upgraded treatment lor existing

distribution systems * Building Decontamination

Drum Removal

these premium payment calculations are based on the actual costs
associated with sites that already have implemented similar technologies.

CCCDS is best suited to calculate the cost overrun component of
the premium payment. The cost overruns can be calculated using either
obligations or outlays. Because outlays more realistically represent actual
costs, the calculations using outlays are also more realistic.

To calculate overruns using outlays, CCCDS would first be queried
to list all sites where: (1) the total of remedial design and remedial action
outlays is greater than the ROD’s estimated costs (total estimated cost



of design and construction), and (2) the ROD’s estimated costs are
greater than zero. For each of these sites, CCCDS can calculate the
absolute value of the overrun (difference between total outlays and the
estimated cost) as well as the percentage of overrun. CCCDS can then
calculate a mean, median, variance, standard deviation or standard error,
among other measures, for the resulting sample of cost overruns.

CCCDS can perform a similar calculation using only the obligation
fields for remedial design/remedial action (RD/RA). Use of the obli-
gation fields would provide a greater sample size because many more
sites have funds obligated for RD/RA but have not yet had actual out-
lays. The obligations, however, would not provide premium payment
calculations that are as accurate as the outlays, for two reasons. First,
funds may be obligated for RD/RA and then deobligated. Second, the
obligation may be greater or less than the subsequent outlay. The cal-
culation of the premium payment would in any case proceed the same
as in the calculation for the outlays. CCCDS would first be queried
to list all sites where: (1) the total remedial design and remedial action
obligations are greater than the ROD estimated costs, and (2) the ROD
estimated costs are greater than zero. CCCDS would then calculate
statistical summaries of the cost overrun.

CCCDS also can calculate the cost overruns using a combination
of outlays and obligations. For example, it can list cost overruns for
all sites where the RD outlays plus the RA obligations were greater
than the ROD estimates. CCCDS also can display the results in dif-
ferent subgroups. Determining the cost overruns by different tech-
nologies probably would be the most useful for premium payment
calculations, but the system can further show cost overruns by the U.S.
EPA region, type of contaminant or contaminated medium, ROD date
and other aggregations.

CCCDS also is capable of providing historical data on the need for
additional, unplanned response actions, although this calculation is more
involved and less empirically based. Determining the need for addi-
tional, unplanned response actions would first involve a search of
CCCDS to determine which sites contain more than one operable unit.
A further review would be needed to determine if the additional operable
unit was described in the original site plan. If it was not, then the total
outlays for that operable unit would represent an additional component

of a premium payment. These calculations could be grouped easily by
technology, region or other components.

OTHER USES OF CCCDS

CCCDS can be used for purposes other than calculating settlement
premium payments. Because the system contains detailed information
on remedial technology types, remedial technology specifications and
contaminants and contaminated media, the system can be used to help
plan site-specific response actions at other sites. For example, this might
include reviewing other sites that already bave implemented a particu-
lar technology, addressed certain contaminant types or any combina-
tion thereof. Table 2 shows a list of the technologies that have been
coded into the system.

CONCLUSION

CCCDS can help provide an empirical basis for calculating settle-
ment premiums at Superfund sites. The system can provide estimated
costs from Superfund RODs and actual costs from CERCLIS for each
site that has a signed ROD. CCCDS can perform various calculations
with the ROD and CERCLIS data to develop premium payments based
on: (1) cost overruns and (2) the need for additional response. CCCDS
also can be used to review technology types, specifications and site-
specific data for remedial planning.
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ABSTRACT

Under Section 122(g)(1) of SARA, the U.S. EPA is provided the
explicit authority to enter into so-called ‘‘de minimis™ settlement. in-
volving only a minor portion of the response costs, with certain classes
of responsible parties. De minimis parties would include, for example,
a landowner who did not contribute to a hazardous waste release and
did not conduct, have knowledge of or permit hazardous waste activities
at the site. During the past few months, a significant de minimis settle-
ment was reached involving a Superfund site in the midwest. The settle-
ment was reached based on a unique quantitative approach utilized
during the negotiation phase of site remediation. All site records were
organized. screened and analyzed for information regarding waste ship-
ments o the site. Quantitative information was entered into a
computerized data base. The data base was then manipulated to identify
hundreds of de minimis parties. These parties were approached by the
U.S. EPA for their portion of the cleanup. During negotiations, the data
base was modified using suggestions from the U.S. EPA staff to “fine
tune” the levels of responsibility for each de minimis party. The end-
result was one of the largest de minimis settlement to date - over 11
million dollars for site remediation.

INTRODUCTION

Section 122(g)(1) of SARA provides the U.S. EPA with explicit
authority to enter into so-called de minimis settlements with certain
classes of PRPs whose involvement at the site mandates responsibility
for only a minor portion of response costs. Although individually these
de minimis settlements usually include small sums of money, a de
minimis settlement with several hundred PRPs can yield quite a sub-
stantial amount. The case study described below is just such an
example— A “de minimis” settlement for over 1l million dotlurs.

SITE DESCRIPTION AND HISTORY

Located on less than 100 ac in the Midwest, the landfill site (*'the site™)
accepted industrial wastes for nearly 10 yr prior to the 1980 implemen-
tation of hazardous waste disposal regulations mandated by the pussage
of RCRA. Close to 20,000000 gal of wastes were indiscriminately
disposed of at the site, including hundreds of toxic chemical compounds.
Hazardous substances and wastes were dumped into unlined ponds and
barrels were deposited in an unlined pit and subsequently buried. Wastes
from the ponds and drums polluted hundreds of thousands of cubic yards
of soils, producing toxic sludges and contaminating local groundwater.

The U.S. EPA closed the site in the late 1970s after years of chronic
violations of its state permit and of industrial disposal laws. A high
hazardous ranking system (HRS) package score resulted in the site's
placement on the NPL in 1983. Cleanup of the site will involve resto-
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ration of groundwater quality and require some form of removal and
destruction of contaminated soils and sludges. Site investigation and
remediation costs will probably stretch well into the nine figure range.

To date, several hundred PRPs have been identified. These PRPs
include generators and transporters of hazardous substances and wastes
disposed of at the site. Approximately one-third of these parties formed
a steering committee to participale in investigation and cleanup activities
at the site.

In the mid-1980s. the United States filed suit under CERCLA against
more than 30 responsible partes at the site, many of whom were steering
committee members, for implementation of the U.S. EPA's selected
remedy and for payment of response costs. Later, the steering commit-
tee filed a third-party action against more than one hundred other PRPs
not named in the U.S. EPA’s earlier suit. The action sought to show
that these third-party defendants were also liable in connection with
activities at the site and asked the court to order these parties to pay
their share of cleanup costs.

Many of the defendants identified in the third-party actions were “de
minimis™ parties, as determined by the U.S. EPA pursuant to Section
122 of SARA. This section of SARA provides for settlement with par-
ties whose waste contributions have been minimal in comparison with
the total volume of hazardous substances at a site. The U.S. EPA
negotiated with a group of the “de minimis™ parties and the parties
agreed upon a consent decree for “'de minimis™ settlernent and release
from liability in connection with the site.

The proposed Consent Decree: provides for final settlement of alleged
liabilities for site cleanup and response costs; raises revenues to be
applied to cleanup activities; and will greatly reduce the expense and
complexity of pending litigation with defendants and non-settlors.
Effectively, “*de minimis” parties will be released from future liability
with regard to the site as long as no new information on their waste
contribution to the site is uncovered. By entering into the settlement
and resolving the liability issue, a “de minimis™ party also will be
protected from the third-party action filed by the defendants.

Eligibility for participation in the settlement was based on a party’s
waste contribution to the site. Volumetric waste allocations were
determined using a transactional data base developed by the authors
under a litigation support contract to the U.S. EPA. An alphabetic listing
of participating parties and their respective volumes and cash payments
was developed from the data base and appears as an attachment to the
proposed Consent Decree. Cash payments were calculated by
multiplying a party's percentage of total waste volume at the site by
the U.S. EPA’s estimate of total past and future response costs plus
premiums. To date, the settiement includes over 170 “de minimis” parties
and is valued well in excess of 11 million dollars.



LITIGATION SUPPORT PROCESS

The authors were first hired to provide litigation support and evidence
audit services on the case in the mid-1980s. These services included
sample chain-of-custody audits, case file inventories, the development
of a transactional data base, and the ongoing compilation of a record
documenting the findings made by the U.S. EPA in entering into the
“de minimis” settlement. Through this 5-yr process, the authors became
thoroughly familiar with the elements of the case and the case documen-
tation. This familiarity enhanced the authors’ ability to develop a trans-
actional data base made up of more accurate volumetric waste
transactions.

Volumetric waste allocations forming the basis for cash payments for
parties entering the proposed “de minimis” settlement were then derived
from the transactional data base. It summarizes site waste transactions
for more than 350 parties over a 10-yr period.

Documentation for developing the data base was acquired by the U.S.
EPA at first by using its authority under RCRA Section 3007 and
CERCLA Section 104(e)to request information. Additional evidence
was gathered during the discovery phase of litigation and during settle-
ment negotiations with parties interested in participating in a “de mini-
mis” settlement.

Logs obtained from the owner recorded transactions at the site on
a monthly basis throughout its business life. Daily records, which
covered the last few years of operation, also were acquired. These logs
provided specific information on transactions by date, transporter and/or
generator and listed volumes and waste types.

Reports were obtained from state agencies detailing monthly trans-
actions by transporters. These reports specified the source of wastes,
the volumne and waste type hauled and the destination for disposal. While
transporters from out-of-state who used the site were not required to
file monthly reports with state agencies, most kept in-house records
providing similar information.

A state-mandated manifesting system was in effect during the period
that the site accepted wastes. These manifests provided potential evidence
supporting alleged site transactions. Manifests typically were initiated
by the generator at his facility, executed by the transporter when a load
was accepted and signed by the site operator upon receipt of the load.
A completed and executed manifest provided agreement between these
parties on the date of a transaction, the source of wastes and the volume
and waste type disposed of at the site.

Shipping tickets and receipts provided additional information on site
transactions. Manifests and logs often cited receipts and tickets, provid-
ing additional evidence that a transaction had actually occurred. A trans-
action poorly supported by other documentation was often confirmed
by a receipt or ticket bearing the site owner’s signature.

Many of the documents mentioned were provided with parties’
responses to the U.S. EPA’s requests for information. Some parties
provided additional evidence on transactions in the form of narratives
or tables constructed from in-house records. These responses also
provided historical information on corporate affiliations and relation-
ships. Other information was obtained from depositions conducted pur-
suant to preparation for litigation.

Documents from the above sources were sorted, numbered and then
organized in transaction packets. Each packet contained documenta-
tion supporting a specific disposal event at the site. Packets were then
filed in chronological order in a folder assigned to individual PRPs.

All important information regarding a specific transaction was
extracted from the individual packets. Ideally, extractable data included
the generator, transaction date, waste type, volume, unit type, trans-
porter, document type and document number.

A written record was created for each PRP that contained its name,
an assigned code, addresses, the name and address of its contaqt and
the names of any other companies with which the PRP was associated.
Lists also were created for all the unique waste types and unit types
that were found in the transaction documents. Each unique waste or
unit was assigned a code number. This information was thus prepared
for entry into computerized data bases. ' '

The computer system used to store extracted information was a

Table 1
Transactional Data Extraction Sheet
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PRIME 2755 minicomputer operating under the PRIMOS operating
system. A resident software package known as the HENCO INFO data
base management system was used for this case. This hardware and
software combination was chosen because of its unique suitability for
handling the amount of information that was to be stored and retrieved.

Four main data file structures were developed to accommodate the
four major sources of information that the U.S. EPA provided. The first
three structures respectively held data from transporter reports filed
with state agencies, the site’s monthly log and transporter in-house
records. The fourth data file contained data from the site’s daily log,
as well as supporting evidence from waste manifests, CERCLA Section
104(e) responses, shipping tickets and receipts.

A series of data files called “match files™ also was created to store
recurring data from the written PRP records and from the respective
waste and unit type lists. Screen drivers were developed to facilitate
on-line input and edit all data types. Once data entry was completed,
reports of entered data were generated using quality control programs
written specifically for that purpose. These reports were compared with
original documents to ensure the accuracy of data entry. Changes neces-
sary to correct extraction and entry errors were made to the data, and
a second quality control report was generated. This report was used
to verify that the paper changes were reflected in the data base.

Programs were developed for the production of summaries listing
particular information in the various data files. For instance, one
program converted all unit types into gallons, from which summaries
were generated that could rank generators or transporters by the amount
of waste contributed to the site and identify waste types associated with
each volume. These summaries, an example of which is shown in
Table 2, assisted the U.S. EPA attorneys in identifying the relative status
of PRPs.

Table 2
Generator Ranking
RANK GENERATOR WASTE TYPE GALLONS OF TOTAL
72  COMPANY A ASBESTOS 3150.00 0.061
ASBESTOS INSULATION  3600.00 0.070
6750.00 0.131
73 COMPANY B CYANIDES 990.00 0.019
ETCHING-SOLUTION 3250.00 0.063
NITRIC ACID 1430.00 0.028
oIL 935.00 0.018
PAINT SLUDGE & WATER _110.00 0.002
6715.00 0.130
74  COMPANY ¢ ALCOHOL 200.00 0.004
CHLOROTHENE 825.00 0.016
ISOCYANATES 440.00 0.009
oIL 1485.00 0.029
PAINT SLUDGE 1485.00 0.029
PHENOLIC SAND RESIN  1650.00 0.032
6085.00 0.119
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Ultimately the four main data files were combined into a compre-
hensive data file which contained all the information extracted from
the site documentation. Software was developed to produce a transac-
tional summary printout of this data file. The transactional summary
report was organized alphabetically by facility/party. Transactional
information specific to a facility/panty was listed chronologically by
month (Table 3). Monthly volumes were presented from up to four of
the data files containing the four categories of transactiona! data men-
tioned earlier. Of the volumes present for a specific month, the largest
quantity was reported in the last column. Totals for each data category
and the “largest quantities’ column appeared at the bottom of each
party/facility report.

Table 3
Transactional Summary Report
Note: All amounts given in galions

GENERATOR: CONPANY D
ADDRESS: 12) HELP STREET

STATE MONTHLY TRANS . DAILY LARGEST WASTE

BERQRT G oG e, QUANTITY
DEC 1975  400.00 400.00 33
SEP 1976  160.00 300.00 300.00 360.00 11,12
NOV 1977  1300.00 300.00 280.00 300.00 300.00 33,87
NOV 1978  100.00 200.00 300.00 300.00 77
NOV 1979 300.00 300.00 300.00 33,77
TOTALS 1360.00  1100.00 260.00 1200.00 1660.00

Using this transactional summary report, the U.S. EPA and was able
to identify parties it considered *‘de minimis.” This process facilitated
the formation of a coalition of “‘de minimis’ parties interested in
settlement negotiations with the U.S. EPA.

PROBLEMS

Early drafts of the transactional summary report were somewhat
inaccurate for a variety of reasons. “‘De minimis™ parties were quick
to point out perceived discrepancies in their individual volumes. The
U.S. EPA attomeys were soon cognizant of the need for adjustments
to some reported volumes.

Volume discrepancies were attributable to a variety of factors.
Opinions on the proper conversion factors to be used in the data base
to convert some unit types to gallons were diverse. For example, the
U.S. EPA assumed that the amount of waste in a drum was 55 gal unless
irrefutable evidence to the contrary could be presented. PRPs often
claimed that the drums that they disposed of at the site were smaller
or contained a lesser amount of waste.

A recurring problem arose in reconciling different types of documen-
tation pertaining to a specific transaction. Discrepancies in reported
information between documents ofien led to the entry of a transaction
into the data base twice (i.e., double counting a single transaction).
For example, a daily site log might record receipt of a shipment a month
later than the pick-up date recorded by the transporter in his report
to a state agency. Similarly, two pieces of documentation on one trans-
action might report two seemingly different waste types, e.g., spent
hydrochloric acid in the generators 104(e) response and tank bottoms
on the site log, or incompatible units, e.g. cubic yards on an invoice,
pounds on a receipt. Once again, the potential for double counting
existed.

Another type of problem arose from the gencral task of party/facility
identification. The PRP files were originally compiled at the direction
of U.S. EPA attorneys and contained aliases, name changes and affilia-
tion information for parties identifying subsidiaries, parents, etc. During
the course of litigation and negotiations, some of these relationships
changed either because of acquisitions, mergers or other reasons. The
result was that some parties had transactions listed under multiple names
or had the same transaction attributed to two different entities not known
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10 be the same or related. In both situations, there was potential for
reporting the correct amount of waste for the PRP.

Finally, some transactions were simply not well documented. Only
by developing transactional packets and comparing supporting documen-
tation could they be substantiated. Certain generic assumptions had 1o
be made.

SOLUTIONS

Discrepancies were resolved by a variety of means. As negotiations
began to produce potentially realizable settlement terms, the authors
re-audited transactional packets and eliminated the cited sources of errors
in quantities. A hierarchy was established for ranking the quality of
dampresemedbythcnmlydocummtypa.andstmmrdsforcvalwmg
the quality of documentation as evidence of a transaction at the site
were re-examined. Additional information obtained from depositions
and new or supplementary responses to information request letters clari-
fied many of the quantity, conversion factor and party/facility identity
problems. Negotiations and communications with some *‘de minimis”
parties on their volumes also resulted in the submission of additional
or clarifying information. Volumes were literally negotiated in a few
cases where irrefutable evidence of a transaction existed but the volume
or some other factor was unclear.

Changes were made 1o the data files, reflecting the resolution of dis-
crepancies, and reports similar 10 Table 4 were generated for use in
the “de minimis” settlement process. One of these reports ultimately
became part of the volumetric allocation attached to the proposed
Consent Decree.

Table 4

Transactional Summary Report
Note: All amounts given in gallons

GENERATOR: COMPANY E
ADDRESS: 123 YOUR LANE

STATE MONTHLY TRANSP.  DAILY REVISED WASTE

REPORT oG oG 109G QUANTITY CODES
SEP 1979 3600.00 3600.00 81
NOV 1979 4200.00 1600.00 81
DEC 1979 4000.00 3600.00 B84
FEB 1980  3200.00 3200.00 1600.00 81
APR 1980 4200.00 4200.00 4200.00 4200.00 65
JUN 1980 4200.00 3600.00  3600.00 81
TOTALS 3200.00 8400.00 4200.00 22800.00 22200.00

TOTAL: 22200.00

RESULTS—PROPOSED CONSENT DECREE
FOR *‘DE MINIMIS' SETTLEMENT

The re-audit of the transactional files and the data base was com-
pleted last fall. The process was documented in a series of audit reports
submitted to the U.S. EPA, reporting on discrepancies identified and
their resolution at the direction of the U.S. EPA attorneys. Subsequent
to the generation of a list of “*de minimis”™ parties, the negotiated Con-
sent Decree was distributed to parties for consideration. By early spring
of this year, over 150 parties, representing nearly half of those eligible,
had submitted executed Consent Decrees.

The U.S. EPA’s decision making process in entering into the settle-
ment has been carefully documented in a **De Minimis™ Settlement
Record. At this writing, the proposed Consent Decree still has not been
formally entered by the court. Discrepancies with all participating parties
have been resolved, and comments received during a public comment
period were addressed with the assistance of the authors.



CONCLUSIONS AND RECOMMENDATIONS

The de minimis settlement process described was a definite success
story, but the authors learned several lessons during the project. These
lessons are summarized in the recommendations listed below:

o Start the process early - identify as many de minimis settlers as
possible so the response costs can be spread and thus reduced for
any given party.

¢ Identify and collect all relevant waste transaction documentation—
new waste information will change totals.

¢ Organize—a complete document organization and control system will
facilitate location and retrieval of important waste contribution data.

» Automate—modifying waste contributions is much easier using the

computer.
¢ Communicate—all parties on both sides of negotiations must be aware
of all waste transaction assumptions used in building the data base.
® Check for accuracy—constant quality assurance will increase the level
of comfort for all involved in the process.

DISCLAIMER

This paper was prepared with the knowledge of the U.S. EPAs
National Enforcement Investigations Center (NEIC) and has been
reviewed by representatives of this agency office. Statements and
opinions expressed are those of the authors. No official support or
endorsement by the U.S. EPA or any other agency of the federal govern-
ment is intended nor should be inferred.

COST & ECONOMICS 193



CERCLA Natural Resource Damage Release Request
Delaware’s Approach
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ABSTRACT
It is important that both Federal and State natural resource trustees

become involved early in the remedial p%cgs_g_smr_mmd.sjgs_. By
_d/i&_. their concerns rding the identification of an |

SO
resource d_&ﬁ% E heard and incorporated into Ec RI/FS and
the a 1S cing the remediation at a site, trustee

involvement 1% essential as the PRP may request a release from future
liability for natural resource damages after the ROD is signed. The Dela-
ware Department of Natural Resources and Environmental Control has
found the end result of this process to be successful compensation for

resource es. This was demonstrated in negotiations for
ha\remedial action by a PRP at the Wildcat Landfill Superfund Site.

INTRODUCTION

A great deal of emphasis traditionally has been placed on the threat
Superfund sites pose to public health. Though this is of primary
importance, CERCLA as amended by SARA of 1986, also requires the
assessment of any adverse impacts to the environment. In recent years,
this need 10 address the environment has begun to be recognized. As
a result, there has been a rising emphasis on performing environmen-
tal assessments as part of Superfund investigations. This assessment
process has resulted in a heightened awareness of natural resource trustee
concerns at Superfund sites. It has forced us to recognize the need to
address natural resource damage issues early in the remedial process,
with coordination between Federal and State natural resource trustees
and PRPs.

The assessment of natural resource damages resulting from a release
of oil or hazardous substances has been ignored, particularly in the
Superfund program. Although the requirement has always becn
mandated under CERCLA, Section 107 and by the Clean Water Act
(CWA), Section 311, the issue was forced into the limelight by promul-
gation of regulations by the Department of the Interior (DOI) in 1986
and 1987' on how such assessments might be conducted. Unfor-
tunately, the DOI regulations have been contested by regulatory agencies
and environmental groups alike, due to a lack of agreement on the
proposed economic valuing of damages’. Incorporation of the natural
resource damage assessment requirement into the already existing Super-
fund program further complicates the issue.

In the event natural resource damages are identified at a site,
CERCLA, as amended by SARA, allows PRPs (0 request a release from
future liability for any additional natural resource damages upon agree-
ment on a remedial action. Such a release request was received by the
State of Delaware from a group of PRPs for the Wildcat Landfill Site.
This prompted us to address the natural resource damage assessment
and release requirements. This evaluation also resulted in the develop-
ment of a mechanism to address future release requests.
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REGULATORY FRAMEWORK

CERCLA, as amended by SARA, Section 107 and CWA, Section 311
required the Governor of each State (0 appoint a natural resource trusiee
for State natural resources. The Governor of Delaware appointed the
State’s Secretary of the Department of Natural Resources and Environ-
mental Control (DNREC) as the State’s trustee in February, 1987,

CERCLA, Section 101 (16) defines natural resources as * . .land,
fish, wildlife, biota, air, water, groundwater, drinking water supplies. . ”
The State natural resource trustee, similar to its Federal counterparts,
is responsible for carrying out the assessment of damages to, or poten-
tial for damages to, natural resources resulting from a release of
hazardous substances or oil. Furthermore, the trustee is responsible
for ensuring that any natural resources damages are rehabilitated,
restored, replaced or that equivalent resources are acquired’.

For Superfund sites, it is important that both the Federal and State
natural resource trustees become involved early in the remedial process.
By doing so, their concerns regarding the identification and appropriate
remediation of any damages to natural resources can be heard and
incorporated into the RI/FS and ROD. (Fig. 1). Such early involve-
ment will hopefully preclude any unnecessary delays at the end of the
process.

When a PRP is financing remediation at a site, trustee involvement
is essential as the PRP may request a release from future liability for
natural resource damages after the ROD is signed. In accordance with
CERCLA, Section 122(j)(2), a covenant not to su¢ may be granted by
natural resource trustees *. . .if the potentially responsible party agrees
10 undertake actions to protect or restore the natural resources damaged
by such a release or threatened release of hazardous substances.”

Though a natural resource trustee