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INTRODUCTION

The investigation and cleanup of releases of hazardous wastes and hazardous
substances at federal facilities have become increasingly important activities over the last
several years. The panoply of conflicting statutory and regulatory requirements, agency
direction, public pressure, and program goals complicate the challenge. Interagency discord,
public antagonism, program conflict, constantly changing priorities and demands, duplication
of effort, and confusion on program requirements, can result. In addition, the pressure to
"just do something" can force remedial action before adequate study is completed and
strategies developed. Much of this confusion, waste, redundancy, and vulnerability can be
mitigated by examining all the ramifications of alternative courses of action, developing a
strategy to minimize program duplication, integrating all applicable requirements into one
internally consistent and coherent strategy, and aggressively pursuing regulatory agency and
public approval and coordination.

SCOPE OF THIS PAPER

Though the need to integrate is imperative in many areas of environmental
compliance and cleanup, this paper is limited to considering remediation of federal facilities
under the Comprehensive Environmental Response, Compensation and Liability Act
(CERCLA) and the U.S. Department of Energy (DOE) Environmental Restoration
Program (ERP). Under CERCLA, a remedial action is defined as a response action that
can be performed in a manner consistent with the cleanup standards of Section 121 of the
Superfund Amendments and Reauthorization Act (SARA). These actions are frequently
referred to as "planned" and typically follow the remedial investigation/feasibility
study/remedial design/remedial action (RI/FS/RD/RA) process. This paper will not
consider removal response action or emergency response. However, the propositions
offered in this paper are applicable to remedial actions, whether or not the facility is listed
on the National Priorities List (NPL). The propositions also apply to corrective action
taken under the Resource Conservation and Recovery Act (RCRA), as amended by the
Hazardous and Solid Waste Amendments (HSWA). A general discussion of an integration
strategy is followed by specific implementation suggestions.



WHY INTEGRATE?

The obvious reason for integration is to maximize efficiency and stay in compliance.
The desire to act, whether driven by internal or external pressures, can be so great that
resources are used unwisely. Planning and anticipating the consequences of present actions
are particularly important in remedial action. Questions include: How many and what type
of public meetings will different agencies and regulations require? What reports must be
submitted, when, and to whom? Who must approve the various workplans, proposals, and
draft reports? What permits are needed? What impact does the proposed action have on
other actions planned or anticipated? How can competing demands for limited resources
best be met? What priorities should be established among spending needs, facilities, and
activities, and among subdivisions of a dispersed bureaucracy?

Proactive management is the key to efficient use of limited resources. It requires
planning, which if elf may be resource intensive. However, sufficient planning can save
significant resources later; at least one industry trade group estimates that budgets for
planning and public/agency interaction efforts should be at least equal to 50 percent of the
total project cost,

GOALS OF AN INTEGRATED REMEDIAL ACTION PLAN

An integrated remedial action plan (RAP) should:

comply with all applicable federal and state laws, regulations, and policies
satisfy the SARA Section 121 standards and other CERCLA and RCRA
investigation, alternatives study, and cleanup standards and criteria
address the worst problems first

• effectively involve the public (through a well designed community relations
plan (CRP)) without unnecessary repeated notices and hearings
make the RAP more cost effective
make the RAP easier to manage
minimize duplication of effort, conflict, and the necessity of repeatedly
revisiting issues without resolution

MEANS TO ACHIEVE AN INTEGRATED RAP

Developing an integrated RAP is a five-step process:

1. Scoping the RAP

The product of RAP scoping should be an unambiguous definition of the "big
picture." A successful integration strategy must include accurately and completely
identifying applicable laws, regulations, applicable or relevant and appropriate requirements
(ARARs) and advisories, criteria, or guidance to be considered (TBCs); identifying agencies
and divisions within agencies that have jurisdiction over the remedial activities planned in
the RAP; identifying permit, closure, enforcement, and other compliance requirements
that may be applied to the RAP (including likely future compliance actions); identifying



likely decision points; identifying required public participation activities; and setting
priorities for RAP activities based on human health and environmental concerns,
compliance status, DOE policy, political pressures, and other relevant criteria.

2. Preparing Alternative Integration Strategies

There will be any number of possible integration strategies that could be
implemented. The objective is to identify the one that best satisfies the goals set previously.
To develop integrated RAP strategy alternatives, four steps should be followed:

• Carefully examine the requirements of applicable statutes, regulations, and policies
and identify all constraints on possible action. This effectively eliminates several
integration plans from further consideration.

• Develop various schemes for integration within the constraints identified above. This
clarifies the various strategies.

Evaluate alternatives and select the few that best satisfy the integrated RAP goals.
Internally review these final candidates for a balance among competing priorities and
pressures, always keeping in mind the overall purpose of the RAP. It is easy to lose
sight of the big picture when closely examining program details and thus place too
much emphasis on only one or a few aspects of the RAP.

• Fine tune the strategy by developing decision schedules, critical paths, and other
devices that clearly portray the integrated RAP implementation strategy.

It is important to ensure that the strategy is flexible enough to accommodate
uncertainty, for example, unanticipated RAP findings or direction by reviewing agencies.
Flexibility does not mean vagueness and generality; it means that the strategy should not
be designed so tightly that the entire RAP could be held hostage. Early opportunity for
review can eliminate many of these problems; hence the importance of developing a
strategy in the first place!

3. Negotiating the strategy to be implemented

With a recommended, reasonably well thought-out, and integrated strategy in hand,
approach the various agencies and divisions within agencies to seek their comment and
approval. Changes to the best laid strategy are inevitable; approach this effort as an
opportunity to negotiate, not as an opportunity to sell or coerce. Since it may be impossible
to bring all of the participants into the negotiations simultaneously, multiple presentations
and negotiations may be required. The final strategy likely will be better if all or nearly
all parties can participa,*- together. In any case, the negotiations among the parties will
highlight the areas of conflict early in the process and should help ameliorate them before
the RAP is actualiy implemented.

It is strongly recommended that the public be invited to participate in the
negotiations to gain community acceptance and defuse future antagonism, this can be
included in the CRP, if community interviews demonstrate sufficient interest.



Once a final strategy is developed, formalize it in a Federal Facility Agreement
(FFA), a multipartite agreement among the facility, EPA, and state agencies. If community
support has been secured, citizen representatives' endorsements of the FFA would also be
desirable.

4. Developing a RAP workplan based on the strategy

At this point, the nature and scheduling of specific tasks in the RAP can be defined.
Approval of the workplan will be much easier since an agreement has been reached on the
overall integration strategy.

5. Establishing a Strategy Review Committee and RAP Work Groups

No matter how carefully drafted the strategy, the RAP will always need to be
modified based on unforeseen events; if sufficient flexibility was built in, this need not be
a painful process. A policy-level Strategy Review Committee (SRC) of division heads and
other policy leaders should meet quarterly to review reports and other information
concerning the progress of the RAP and to negotiate changes necessary to achieve the
overall program purpose. At a minimum, all parties who helped negotiate the integration
strategy should be represented on the SRC, including citizens.

In addition, one or more RAP Work Groups (RWGs) should also be established,
comprised of those people involved in the day-to-day operation of the RAP. These groups
should meet more often than the SRC, perhaps monthly, to review the status of the RAP,
resolve problems before they become major, make adjustments in the RAP workplan so
long as the strategy remains unaffected, and raise issues to the SRC whenever major
changes to the workplan or any changes to the strategy appear to be necessary. The RWG
meetings will deal primarily with technology, rather than policy; therefore, the need for
citizen participation may be less important and perhaps should be excluded. The final
decision on citizen involvement in these committees depends in part on the expressed
de-?res of the public and on the CRP.

IMPORTANT POINTS IN DEVELOPING AN INTEGRATED RAP STRATEGY

The folio ving 10 points offer specific suggestion for developing an integrated RAP
strategy.

L Separate and then re-integrate compliance activities and remedial (corrective action)
activities.

These two types of activity are usually handled differently, but they can be integrated.
To clear up any possible confusion between these terms, the following definitions are
provided.



A compliance actions is required by statute or regulation and must be performed
regardless of a showing of a threat to human health or the environment. Examples include
the filing and implementation of a RCRA closure plan, the application for and compliance
with a permit, recordkeeping, and reporting under various laws, and the need to perform
ground water monitoring at hazardous waste land disposal units. ARARs are also a type
of compliance action. Compliance actions often constitute many of the constraints on a
RAP integration strategy (see previous discussion).

In contrast, corrective action activities are only triggered upon a showing of a threat
to human health or the environment. These activities enjoy much more freedom in that the
measures designed to address the threat are relatively unconstrained and can be largely
based on health and technology considerations alone.

However, both actions come into play in the design of a RAP - a point that is
sometimes forgotten by planners who are anxious to begin a cleanup. These planners may
be tempted to neglect the compliance action constraints of substance and process that can
limit the freedom to select and implement a remedy. A successful RAP integrates these
different requirements into a coherent strategy and workplan before remedial action begins.

2. Enter into ERP Memoranda of Agreement

Facilities should enter into non-binding, non-facility-specific agreements with each
state and the EPA regional office, similar to the Superfund Memorandum of Agreement
(SMOAs) contemplated by the CERCLA National Contingency Plan (NCP). These
ERPMOAs will create a generic understanding of the need for integrated RAPs, the process
for negotiating RAPs, the establishment of SRCs and RWGs, and the overall goals and
objectives of the ERP. Agreement on priorities among remedial activities in the state, and
perhaps between states, should be sought, allowing DOE to focus on the worst sites fir&t
and to allocate its limited resources in the most effective manner. Also, an ERPMOA will
facilitate facility-specific agreements in the form of FFAs.

3. Eliminate unnecessary complications

When considering various RAP strategies, the facility should to consolidate activities
and adopt similar processes and procedures for dealing with similar activities. For example,
portions of some facilities may be listed on the NPL, others included within a RCRA
corrective action program, and still others addressed by a RAP, independent of the other
two authorities. Such a synthetic division will cause confusion among regulators,
contractors, the public, and perhaps even DOE personnel. A RAP cannot be integrated
if it is designed piecemeal with different requirements applicable to each piece. Again,
keep in mind the "big picture": to coordinate remedial activities facility-wide in order to
arrive at a scientifically valid and politically acceptable strategy. Consistent procedures
facility-wide will make the remedial action program much easier to manage, result in much
less confusion (and perhaps distrust) among the public and regulators, and will help ensure
that money and effort are expended wisely.



4. Do not abuse the "operable unit" concept

The NCP defines an "operable unit" as a discrete portion of a remedial action. At
complex facilities, cleanup can be divided among several separate units or actions. A
careful reading of the Federal Register preamble to the NCP makes clear that any remedy
implemented at an operable unit must be consistent with the final remedy implemented at
the facility as a whole. The preamble also makes clear that the division of the facility into
operable units should be done only for the actual cleanup (RD/RA) and not for the pre-
remedial phases. Also keep in mind the purpose of the RI: It must result in a risk
assessment that considers cumulative risks. A risk assessment that includes cumulative risk
characterization cannot be done properly if the site is divided up into pieces before the RI
is completed (unless the risk assessment data is somehow later aggregated or unless it can
be shown that there is no cumulative risk posed by multiple operable units). As an extreme
example, a facility could be divided into so many units that no one unit (or very few) pose
an unacceptable risk although the entire facility poses an alarming risk.

Similar arguments extend to the FS. The FS evaluates alternative remedial
strategies, including remediation using an operable unit approach. The consistency of
operable unit remediation with a facility-wide final remedy can only be ensured in an FS.
In other words, it would be difficult to determine that operable unit remedies are consistent
with the final remedy if the final remedy has not yet been selected.

Although it may seem to be desirable to break up a facility into pieces in order to
more easily manage them or to focus on known or the worst problems first, such a division
done prematurely could result in: (1) the need to re-do some of the remedial action once
a final remedy is chosen - a waste of precious resources, (2) the pre-emption or preclusion
of an otherwise preferable final remedy - a violation of NCP policy and regulation, (3) a
risk assessment that fails to consider cumulative risks, and therefore, is scientifically invalid,
and/or (4) the failure to address problems that, in the aggregate, should have been
addressed. Interim remedial measures, such as removal response actions, should be taken
when necessary to address those threats that cannot await a final remedy selection. But
since such interim action does not constitute a final remedy, it is subject to further action
once a final remedy is chosen.

5. Use NEPA as an umbrella

In conjunction with the above discussion, the National Environmental Policy Act
(NEPA) Environmental Impact Statement (EIS) process should be used as an umbrella, or
overarching mechanism, to integrate the various remedial action requirements. NEPA is
perfectly designed for a pre-derisional planning and evaluation process. It requires scoping,
solicitation of community involvement and public participation, interagency cooperation and
review, consideration of multiple impacts, evaluation of alternatives, selection and notice
of a proposed action, and records of decision (RODs). These same requirements are
reflected in the CERCLA NCP and the draft RCRA corrective action regulations (see 40
CFR 264 Subpart S, proposed July 27, 1990). A facility-wide NEPA review or EIS is the
instrument of choice to integrate a RAP. An August 1, 1990, memo from the Council on
Environmental Quality (CEQ) to EPA regarding the functional equivalency status of



CERCLA remedial actions at federal facilities makes clear that NEPA requirements are
not superseded or replaced by CERCLA.

6. Develop tier from a facility-wide EIS to operable units

The CEQ regulations regarding the EIS process, provide for developing tiers from
a broad program, policy, or plan EIS to a more narrow EIS that focuses on the actual issues
that are ripe for review. Tiering is designed to avoid duplication of effort by providing for
the citation to broad EISs where decisions have already been made and, therefore, do not
need to be re-addressed in narrow EISs. Just as facility-specific EISs can be tiered from
a programmatic EIS, operable unit-specific EISs can the tiered from a facility-wide EIS,
preventing duplication of effort and allowing focus on the worst problems first. However,
the tiering can only be done after the broad EIS is completed. This is entirely consistent
with both the CERCLA and RCRA approaches. The integration of NEPA tiering is best
accomplished after the NEPA ROD, simultaneously with the CERCLA ROD and the
RCRA final selection of remedy.

7. Integrate public participation

Each statute and agency has its own public participation requirements. A failure to
integrate will likely result in multiple participation efforts, which is not conducive to public
acceptance or an efficient use of resources. Just as breaking up a facility into several pieces
before the ROD is signed is discouraged, disjointed and repetitious public participation
opportunities do not serve the best interests of any party to the RAP. A well-developed
and-designed integrated strategy will gain public acceptance more easily than disconnected
and isolated strategies.

8. Consolidate remedial activities facility-wide, remedial even if it means obtaining
permits

Institutional feasibility is only one of the criteria for the selection of a remedy - and
it is only a balancing, not a threshold, criterion. Unfortunately, only those remedies that
do' not require permits are sometimes considered. Therefore, alternatives that consider
treatment, storage, or disposal onsite or within a corrective action management unit
(CAMU) (within and immediately adjacent to a contiguous area of contamination) are the
only ones that are given serious consideration. This forces remedial action along the lines
of operable units, often prematurely, as discussed above. A truly integrated RAP FS may,
in fact, suggest that a central storage and treatment facility should be selected, even though
one or more permits may be required.

9. Hints on integration

The following are suggested integration tactics:

Under RCRA/HSWA, a facility is defined as all contiguous property under
the control of an owner/operator. Further, any RCRA permit issued after
1984 must contain HSWA conditions, including the need to investigate, and



perform corrective action if necessary, releases from all Solid Waste
Management Units (SWMUs) at the facility. Therefore, the RCRA/HSWA
permit will need to address most, if not all, units at a facility. To preserve
the integrity of an ongoing RAP while satisfying the RCRA/HSWA permit
requirements, negotiate the inclusion, by reference, of the existing RAP
strategy and workplan (at least their hazardous waste portions) into the
permit This has the side benefit of bringing the state (the usual permit
issuance authority) on board and provides an additional assurance (via a state-
enforceable permit mechanism) that the RAP will be completed.

Seek an FFA, coupled with a RCRA permit if possible, to replace extant
enforcement actions and agreements. Part of the reason for conflicts and
confusion in implementing RAPs at some facilities may be that there are
outstanding enforcement actions (consent orders, consent decrees, and
informal agreements). Often these enforcement actions will focus on seme
particular aspect of the remedial action program and thus will not be
integrated. In negotiating an integrated strategy and workplan in the form
of ERPMOAs and FFAs, a voluntary withdrawal of outstanding enforcement
actions should be sought in exchange for formalized integrated agreements
and enforceable permits.

It is still the rule that states issue RCRA permits and EPA issues HSWA
(including corrective action) permits. In many instances, these agencies are
out of synchrony with each other. In early negotiations with these agencies,
agree on a joint permit issuance decision schedule so that RAP integration
can be achieved.

Disintegration also may occur in the compliance action areas of closure and
ground water monitoring. If closure under a closure plan or monitoring of
ground water downgradient of a regulated unit is taking place or is imminent,
allow these activities to proceed as part of the compliance action and do not
make them corrective action issues. This is not meant to suggest that these
activities should not be integrated into the RAP strategy, rather the schedules
and performance standards are controlled more by the regulatory
requirements and agency policy than by idealized RAP schedules. The RAP
schedule should reflect and accommodate such perturbations.

Include other applicable statutes and regulatory programs in the strategy and
workplan. For example, if PCBs are involved, various Toxic Substances
Control Act (TSCA) approvals may be required. If a strategy involving the
treatment of wastes or contaminated water could result in the discharge of
pollutants to surface waters or publicly-owned treatment works (POTWs),
Clean Water Act permits may be required. If emissions of hazardous air or
criteria pollutants are possible, the need for Clean Air Act permits and
approvals may be required. The permit exclusion provision under CERCLA
is available only for onsite, not necessarily for on-facility, handling.



10. Think holistically

Last but definitely not least, mandate cooperation and coordination within the
various units and division in DOE. Consolidate outstanding issues and try to anticipate
likely future ones. Ensure that work groups are composed not only of specialists and
technicians, but of personnel who have a broad perspective of the overall program and its
objectives and purposes. Make decisions in the context of the entire facility RAP.
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Sludges from two radioactive mixed waste ponds are being stored
outside in drums at the Oak Ridge Gaseous Diffusion Plant
(ORGDP). The majority of these sludges have been processed
through the ORGDP Sludge Fixation Facility for fixation in a
grout matrix. The remainder are stored as raw sludges. Recent
problems with drum corrosion and the presence of free water in
the drums led to an investigation of the causes thereof and an
evaluation of the available options for the future. This paper
presents a brief history of the fixation project, a description
of the current problems, lessons learned from the experience, and
the possibilities for the future.
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INTRODUCTION

It is all too common to encounter compliance difficulties with
radiation protection requirements when attempting to meet specific
requirements of the Resource Conservation and Recovery Act. As
radiation levels increase, the difficulty in controling radiation
exposures to levels that are not only safe but also that are as low
as reasonably achievable (ALARA) becomes overwhelming.

When confronted with these situations, an operator has options that
fall into four generic categories:

• Modify facilities and/or operations

• Seek variance(s), negotiated compliance
agreements, or customized permit conditions
under RCRA

• Submit petitions for rulemaking to accommodate
the special circumstances posed by the
additional radiation hazard

• Assert that an inconsistency exists between
the requirements of the Atomic Energy Act
(AEA) and the Resource Conservation and
Recovery Act (RCRA).

Host of the compliance difficulties identified at DOE facilities so
far have been resolved by negotiated compliance agreements.
However, the option of an inconsistency determination is allowed by
law but has not been exercised. Section 1006 of RCRA allows Atomic
Energy Act requirements to take precedence if RCRA requirements
would be "inconsistent".

Initial reviews by staff from the Nuclear Regulatory Commission and
the Environmental Protection Agency (EPA) of their respective
regulations have confirmed that the regulations themselves are not
inherently inconsistent and in some cases they are complementary'.
Most of the compliance difficulties have been associated with the
logistics of implementating the two sets of requirements. EPA has
stated that:

"...implementation of the dual regulatory program for
radioactive mixed waste management might result in



instances where compliance with both sets of regulations
is not only infeasible but undesirable."1

Unfortunately, insufficient guidance exists on what actually
constitutes an "inconsistency.11 Some agency direction is provided
in the Joint Guidance on Waste Characterization and Identification
of Mixed Waste2 published by EPA and the U.S. Nuclear Regulatory
Commission, but this direction lacks specificity. In this document
sn inconsistency was identified as including

"...situations where satisfying both sets of regulations
(RCRA and AEA) would increase the radiation hazard, would
be technically infeasible, or would violate national
security interests."

No guidance has yet been developed on separating implementation
difficulties from true instances of inconsistency. In addition,
EPA and authorized states generally rely upon the individual permit
writer to identify these areas of compliance difficulty and to
develop appropriate accommodations for these potentially
inconsistent situations. However, EPA and the states have only
recently begun to utilize the skills of trained radiation
protection specialists in situations involving mixed waste.
Interim status facilities, in particular, are having difficulties
meeting both AEA and RCRA requirements, since interim status
standards are not modified by a permit writer's judgement and
interpretation. Since most mixed waste facilities are operating
under interim status and must meet the unmodified requirements of
40 CFR 265, compliance with RCRA can create situations that are in
conflict with the requirements of the AEA.

This paper proposes a method to identify an inconsistency between
RCRA and AEA and for distinguishing a true inconsistency from a
"compliance difficulty". The paper also provides examples of each
situation, accommodating specific RCRA requirements to maintain
adherence to radiation protection requirements. The proposed
method is derived from radiation protection guidance to Federal
agencies for occupational exposure that was issued by EPA, under
authority derived from Executive Order 10831, the AEA, and
Reorganization Plan No. 3 of 19703. This EPA guidance was approved
by President Reagan on January 20, 1987 and closely reflects the
guidance of national and international radiation standard-setting
groups.

The Federal guidance sets forth the following three basic
principles of radiation protection:

• That any activity involving occupational
exposure "should be determined to be useful
enough to society to warrant the exposure of
workers;"



• That for justified activities, exposure of the
work force should be as low as reasonably
achievable (ALARA), economic and social
factors being taken into account; and

• That an upper limit on risk to individual
workers is needed.

It is the intent of this guidance that all Federal radiation
protection programs must conform to these precepts and must,
therefore, implement the concepts of benefit, ALARA and numerical
dose limits. This means that program managers must not only
determine how to conduct a task, but they have the additional
responsibility of determining whether a task is sufficiently
beneficial to society to be worth the radiation exposure received
in its performance. Only after the task is deemed sufficiently
beneficial is the program manager given the responsibility of
conducting the task in a manner that is as far below the numerical
exposure limit as reasonably achievable. The ALARA philosophy, as
described in the EPA guidance document, is goal-oriented, risk-
based, cost-effective and case-specific. It is no surprise that
there are difficulties in implementing RCRA since, in several
situations, EPA is not allowed to consider cost-effectiveness in
setting standards under RCRA.

THE METHOD

A proposed decision-making framework is depicted in Figure 1. This
framework provides a method to determine whether sufficient
justification exists for instituting alternative actions (including
a no action alternative) to meet the dual requirements of the AEA
and RCRA.

Suspicion that there may be sufficient justification begins when
performing a RCRA-mandated task would result in a significant
increase in radiation dose to an individual or a group of
individuals. For the majority of RCRA requirements, compliance can
be achieved with little or no incremental increase in radiation
risks to workers. In these cases, there is no justification under
Section 1006 of RCRA for seeking modifications to the RCRA
requirements. A simple example of this type of situation is
posting the entrance to an area containing mixed waste where the
dose rate at the entrance is on the order of a fraction of a
millirem per hour. Similar actions are routinely performed in
complying with AEA requirements.

However, for those situations where compliance with RCRA involves
non-trivial radiation doses or unusual circumstances, further
evaluation of alternative compliance methods and/or application of
additional protective equipment is required for AEA compliance.
Extrapolating from the above example, placing labels directly on
tanks containing highly radioactive materials would involve
potentially significant radiation doses.



STEP 1 - BENEFIT ASSESSMENT

Step 1 of the method is derived directly from the Federal guidance
document and seeks tc determine if the activity provides sufficient
benefit to society to outweigh the risks involved with the
radiation exposure. This is a very difficult criterion to
implement because of its inherently subjective nature. The Federal
guidance document cites the following statements from the National
Council on Radiation Protection and Measurement (NCRP) on benefit:

"...all exposures should be kept to a practicable
minimum; .. .this principle involves value judgments based
upon perception of compensatory benefits commensurate
with risks, preferably in the form of realistic estimates
of both benefits and risks from activities involving
radiation and alternative means to the same benefits."

"... Decisions on whether or not particular tasks should
be carried out (such as inspecting control systems or
acquiring specific experimental data) require judgments
which can, in the aggregate, be as significant for
radiation protection as those justifying the basic
activities these tasks support."

The International Commission on Radiological Protection (ICRP) in
its Report 26. Recommendations of the ICRP4 indicated that all
benefits accruing to society and not just those received by
particular groups or individuals should be included in an
assessment of benefit. In determining whether there is benefit
derived from a particular RCRA-related activity, the following
questions should be considered. This list is not intended to
complete, but it provides a framework for considering this
difficult issue of "benefit":

• What is the purpose of the task?

• What is the task trying to achieve or prevent?

• If the requirement were not complied with what are some
of the consequences (e.g., total risk, both radiological
and chemical) to the general public? to the environment?
to occupationally exposed individuals?

• Would cleanup costs be increased?

• Are there existing programs in effect that work toward
the same purpose?

• If existing programs are in effect, do they completely
address the purpose of the task? If not, what portions
of the purpose are not currently being addressed?
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is the magnitude of the benefit of the unaddressed
purposes?

If existing programs fully satisfy the intent or purpose of the
RCRA requirement, performance of the RCRA task provides no
additional benefit. According to Federal guidance on occupational
exposure, this task should not be performed. This task represents
an instance where RCRA requirements are inconsistent with those of
the AEA. An example of this type of inconsistency could be a
visual inspection for leaks in an area having a continuous air
monitor, a radiation dose rate monitor, pressure or flow monitoring
devices on all systems flowing through the area, and automatic
alarming sumps or other remote leak detectors. In this example,
these existing systems achieve the same purpose as a visual
inspection for leaks, without increasing radiation exposures.

In most cases, however, not all purposes of a RCRA requirement are
addressed by existing programs. The facility operator has an
obligation to take action that fully satisfies the RCRA requirement
and fully complies with radiation protection program requirements,
providing the remaining purposes of the RCRA requirement have
benefit.

STEP 2 - DETRIMENT ASSESSMENT

Assuming there is benefit to the remaining purposes of the
requirement, the next step is to determine how much detriment is
involved with obtaining that benefit. In its Report of Committee
4, Cost-Benefit Analysis in the Optimization of Radiation
Protection, and Report 26. Recommendations of the ICRP. the ICRP*-5

considered detriment to include not only the radiation exposures
that would be involved in a task, but also the costs, different
degrees of risk, and operational inconveniences not related to
radiation exposure. Factors that ICRP considered as detrimental
include

• The cost of the protection (usually expressed in monetary
terms)

• The risk associated with the task which is a function of
the radiation dose received

• Collective dose

• Psychological stress

• Other factors perceived by society to be detrimental.

The ICRP cautioned that such assessments are by nature highly
subjective, and that optimization of radiation protection, as
optimization in technology in general, is basically an intuitive
process.



Let us assume that a daily inspection is required of an area
subject to spills where a RCRA regulated waste is stored
inaccessibly with radiation levels on the average of 100 rem/hr.
According to Figure lf a detriment assessment would be performed
and would include the cost of protective equipment and monitoring
support for the inspection activity, an estimate of the radiation
exposure to occupationally exposed individuals to perform the
inspection, the collective dose associated with performing that
inspection daily, an assessment of any psychological stress that
may accrue the employees assigned to this high dose task, and any
other factors that may be perceived as detrimental. At this point
in Figure 1, alternative methods are not evaluated. For those
situations where it is intuitive that the detriment involved with
an inspection of this nature is overwhelming, proceed to Step 4B.

STEP 3 - DETRIMENT/BENEFIT ASSESSMENT

The next step is to determine how the benefit compares to the
detriment (if any). If the perceived benefit outweighs the
perceived detriment of the task, there is no justification under
Section 1006(a) to avoid performing the task. However, there may
be a means of obtaining the benefit with less detriment. In that
case, an ALARA evaluation is required to optimize the
detriment/benefit ratio. For example, if the maximum dose rate on
the above example were 100 mrem/hour, the detriment/benefit ratio
might show sufficient benefit to performing the inspection.
However, there may be alternative means of accomplishing the same
purposes with less dose. For example, a remote camera may be
installed, or visual inspections could be performed less
frequently, or a combination of other means could be employed to
achieve the same purpose.

However, if the perceived detriment outweighs the perceived
benefit, Federal guidance recommends against performing the
compliance activity in its unmodified fonu. While this may appear
to represent an inconsistency with the AEA, Federal guidance also
requires that all radiation exposures be ALARA. Thus, alternative
means of achieving the same purpose must be evaluated. This is
usually termed an ALARA analysis.

STEP 4 - ALARA ANALYSIS

An ALARA analysis begins by comparing at least two alternative
means for accomplishing the same purpose. Alternative means should
be evaluated that will allow the facility operator to achieve the
identified benefits in a manner that maintains radiation exposures
not only below specified limits but also at levels that are as low
as reasonably achievable. Each facility usually has existing
procedures in place to determine when an exposure is as low as
reasonably achievable (ALARA).

Inherent in an ALARA analysis is the premise that doses will not
exceed an established upper limit on risk to an individual, as
required by Federal guidance. ALARA analyses answer the question,



"How far below the limit is it reasonable to maintain radiation
exposures?" ALARA is typically implemented by evaluating both
engineered or design features of a facility and operational
features. The principle also applies to both individual and
collective exposures to radiation.

Federal guidance on ALARA recognizes the work of the ICRP in more
recently characterizing ALARA as "optimization"43. An ALARA analysis
is an iterative process that leads to the systematic conclusion
that radiation protection practices have been optimized. ICRP
recommends that a two-step optimization approach should be used.
First, a decision should be made on the most cost-effective way to
control exposure. Following this first-level commitment, the
selected control parameter(s) should be optimized.

Using the example of daily inspections of an area subject to spills
with 100 mrem/hour maximum dose rates that is entered once or twice
a year for maintenance because of limitations on radiation
exposures, it could be justifiable to conclude that daily
inspections should not be performed. However, evaluating
alternative measures that could be instituted to arrive at the same
benefit, an ALARA analysis (Step 4A) indicated that installation of
remote monitoring devices would be the most cost-effective method
of controlling exposure. The requirements for personnel protection
needed to install the remote device would be optimized in the
second-step of the ALARA analysis. Not all ALARA analyses are this
simple, since the complexity of the task determines the complexity
of the ALARA analysis.

Using the other example of daily inspections (in an area where
average dose rates are on the order of 100 rem/hour) presents a
challenge in merely meeting the occupational dose limits. In this
instance remote cameras may not be a reasonable alternative. In
addition to the dose incurred during installation, the cameras
would require frequent replacement and maintenance. It is possible
that very expensive protective equipment, coupled with robotics may
be the option that could achieve the identified benefits associated
with the RCRA requirement. As before, once the cost-effective
method is determined the conditions surrounding the alternative are
optimized for dose reduction.

Following optimization of the most cost-beneficial approach, the
question of net benefit must still be answered (Step 5) . If
performing the task continues to provide insufficient benefit
compared to optimized detriment, the first basic principle of
radiation protection requires that neither the original task nor
the modified task should be conducted. The ICRP additionally
recognizes the many components that enter into a decision based on
optimizing the detriment/benefit ratio. The ICRP also cautions
that:

"The optimality of the selected level of protection, and
of the systems used to achieve it, depends heavily on the



quality of the judgements and data which went into the
analysis. It is therefore necessary to evaluate the
sensitivity cf the solution to variations in some or all
of the judgmental inputs and data. Such sensitivity
assessment allows the identification of the crucial
factors in the decision and helps in making the approach
more meaningful, particularly when the problem is
complex.1'5

If, however, the detriment/benefit continues to show net
incremental benefit, the modified and optimized task must be
performed. Performance of the modified task would be required
under both AEA and RCRA.

SUMMARY

The Federal guidance developed by EPA as part of its radiation
protection responsibilities can be used to determine when RCRA
implementation difficulties associated with mixed waste qualify as
inconsistencies under RCRA Section 1006. The judgments that need
to be made are extremely subjective and can be swayed by
intangibles such as personalities of the regulators involved in the
decisionmaking, political ramifications, and public sentiment.
Nevertheless, having a basic decisionmaking framework such as the
one presented in this paper is necessary to assist the regulator,
and the regulated in making decisions that protect the public
health and the environment from the hazards of both radiation and
hazardous waste.
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"It was the best of times."
"It was the worst of times."

Charles Dickens wrote these words in 1859. 130 years later they aptly
describe the events surrounding the negotiation of the cleanup agreement for the
Department of Energy's Mound Plant in Miamisburg, Ohio.

L
The Mound Plant is located on a 306-acre plot in highly-urbanized Montgomery

County, Ohio. The plant, which has been at its present location since 1948, sits on
e high mound-like area overlooking the town of Miamisburg and the Great Miami
River. The western area of the site overlies a portion of the Great Miami Buried
Valley aquifer system, a sole source aquifer, from which the City of Miamisburg
obtains its drinking water supply from wells which are located about one-half mile
across the Great Miami River from the Mound Plant.

The functions of the Mound Plant include research and development related
to the production of nuclear weapons as we.'l as isotope separation, nuclear
safeguards, heat sources, and tritium recovery. However, the main function of the
plant is the manufacture of nonnuclear components and tritium-containing
components for nuclear weapons.

Tritium, as well as trace levels of chlorinated organics, have been found in the
groundwater at Mound. On-site and off-site soils are contaminated with plutonium
and several on-site locations are contaminated with thorium.

'This paper represents the views of the authors only and should not be construed
to reflect the official policy or position of the United States Government.



On November 21, 1989, Mound was listed on the National Priorities List (NPL),
the system under the Comprehensive Environmental Response, Compensation and
Liability Act (CERCLA) whereby the Environmental Protection Agency (EPA) ranks
the sites that need remedial action because of contamination from hazardous
substances. Section 120(e) of CERCLA requires that a federal facility which is
listed on the NPL commence a remedial investigation and feasibility study (RI/FS)
within six months of the NPL listing. The law further requires that the EPA review
the results of the RI/FS and that within 180 days of the EPA's review the
concerned federal agency enter into an interagency agreement (LAG) with the EPA
regarding the remedial investigation to be undertaken at the site. It has beec the
practice of the DOE to enter into agreements regarding the cleanup of sites as >>oon
as possible in the CERCLA process rather than waiting until the completion of the
RI/FS. This practice allows the parties to know early in the process what is
expected of them and it allows them to better plan their staff schedules and
budgets.

Many of DOE's facilities face a unique problem in negotiating CERCLA cleanup
agreements because they are, like Mound, listed on the NPL, and also are seeking
a Resource Conservation and Recovery Act (RCRA) permit. Agreements for such
sites must coordinate the remediation requirements of CERCLA with the provisions
of RCRA which require a facility to undertake corrective action for releases from
Key solid waste management unit regardless of the time the waste wa6 placed in
She unit. Mound has hazardous waste management units and filed its Part B RCRA
permit application in November 1986. On June 30, 1989, the State of Ohio obtained
its final authorization to administer the State hazardous waste program in lieu of
the federal program. Thus, the State has a role at the site not only under CERCLA
but also under RCRA. As of this writing, the State does not have authorization to
administer the RCRA corrective action program.

Adding to the confusion of the authorities and the roles of the respective
regulatory agencies is the fact that corrective action requirements of RCRA cover
releases only of hazardous waste and hazardous constituents while CERCLA covers
a broader spectrum of materials usually referred to collectively as hazardous
substances. At DOE sites, the distinction is crucial because CERCLA covers
contamination from radionuclides but RCRA does not. This became an important
factor in the Mound negotiations.

With that brief overview of the CERCLA and RCRA regulatory requirements,
let us now tell you the current status of the Mound agreement and how we got
there. The technical staffs began meeting in July 1988 in an effort to reach
agreement on a plan of action to remediate the site. It was not until six months
later that negotiations began in earnest to draft a complete CERCLA LAG. The
intent at the time negotiations started was to enter a three-party agreement
including the State of Ohio as the third party. After numerous long and difficult
meetings over a period of several months, the parties concluded in November 1989
that a three-party agreement seemed unachievable at that point. Thereafter, our
goal became two separate agreements-one agreement with the EPA and one
agreement with the State with a common Statement of Work defining the technical
steps required for remediation of the site. The CERCLA Interagency Agreement
with EPA was signed on August 6, 1990 and a public meeting on the LAG was held
on August 28, 1990. The Agreement with the State has not yet been completed.

n.
The purpose of this paper is to explain some of the more important provisions

of the Mound agreement and to explore some 'lessons learned" from the Mound
experience about CERCLA Interagency Agreement negotiations. In order to protect



the confidentiality of the negotiating process, this paper will not detail any of the
actual conversations that took place in the negotiating sessions.

We have chosen six specific 1AG provisions to discuss because they represent
key elements in our attempt to merge what may sometimes seem like incongruous
goals-the need to conduct a thorough CERCLA cleanup under the direction of
another federal agency and the desire to protect the public's money. The provisions
we will discuss are:

Integration of CERCLA and RCRA requirements.
EPA's covenant not to sue or assess administrative
penalties against DOE's contractors for any of their
actions which may have given rise to the releases
covered by the agreement.
Inclusion of a streamlined Statement of Work.
The procedure whereby investigative work already
completed at the Mound site which was not
conducted utilizing EPA-approved methods may be
accepted for future reports.
The short list of primary documents.
Use of a yearly schedule for work activities.

However, before we turn to the terms of the agreement itself, we will provide
a few negotiating tips for your consideration. First tip: study the history of your
facility's relationship with the other parties before you ever enter the negotiating
room. If you are assigned to negotiate an 1AG for a facility with which you have
not had much contact in the past, you must examine the details of those past
relationships in order to have as much knowledge as possible before beginning
negotiations. Even if you are fortunate enough to have been involved with the
facility for a number of years, you should nevertheless review the history. There
may be a small detail tucked away in your notes or in someone's mind that you
have long ago forgotten, but which you can now use to achieve your goals during
the negotiation process.

A commentary from a professional mediator about a recent political skirmish
in New Mexico sums up the importance of historical dealings in negotiations: "No
issue is unrelated. In a dispute, each party has a gunnysack full of ammo, and
usually it's all dumped out, or hurled, before the resolution is reached." Larry
Calloway, Albuquerque Journal, September 2, 1990, p. A3.

What are some of the historical facts that may be important in negotiating a
CERCLA agreement? These will naturally vary from facility to facility, but some
may include the following: Has any regulatory agency ever issued a notice of
violation or a notice of intent to sue? If so, how was the notice resolved? Will
some unresolved aspect of that notice or the "gunnysack full of ammo" developed
during the resolution of the notice be hurled during your negotiations?

What documents has the facility provided to the EPA or the State in the past?
In the case of Mound, the State's Assistant Attorney General, who was the State's
chief negotiator in the CERCLA agreement, had made a Freedom of Information
Act request in about 1986 for all the documents related to releases of hazardous
substances at Mound. Clearly, he possessed a vital ingredient for any successful
negotiation-information. Don't let the other side surprise you with the
information it possesses about your facility.



Does your facility have a good regulatory history of filing all required reports
and permit applications in a timely manner? Have the inspections of the facility
by the EPA and the State been cordial or have they been met with grudging
compliance by the facility's environmental staff? Does a particular member of your
negotiating team have an especially bad relationship with some member of the
regulator's negotiating team? If this is the case you should "bite the bullet" and
recommend that the person not be a member of the negotiating team even if he
or she is the top management person on your side.

At Mound, we had a good past working relationship with the other parties
when we came to the negotiating table. Although the State had sent us a notice
of intent to sue in 1985 for alleged CERCLA violations including a request for a
large sum of natural resource damages, we had established a cordial and
cooperative working relationship with them as well as with EPA. Because we had
dealt with these parties in the past in an honest and forthright manner, we were
confident that we could also negotiate this agreement in the same friendly
atmosphere even though our negotiations were taking place during a period of
some of the most intense negative publicity about snvironmental issues at DOE's
facilities nationwide. Despite our eventual differences with respect to some issues,
including those which led to our decision to work toward two two-party agreements
in lieu of a three-party agreement, the atmosphere at the negotiating sessions
remained cordial. Our past history was a primary factor in fostering that excellent
climate.

The importance of knowing the history of the facility may be lost on those
who believe that all CERCLA agreements are alike and that such agreements can
be negotiated quickly by using a lot of "boilerplate* language that already appears
in "model" agreements or in other IAGs. DOE and EPA has negotiated "model"
language for IAGs. This language is useful for some purposes, but it was drafted
before the RCRA/CERCLA conflict became apparent and it was drafted for two-
party agreements rather than for three-party agreements which are the ideal
approach. Moreover, the model consists of scattered model provisions for an
agreement and was not intended to be the entirety of an agreement.

Alter warning you of the pitfalls associated with using the model language
verbatim, I will tell you that, in fact, the Mound negotiations got started by
someone sending the State a copy of the model DOE/EPA language. The State
used this language as a starting point for drafting its own proposed language.
ATTENTION, all negotiators for a federal facility, be aware: Make the first real
draft of a CERCLA agreement rather than relying on the regulators to do so! If
you start with your own product, you are better able to achieve the ultimate result
you want rather than having to "negotiate around" language in which the other
party has a natural pride of authorship. Moreover, you are in a better position
than the regulator to know all the pertinent facts about your facility and to use
those facts to craft an agreement that will satisfy all the CERCLA requirements
with a minimum amount of disruption to the accomplishment of the mission of the
facility.

We also suggest that negotiations start, not with the exchange of drafts, but
rather with a meeting of the teams at which the players get acquainted and lay
some important groundwork for the negotiations. Such a meeting will save a lot
of time and frustration Liter. It should take place before even a word is put on
paper. At this meeting, the negotiators will want to agree on some of the more
mundane items such as how often and where they will meet. But, the most
important function of the meeting is to gain an understanding of the basic needs
and goals of the respective parties.



In CERCLA IAGs at DOE facilities the most important basic issue to discuss
at the first meeting is: How does each party view its role in the cleanup process
•nd are there any reasons to expect that role to change during the negotiations or
after the agreement is signed?

This early meeting of the parties to discuss their respective authorities is key
to setting the stage for later negotiations. There may not be consensus at that
early meeting about what effect changed conditions will have on the agreement,
but at least all sides will be aware that there may be differences on this point. An
early discussion of expected changes in the roles of the parties may prevent a
breakdown of negotiations later when changes do occur.

The Mound experience illustrates the need to have an early understanding of
the roles of the parties and the potential for changes in those roles. At the time
negotiations began, the Mound Plant was not on the NPL. It was not even
proposed for the NPL until July 14, 1989. The roles of all three parties changed
when the site was listed on the NPL because CERCLA provides different roles for
DOE, the EPA, and the State at NPL sites from what is applicable at non-NPL
sites. Under Section 120(a)(4) of CERCLA, State laws concerning remedial action
are applicable to non-NPL federal facilities to the same extent they are applicable
to private facilities. CERCLA is silent on what happens to the applicability of
State clean-up laws once a site appears on the NPL. However, as previously
mentioned, the corrective action requirements of RCRA remain applicable even
after a site is listed.

Once Mound was listed on the NPL, the DOE no longer had the lead agency
status under Executive Order 12580; there was less flexibility in the procedural
requirements because the steps outlined in the National Contingency Plan became
applicable; and EPA assumed the dominant role as lead agency. You can well
imagine the turmoil that could result when positions change this drastically if the
parties have not discussed and evaluated the ramifications of such changes.
Dickens' remark, "It was the worst of times," would not even adequately describe
that scenario.'

Based on the Mound experience, if, at that early meeting, the parties identify
anticipated changes which are so significant that they will change the whole
character of the ultimate agreement, postponing the negotiations until those
changed circumstances occur or negotiating only an interim agreement may be
necessary. Many of the CERCLA agreement processes have begun with a "bia6 for
action" -any action is better than no action - any agreement is better than no
agreement. The goal on which this philosophy is based is laudatory. It is good to
have an agreement which binds all the players to an orderly procedm'e for cleaning
up contaminated property. The sooner we get on with remediation, the better.
But, having an agreement that does not reflect the actual legal authority of the
parties can be worse than having no agreement. If problems arise in implementing
that agreement, the court will not be able to look at the statute and ascertain the
various authorities because the parties will have altered the statutory roles!
Instead, a court will have to examine the intent of the parties, a task which is
almost always far worse than looking for the proverbial needle in the haystack. In
these cases, each party has his or her own idea of what color the 'needle" is, or
rather, what the "real" intent was.

Before we return to discuss those six specific provisions of the Mound
agreement which were listed earlier in this paper, one final negotiating issue must
be determined: Do marathon negotiating sessions ever work? We had one of those
sessions during the Mound process. They can work if each party comes to the



session with the goal of reaching an agreement and with the flexibility necessary
to compromise in order to meet the needs of the other parties. Marathon sessions
also can lead to very bad agreements because they do not afford the parties enough
time to give careful thought to the ramifications of the terms they are drafting.
In our case, we had plenty of time to reflect on our v \s because the agreement
with EPA was not signed until eight months after the marathon session.

Now, let us discuss those six specific provisions in the 1AG. First, how did we
solve the CERCLA/RCRA conflict? At the time the LAG was signed, EPA, not the
State, had the RCRA corrective action authority. Therefore, the Mound LAG
incorporates the concept that the provisions of the agreement will be "deemed to
achieve" the requirements of Sections 3004(u), 3004{v), and 3008(h) of RCRA as well
as the requirements of CERCLA. How this provision will operate when the State
receives authorization over the RCRA corrective action requirements remains to be
seen.

One of the most sensitive points to negotiate in an LAG is what rights the
regulator is willing to give up with respect to bringing an action against DGE's
contractors. Ln the case of Mound, not only the present contractor, EG&G Mound
Applied Technologies, but also the predecessor contractor, Monsanto Research
Corporation, had an interest in the outcome of our negotiation of a "covenant not
to sue" provision. The public has a lively interest in this issue also as was
evidenced by a question raised by a citizen at the public meeting held on August
28, 1990, on the LAG. The question was asked whether Monsanto could be held for
any liability for their past actions. In the Mound agreement, EPA agreed that
DOE's compliance with the agreement would 6tand in lieu of any civil remedies,
either administrative, legal, or equitable, which the EPA might have against the
contractors or their employees, in accordance with DOE practice, the management
and operating (M&O) contractor is not a party to the agreement. But, because of
the "covenant not to sue" prevision, the M&O contractor has a vested interest in
assuring that the terms of the agreement are complied with and that the remedial
action fulfills the requirements of the agreement. Indeed, as currently planned, the
work required by the agreement will actually be carried out by EG&G and the
remedial contractors it selects.

Another important issue is the use of what are known as the Statements of
Work or Action Plans to set forth the primary technical requirements of the LAG.
The main text of the agreement normally contains the various provisions which
establish the legal rights and obligations of the parties while the Statement of
Work outlines the technical requirements which will guide the actual remedial
action process. The Statement of Work is incorporated by reference into the IAG
and is contained as an Appendix to the agreement. Many of the Statements of
Work for other IAGs contain elaborate detail about the specific site including an
actual division of the site into operable units and a schedule by which the work
must be conducted. The Mound Statement of Work is much more flexible in that
it allows the process to be guided by discoveries which are made- in each of the
preceding investigative steps. The Mound site is expected to be investigated and
remediated in eight operable units, but neither the Statement of Work nor the
main text of the LAG lists these units. Instead, the Statement of Work is general
in nature and follows closely (he CERCLA Rl/FS and RCRA Corrective Action
guidance issued by EPA.

Like all the DOE sites, the Mound site has already undertaken a large amount
of investigative site work which has not been reviewed or approved by EPA or the
State. One of the major concerns that the DOE facilities have, especially if they
do not yet have an agreement with the regulatory agency, is whether this early



work will have to be redone under the watchful eye of the regulator after an IAG
has been entered or RCRA permit conditions are imposed. Essentially, without a
formal understanding with the regulators, DOE sites are taking the risk that
millions of dollars of work will not be directly useable in subsequent investigative
efforts, especially if the early work was conducted without the use of EPA-approved
nmpling or data quality procedures. The Mound Statement of Work provides a
mechanism by which this work can be used. The provision indicates:

Though US. EPA recognizes the value of this work for indicating
the course of future work, U.S. EPA cannot accept this data without
their further verification as sufficient for determining the
appropriate remedy or excluding potential areas of concern from
further consideration. The RI/FS Wcrk Plan shall provide for
investigative tasks sufficient to confirm results using U.S. EPA
approved methods.

The Statement of Work was negotiated by the technical staff while the main
IAG was negotiated by a team comprised of both lawyers and technical staff. In
order to make this division of responsibilities work effectively, the two groups must
have periodic update meetings to discuss the issues that have been resolved in
their respective groups and to review the issues that remain unresolved. For
example, both the main text and the Statement of Work in the Mound agreement
include a list of primary and secondary documents. Had the negotiating team
decided on a lengthy list of primary documents while the technical group was
satisfied with a brief list for the Statement of Work, this failure to communicate
would have resulted in wasted effort and the need to renegotiate a part of the
agreement that both teams thought they had resolved.

A very important aspect of the Mound negotiations i6 that, even after it
appeared that a three-party agreement was unachievable, the technical group which
negotiated the Statement of Work included representatives of all three parties. To
Dickens, that would be considered 'the best of times." The concept is that if a
State-DOE agreement is reached, it will contain the same Statement of Work as the
EPA-DOE agreement. This will greatly minimize any confusion which may arise as
a result of having two two-party agreements.

Regarding primary and secondary documents, the Mound agreement does use
a short list of primary documents, which are directly subject to dispute resolution
between the parties, and a longer list of secondary documents, which can only be
the subject of dispute resolution to the extent they are incorporated into a primary
document. The primary documents are:

Work plans for the limited additional studies needed
for scoping of tasks
RI/FS Work Plaa
RI Report
Work plans for the treatability investigations (bench
or pilot scale studies)
FS Report
Proposed Plan to select a remedy, a plan which will
be incorporated into the Record of Decision
Yearly schedules
Remedial design/remedial action work plan

Finally, let us address how the subject of schedules was handled in the Mound
IAG. Because the budget is limited and uncertain until adopted by Congress, some



IAGs have been criticized on the basis that they purport to commit funds before
the funds are appropriated and/or they tie the hands of the President in setting
priorities. In recent IAGs it has been especially important to reconcile the
commitments made under the CERCLA agreements with the terms of the DOE's
Five-Year Plan which sets cleanup priorities throughout the DOE complex. The
Mound agreement attempts to avoid conflicts between the Five-Year Plan and the
agreement by providing for the development of a yearly schedule of activities for
the entire Mound site including a current year schedule on a monthly basis, a next
year schedule on a quarterly basis and additional years on a yearly basis. More
detailed schedules, of course, would be Included in the work plans for each activity.
The yearly schedule concept does not affect the requirement of the Anti-Deficiency
Act that a government agency not commit funds which have not been appropriated
because the "Funding* provision in the agreement states that nothing in the
agreement will be interpreted to require the obligation or payment of funds in
violation of that Act.

The yearly schedule will be subject to review and comment by the EPA and
will aleo be subject to dispute resolution if the principals can not agree. Since the
EPA Administrator has the final decision-making authority under the dispute
resolution process, the EPA has final authority over the schedule. However, by
using a yearly schedule coordinated with the Five-Year Plan, a dispute regarding
schedules can probably be avoided because any schedule made closer to the time
it is to be implemented is more likely to be based on actual circumstances than an
early schedule which is based only on a best estimate of the amount of time
required to accomplish the tasks.

In brief, this paper has provided some thoughts to consider about the process
of negotiating a CERCLA agreement: study the history of the facility's relationship
with the other parties; have an early meeting to understand the perceptions the
parties have about their role6 in the CERCLA process; use model language
judiciously; contemplate what will happen if the party's legal roles change during
the course of the negotiation; and consider carefully whether a marathon session
will help or harm your goal. And, finally, the paper has discussed how the Mound
agreement resolves six specific issues which every DOE facility faces when
negotiating a CERCLA agreement.
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As more hazardous waste sites are thoroughly characterized, more are being found
to contain mixed wastes. This is making it all the more important for the
chemical and radiological risk assessment methodologies that are applied to these
sites to yield results that are consistent, if not additive. The purpose of
this paper is to 1) outline the fundamental similarities and differences between
the presently accepted radiological and chemical risk assessment methods, 2)
examine the significant differences in analytical results and decisionmaking that
can result if either is used to the exclusion of the other and 3) to suggest a
hybrid method that utilizes the strong points of each to arrive at a balanced
contaminant impact data base for decision making. The approach taken to
facilitate these comparisons is to quantitatively assess the collective risk at
a simplified site, contaminated with a short list of chemicals and radionuclides.
The site is assessed first using exclusively the suggested Superfund toxic
chemical methodology for both chemicals and radionuclides, followed by the same
analysis using accepted radiological methods for both contaminant categories.
Both the methods and the results of these calculations are compared and
contrasted. Logical mitigation decisions that might result from each set of
calculations are examined. The same site is finally analyzed using a method that
incorporates the best of both of the previously used methods and the results are
analyzed on the basis of the decision-making utility of the results. Conclusions
are drawn relative to several topics of prime importance. These are: acceptable
risk bases, key assumptions, statistical inputs, prioritizing contaminants,
environmental models, cumulative risk, and risk assessments for non-human
receptors.
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ABSTRACT

Compliance with the National Environmental Policy Act (NEPA) is
undergoing major changes and re-emphasis in the Department of
Energy. The Memo-to-File procedure, which was unique to DOE, is
replaced by Categorical Exclusions and other NEPA documentation
recognized the Council on Environmental Quality. Of particular
interest to persons responsible for or involved in environmental
restoration activities at DOE sites is DOE Order 54 00.4 which
stipulates that the procedural and documentation requirements of
NEPA be integrated into the CERCLA RI/FS process. Strategies for
this integration are discussed for the Oak Ridge Reservation
Environmental Restoration Program, the Portsmouth Gaseous
Diffusion Plant Remedial Action Program, the Hanford Reservation
and the Feed Materials Production Facility (FMPC). Strategies
were developed to be as consistent as possible with Federal
Facility Agreements, Consent Orders (from state agencies) and
USEPA Administrative Consent Orders. How to deal with cumulative
impacts, tiering, and generic issues associated with
environmental restoration activities were key issues at most
sites. Current status of the various strategies and issues are
addressed.

INTRODUCTION

In the span of less than three years, the implementation of the
National Environmental Policy Act (NEPA) has undergone a major
revolution within the Department of Energy. This is especially
evident in DOE field and operations offices and with the
Maintenance and Operations (M & 0) contractors responsible for
the day-to-day operation of these DOE facilities. The
Environmental Restoration Program within DOE is particularly
vulnerable to these changes since the program is operating under
CERCLA, RCRA, both CERCLA and RCRA, and may have state consent
orders or USEPA consent decrees with stringent schedules and
possibly stipulated penalties. Several factors have contributed
to this NEPA change, including the Secretary of Energy's Ten-
Point Initiative (which prioritized environmental compliance
above production goals and specifically emphasized NEPA), tiger
team audits of DOE facilities, and especially the Secretary of
Energy Notice 15-90 (SEN 15-90). In addition, DOE Order 5400.4,



which requires that the procedural and documentation requirements
of NEPA be integrated into the RI/FS process of CERCLA, adds a
compliance complication to the Environmental Restoration Program
(ERP). In this regulatory environment, the Environmental
Restoration and Waste Management component of DOE has started to
develop strategies of NEPA compliance. This paper focuses on ERP
efforts at some DOE field and operations and does not expressly
deal with details associated with the proposed DOE Headquarters
Programmatic Environmental Impact Statement (PEIS) on
Environmental Restoration and Waste Management. Since the
development of ERP NEPA compliance strategies is at various
stages depending upon the site, this paper provides a snapshot in
time. The process of strategy development is discussed using the
Oak Ridge Reservation and the Portsmouth plant sites as primary
examples.

ORR STRATEGY DEVELOPMENT

In January, 1990 a NEPA strategy task force was organized to
produce a ERP NEPA compliance strategy for the Oak Ridge
Reservation. The task force, composed of DOE and some of their
contractors, specifically addressed the implications of both SEN
15-90 and DOE Order 54 00.4 in relation to long standing DOE and
CEQ guidance regarding NEPA implementation. Several major
changes in NEPA compliance procedures were identified in SEN 15-
90 (Table 1).

The Oak Ridge Reservation (ORR) was placed on the National
Priority List (NPL) in 1989, making the entire reservation a
Comprehensive Environmental Response, Compensation, and Liability
ACT (CERCLA) site. The ORR is a complex site involving over 560
identified solid waste management units at four major facilities
(X-10, Y-12, K-25, and ORAU). In addition, the DOE Oak Ridge
Operations Office, the USEPA, and the state of Tennessee have
prepared a draft Federal Facilities Agreement (FFA) that
establishes a procedural framework for developing and
implementing the ERP on the ORR. The FFA recognizes DOE's NEPA
responsibilities but does not address how they should be
addressed for remedial action projects. A key problem identified
with implementing a NEPA strategy for the ERP at the ORR is that
regulatory deadlines (FFA, CERCLA, RCRA, etc.) can conflict with
NEPA procedures.

The task force focused on three basic issues in the development
of strategy: (1) the level of NEPA documentation needed, (2) how
to integrate NEPA requirements with those of CERCLA (and RCRA as
well), and (3) how to assure that NEPA compliance was addressed
early in the planning process.

Level of NEPA Documentation

Here the choice was to either to cover all NEPA requirements at
the individual waste site level, or grouping of waste sites
level, or to do a broader level of NEPA documentation that looked



at the overall ERP at the ORR. It was determined that most NEPA
requirements could be handled in waste-site specific
documentation but that the Council on Environmental Quality (CEQ)
regulations, which require that cumulative impacts be evaluated
(40 CFR 1508.7) could best be accomplished by a broader level
NEPA document. Several options were evaluated and an ORR-wide
EIS for the Environmental Restoration Program was recommended as
the preferred alternative. This broader level NEPA document
would cover cumulative impacts as well as some other broader
program-level considerations at the reservation. This broader
coverage document could be tiered from as waste site-specific
documentation is produced.

NEPA/CERCLA Integration

Some DOE Headquarters guidance is provided directly in DOE Order
5400.4 (October 6, 1989) which specifies that "it is DOE's policy
to integrate the procedural and documentation requirements of
CERCLA and NEPA, wherever practical. The primary instrument for
this integration will be the RI/FS process". Further guidance on
integrating NEPA and CERCLA was provided in ORNL/TM-11564
(Levine, et al., 1990) which has been adopted by DOE/HQ.
However, DOE/HQ has not provided written guidance which addresses
NEPA/RCRA integration. The task force found that public scoping
meetings which cover both NEPA and CERCLA requirements, the
addition of socioeconomics and cumulative impacts to the FS
portion of the RI/FS process, and an integrated record of
decision are the key elements to effective integration.
Discussions with DOE/HQ resulted in verbal guidance that NEPA
should be integrated into the RCRA process in a fashion similar
to that of CERCLA. In fact, the ERP at ORR is presently
following this method of integration. An EIS Implementation Plan
was recently completed for the integrated CMS/FS/EIS to be
prepared for East Fork Poplar Creek. This project will integrate
RCRA, CERCLA, and NEPA.

NEPA Compliance as an Early Process

NEPA considerations should be made early in the planning process.
This guidance has been in the CEQ regulations (40 CFR 1501.2) and
part of written DOE policy, as outlined in both the DOE
Guidelines for Implementing the Provisions of the National
Environmental Policy Act (DOE, 1987) and DOE's Draft NEPA
Compliance Guide (DOE, 1988) for some time. SEN 15-90 provided
added emphasis. The task force recommended that the ERP at ORR
identify NEPA milestones as part of the budget process and these
milestones be tracked as specific action items.

One procedural complication which the task force did not
specifically address but which tends to arise is that a decision
has to be made early whether a particular waste site or operable
unit will result in an integrated FS/EIS or FS/EA.
These decisions dictates whether a notice of intent to prepare an
EIS must be prepared and a public scoping meeting held. The



timing of these decisions could well impact the overall project
schedule if they are not made early in the process.

In addition, the impact of terminating the use of Memos-to-File
(MTF) will be more EAs must be produced since the three new
categorical exclusions approved in final form September 7, 1990
(DOE, 1990} will not cover the full range of activities which
were formerly covered in MTF. Procedurally, an EA takes
significantly longer to get approved than an MTF.

PORTSMOUTH STRATEGY DEVELOPMENT

At the Portsmouth Gaseous Diffusion Plant the regulatory drivers
differ significantly from the Oak Ridge Reservation situation.
At Portsmouth, unlike the ORR which is a CERCLA site with
numerous RCRA permit provisions incorporated into a draft FFA,
the plant is primarily a RCRA site and has both a state of Ohio
Consent Decree and a USEPA Administrative Consent Order. For the
purposes of ERP compliance, the site is divided into four RCRA
quadrants. The M & 0 contractor, Martin-Marietta Energy Systems
and its contractor Science Applications International
Corporation, developed the NEPA compliance strategy for the
Portsmouth ERP. Despite these, and other differences such as
size and mission of the plant, the same three basic issues were
evaluated and the conclusions and recommendations of the study
team were very similar to those of the ORR NEPA strategy task
force.

OTHER SITES

The author contacted site personnel and/or acquired draft
strategy documents for some other DOE sites. It is emphasized
that all these strategies are in various approval stages and are
subject to change. Generally, many sites are pursuing a strategy
very similar to the one the Oak Ridge NEPA task force recommended
for the ORR. That is, a facility-wide EIS specific to the ERP
(i. e., a "programmatic" EIS) which will address cumulative
impacts and generic ER issues important at that facility.
Specifically, the DOE sites are proceeding in the following
manner:

FMPC

Six months ago the Feed Materials Production Facility (FMPC) was
pursuing a "lead operable unit" concept' in which the cumulative
impacts of ERP for the entire FMPC site would be evaluated to the
extent possible and included in the lead operable unit NEPA
document (i. e., an EIS on the first operable unit evaluated).
Subsequent operable units would address operable-unit specific
NEPA issues as well as update the cumulative impacts from the
lead operable unit EIS as more information became available.
Recently, this strategy was modified to an RI/FS-wide EIS (i. e.,
a programmatic EIS for the ERP for the FMPC site).



Rocky Flats

The Rocky Flats NEPA strategy is being formalized. Essentially,
the approach is to prepare a programmatic EIS for the ERP at the
Rocky Flats Plant.

Hanford

The Hanford strategy is essentially the same as FMPC and Rocky
Flats.

2NEL

There appears to be no formal strategy for NEPA integration.
Apparently this is due, in part, to the belief that NEPA can be
considered functionally equivalent to CERCLA. The argument that
CERCLA is "functionally equivalent" to NEPA and thus NEPA does
not have to be addressed has been consistently rejected by the
Council on Environmental Quality for all federal agencies except
EPA, which by charter is directed to protect the environment.
CEQ on July 30, 1990 sent EPA a legal opinion reaffirming this
position.

Brookhaven National Laboratory

BNL's approach is to rely upon a 1977 site wide EIS for tiering
(until it is updated) and treat each remedial action as a
separate action and prepare NEPA documentation for it. When the
site wide EIS is updated (by the end of 1995), it will then serve
as the "program-level" NEPA document which addresses cumulative
impacts.

CONCLOSIONS

The implementation of the NEPA process within DOE is under going
rapid change. This change within the Environmental Restoration
Program of DOE is complicated by the need to integrate NEPA into
the CERCLA RI/FS process and analogously the RCRA process. It is
evident that the basic NEPA issues affecting the Environmental
Restoration Program are similar from site to site despite major
differences in the size, mission, or other parameters of the
sites. Various DOE sites are still in the process of determining
an acceptable NEPA strategy for their environmental restoration
programs. To date, many are actively considering some form of
"programmatic" EIS which covers just ERP activities across the
entire site/facility.



Table 1. changes in NEPA procedures under SEN-15-90

Ite» Old procedure/requirement Nev procedure/requirement

Memos-to-file (MTFs)

Categorical exclusions
(CXs)

NEPA implementation

Tracking of commitments
in EISs or RODS

Programmatic and site-
wide EISs

Environmental
assessments (EAs)

Public scoping meetings
and hearings on EISs

Approval authority delegated to
field offices

Approval authority at field
office

"Agencies shall integrate the
NEPA process with other
planning at the earliest
possible time . . . " (general
guidance from CEQ regulations)

No requirement

General guidance on when to
prepare from CEQ regulations

Provided to Headquarters for
review

Optional

Use of MTFs terminated after FY1990.
Approval authority rescinded from field
offices, provided only to Secretarial
Officers.

Field offices continue to approve but Cxs
must be documented to HQ program office and
DH-25 within 2 weeks. "Catch-all" CX is
eliminated. List of Cxs will be
supplemented.

Additional measures adopted to ensure early
implementation (e.g., project reviews,
quarterly status reports, mandatory NEPA
status reporting in internal budget process)

Secretarial Officers must prepare action
plans for implementation of any commitments

EH to develop new agency-wide policy for
development and updating such EISs

Eas must also be provided to the host state
and appropriate adjacent states, which have
14-30 days for comment

Mandatory
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Process Waste Assessments at Production Plants

Michael L. Baker, Martin Marietta Energy Systems, Inc.

Process Waste Assessments (PWA) of production facilities identify those chemical
process operations which cause wastes and, therefore, must be targeted in a site's
waste minimization plan. Such assessments are needed at all Department of
Energy (DOE) production sites. These assessments have been conducted within the
Y-12 Development Division for technical planning in support of the Lithium Process
Replacements (LPR) project and for the development of modernization technologies
for enriched uranium recovery. The PWA procedure is presented as a guide to the
methodology for assessing production operations. Mentioned are raw material usage
summaries, material balances, and sensitivity analyses that are essential for waste
minimization planning. The diversity of production operations does not, however,
allow a rigid formula to be developed for all facilities. For this reason, the
selection of personnel who can interpret and adapt the assessment procedure is an
important consideration and will be briefly addressed.
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SOLID WASTE PREVENTION IN THE COMMERCIAL SECTOR

by
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Abstract

This paper reports the results of a demonstration commercial sector waste
minimization assessment program that was initiated by the City of Lincoln, Nebraska. The
primary goal of the program was to demonstrate the relative ease of implementation and
the effectiveness of waste minimization procedures for a variety of commercial
establishments. Another goal was to demonstrate that, through proper implementation of
waste minimization measures, commercial establishments could improve their economic
return by reducing the cost of disposal of their wastes. The results indicate that there were
significant opportunities for waste minimization in nearly all businesses examined. For
example, analysis of waste samples collected from an insurance company resulted in a
recyclable materials content of about 80 percent. In another case, the recyclable cardboard
content in the waste stream from a snack food manufacturer was estimated at about 50
percent. In both cases, on-site recycling programs were found to be viable alternatives. In
general, waste minimization opportunities ranged from the initiation or expansion of
recycling programs for on-site and off-site reuse to the elimination of a certain waste stream
or waste components. Several problems and difficulties were encountered throughout this
program also are discussed.

1 Associate Professor of Civil Engineering, University of
Nebraska-Lincoln, Lincoln, NE 68588-0531.

2 Professor of Civil Engineering and Director, Center for
Infrastructure Research, University of Nebraska-Lincoln, Lincoln,
NE 68588-0531.

3 Recycling Coordinator, Economic Development Division of the
Mayor's Office, Lincoln, NE 68508.



Introduction

Pollution prevention refers to all activities leading to the reduction of waste generated,
stored, treated, or disposed of by a given business or establishment. Pollution prevention
programs have been successfully implemented by many organizations. Generally, a pollution
prevention program is an organized, comprehensive, and continual effort to systematically
reduce waste generation.

In reducing its generation of wastes, an establishment can save money on raw
material purchases, material handling fees, disposal fees, and other operating costs. In
addition, potential environmental liabilities can be reduced and worker/public health and
safety can be enhanced. Businesses and establishments also can benefit from any
improvements in the general quality of the environment as well as an enhanced public image
resulting from their involvement in pollution prevention activities [OTA, 1986, 1987].

The principal objective behind pollution prevention assessments is the reduction of
waste quantities and possible associated toxicity resulting from industrial or commercial
operations. This paper discusses a commercial pollution prevention project which was
initiated by the City of Lincoln, Nebraska to increase environmental awareness of businesses
and establishments in the City.

Assessment Procedures

Waste minimization assessment procedures generally are divided into three distinct
phases [U.S. EPA, 1988, Went/, 1989]:

1. Pre-assessment,
2. Assessment, and
3. Post-assessment.

The pre-assessment stage is intended to collect information necessary to select waste
streams for the facility audit. Pre-assessment activities include preparation for the
assessment, pre-assessment meetings with facility staff, and waste stream selection. The
assessment phase activities include a comprehensive facility inspection, generation of waste
prevention and minimization alternatives, and evaluation and selection of alternatives for
feasibility analysis. Post assessment activities include technical and economic feasibility
analysis and the generation of appropriate recommendations for achieving the assessment
objectives [U.S. EPA, 1988, University of Tennessee, 1990].

A fourth major activity that should be included in the assessment program is the post-
assessment review. This activity is intended to review and evaluate steps taken in the
implementation of assessment recommendations. Also, it is intended to measure progress



toward achieving the minimization objectives. This phase is not necessarily an integral part
of typical waste minimization assessments. However, it follows as a natural step toward
ensuring that the stated objectives of the assessment are indeed achieved. This phase can
also serve to provide added assistance in implementing the assessment recommendations as
well as evaluation of recommendations that perhaps were not on target and did not yield
their intended results.

The Lincoln Program

The Lincoln commercial waste minimization program was based on voluntary
participation by businesses and institutions within the city. Ten establishments were
recruited to participate in the assessment program. The selection of the establishments was
intended to include a representative cross-section of the commercial activities within ihe
Gty. The general categories of establishments included:

1. General office (insurance company).
2. Printing and publishing.
3. Food (snack) processor.
4. Pharmaceutical Company.
5. Educational institution (community college).
6. Retail outlet (Department store).
7. Wholesale outlet (food products distributor).
8. Community health center.
9. Inn, restaurant, and bar.
10. Small manufacturing company.

Objectives of the Program

The overall goal of this project was to demonstrate the relative ease as well as the
effectiveness of the assessment procedure so that other establishments will become involved
in the effort to minimize waste production. The specific objectives of this program are
summarized as follows:

1. Demonstrate the ease and effectiveness of waste minimization assessments

2. Demonstrate that commercial establishments can improve economic return by
reducing the cost of waste disposal.

3. Increase the life expectancy of the City's newly opened waste disposal facility.



Description of Establishments

In general, each of the commercial establishments that participated in this program
were divided into the following divisions during the assessment planning phase:

1. Administrative and general office area,
2. Shipping and receiving area,
3. Stock room and storage,
4. Production area, and
5. Cafeteria and break-room area.

Each of the above areas varied in size depending on the nature of individual establishments.
As an example, the administrative and general office area, including associated data
processing, etc., was the principal waste generating division in the case of the insurance
company; the stock and storage division was the principal waste generating area in the case
of the food products distributor; and the production area was the principal waste generating
area in the case of the manufacturing company.

During the assessment phase, solid waste samples were collected, sorted and weighed,
whenever possible. Sample collection often was difficult to accomplish because of excessive
contamination in some cases or the inaccessibility of the waste storage containers.
Whenever it was not possible to collect samples, an effort was made to estimate the general
content of the waste with particular attention to its content of recyclables including metals,
paper, and cardboard. These estimates were used in developing economic feasibility
analyses for a waste minimization program in each case.

Example Case Studies

A short description of some of the facilities assessed during this program and a
summary of major recommendations made in each case are presented below. Many aspects
of the establishments examined were similar and consequently many of the
recommendations are similar.

1. General Office.

The general office category was the regional office of & nation-vide insurance
company. This is a service organization with an advanced system of record keeping and
document processing which requires a considerable amount of paperwork. Therefore, paper,
cardboard, and related office materials were identified early in the program as the
organization's prominent solid waste streams. It was noted that this facility was recycling



photochemical and photographic film.

During the assessment meeting, samples were collected from all areas within the
office complex. Each of the waste samples was divided into non-recyclables (e.g. plastics,
paper, misc.) and recyclables (e.g. cardboard, paper, computer paper, etc.). Table 1 displays
a composite summary of data collected from this office complex. The final results indicated
that nearly 81 % of the samples collected probably were recyclable. The remainder was
either clearly non-recyclable or deemed to be of a low readability rating.

Upon further analysis of the total amounts of solid waste generated at this facility,
a series of specific recommendations and suggestions were made and forwarded to the
management of this facility. These recommendations and suggestions included the following:

1. Designation of a pollution prevention coordinator

2. Establishment of a program for employee education and involvement in a proposed
pollution prevention project.

3. Development of a pollution prevention and minimization program with emphasis on
source separation of waste materials including specific recommendations concerning
the mechanics of the program such as the convenient placement of recycling
containers and the integration of recyclables collections with the current solid waste
collection schedule.

4. Modification of facilities procurement policies to promote recycling including the use
of recycled office paper and other paper products, use of permanent wares in the
cafeteria and break rooms, and establishment of policies to minimize packaging as
well as reuse of packaging materials such as polystyrene fillers.

5. Discontinuing of the practice of collecting lawn clippings for disposal or reuse of
these materials as mulch.

2. Printing and Publishing

This organization prints law journals, textbooks and periodicals. The majority of the
solid waste generated by this establishment is composed of high grade paper and cardboard.
Since most of these materials currently are being recycled at this establishment, one of the
main waste concerns was the handling of spent processing chemicals and supplies. An office
waste recycling program also was of interest. This facility was involved in a significant paper
recycling program in which waste r>aper was being sold to a local recycler. In fact, it was



indicated Ly the management that approximately 70 percent of all waste quantities produced
on site were being recycled.

As in the previous case, at the conclusion of the assessment meeting, random waste
samples from all areas were collected and analyzed. Table 2 displays a summary of the
results. As seen, nearly 54% of the samples collected were recyclable.

As in the previous case, upon further analysis of the total amounts of solid waste
generated at this facility, a series of specific recommendations and suggestions were made
and forwarded to the management of this facility. Some of these recommendations were
similar to the previous case including the designation of a waste prevention coordinator and
an employee education program. Additional recommendations unique to this facility
included the use of non-toxic, "employee-friendly" solvents and other industrial fluids used
to clean and lubricate equipment as well as the use of recyclable industrial shop towels
instead of paper towels.

Table 1. Summary of solid waste analysis from the general office facility.

DEPARTMENT

ACCOUNTING

MAIL ROOM

DATA PROCESS

TOTALS

NON-RECYCLABLE (Lbs)

plastic

...

1.0

...

1.0

disc.

1.5

...

2.5

4.0

paper

2.5

4.0

1.0

7.5

NON-RECYCLAfiLE ' 12.5 lbs

RECALLABLE (Lbs)

cardboard

.5

4.5

2.5

7.5

paper

5.5

16.5

11.5

33.5

computer

3.0

...

0.0

11.0

RECYCLABLE « 52 lbs

Table 2. Summary of solid waste analysis from the printing and publishing facility

DEPARTMENT

Administrative

Printins

finding

TOTALS

NON-RECYCLABLE (lbs)

plastic

...

.5

3.0

3.5

ni sc.

2.5

2.5

3.5

a.5

paper

5.0

3.0

1.0

9.0

NON-RECYCLABLE « 21.0 lbs.
46.7 Percent

RECYCLABLE (lbs)

cardboard

.5

...

5.5

6.0

paper

5.0

7.0

4.5

16.5

conputer

1.0

.5 1
1.5

RECYCLABLE • 24.0 tbs. 1
53.3 Percent 1



3. Food fSnack) Processor.

The food (snack) processor employs about 110 people including about 17 office and
supervisory personnel. This company manufactures and markets three principal products
based on various combinations of caramel popcorn and different mixtures of nuts. A
substantial amount of the waste generated at this facility is made up of product waste
produced during processing (including significant quantities of un-usable corn and product
spills) and materials lost or wasted in the packaging process (including cardboard and
product bags). These components were estimated to make up more than 50 percent of the
materials deposited in the waste container. This facility currently recycles most of the un-
used corn by selling it to a local animal feeder. However, little of the product lost during
processing or packaging is recovered. No other recycling programs existed at this facility.

A pollution prevention program was suggested to the management including the
designation of a pollution prevention coordinator and an employee education program. The
major recommendations centered on a program of combined equipment maintenance and
employee training to minimize product '"aste as well as waste paper and cardboard
produced during product packaging. Also, it was recommended that a proper housekeeping
program should allow most of the product lost during processing and packaging to be
incorporated into the waste corn currently being recycled.

4. Pharmaceutical Company.

This facility employs about 300 full-time personnel in its operations. The company
is a world leader in the manufacturing of pharmaceutical products and formulations sold
as over the counter drugs. Pharmaceutical product waste, packaging wastes, and office waste
were identified during the assessment phase as the waste streams of major consequence at
this facility. This facility currently has an extensive cardboard recycling program. However,
most waste products, nearly all of which are not toxic are being shipped for incineration at
a distant facility.

The pollution prevention and minimization program proposed to the management
of this facility included the designation of pollution prevention coordinator and an increased
employee education program. The major recommendations included expansion of current
cardboard recycling program to include an office paper recycling program since the general
office operations at this facility were sizeable. A recommendation to investigate the
potential of land application or composting of product waste was made. This
recommendation was justified by the fact that most of the product waste was made up of
sugars and other non-toxic materials.



5. Educational Institution (Community College).

The community college that participated in this waste minimization program employs
about 210 full-time personnel in its operations and serves about 1500 full-time students,
about 4000 part-time students, and about 4000 citizens in the adult and continuing
educations programs. This institution provides specific training for technical and trade
occupations. The diversity of training provides for a similar diversity of waste streams.
However, the consistent majority of wastes generated at this facility are in the form of paper
and cardboard. These waste streams were identified early in the assessment phase as the
waste stream likely to be of major importance.

The pollution prevention and minimization program suggested for use by this facility
was analogous to previous cases. The recommendations made to this facility centered on the
establishment of an extensive office and cardboard recycling program, the recycling of wastes
generated in the industrial education areas such as metal pans produced in the welding and
automobile repair shops, and the use of permanent wares in the college cafeteria and snack
shops.

Discussion

Because the Lincoln demonstration program was based on voluntary participation by
businesses and institutions, several common characteristics were observed. These may have
been different had the program been based on random selection of businesses. All of the
establishments were initially and clearly committed to waste minimization, nearly all of them
had some waste minimization programs already in place, and believed they could achieve
additional benefits by participation.

Because the general nature of the establishments that were investigated under this
program, several of the resulting recommendations were common to all establishments.
These recommendations included the necessity of starting a pollution minimization program
at each business and institution including the designation of pollution prevention
coordinators, programs of employee education and training, office paper recycling programs,
and the use of recycled materials including paper products.

Despite the management prior commitment to the program, some problems became
evident as the program progressed. One major problem was the difficulty of obtaining data
of sufficient accuracy regarding waste tracking and quantities to demonstrate the economic
effectiveness of the waste minimization program. This problem may have been precipitated
by several reasons including:

1. The City is currently served by numerous private waste haulers that collect waste
from multiple sources on any given day, thus making waste quantities from any one



location difficult to estimate.

2. The reluctance of businesses to reveal data that may be directly related to business
economic decisions.

Another problem was the fact that while most businesses had systems of product and
inventory control, many had no mechanisms of waste tracking or control. Consequently, no
actual data concerning waste generation or disposal were readily available. These problems
tend to somewhat frustrate the task of economic evaluation and may render the resulting
recommendations as strong as otherwise would have been had such data were available.

Conclusions and Findings

Based on this study, the following conclusions and findings could be made:

1. The commercial sector is responsible for the generation of considerable quantities
of solid waste. Data collected during this study indicated that a considerable fraction
of these waste; is directly recyclable. In one case, a general office operation, the
recyclable fraction approached about 80 percent of the total waste generated.

2. All businesses and institutions could benefit from the establishment of a pollution
prevention and minimization programs. Some of the essential elements of such
programs were common such as the designation of pollution prevention coordinators,
the establishment of programs of employee education, and systems of incentives to
encourage adherence to the programs. Other general elements of each program
were the use of permanent wares, where appropriate, and the use of recycled
materials including paper products and other materials.

3. In some cases, the role of basic good operating practices such as equipment
maintenance and good housekeeping were found to make a significant impact on the
success of the waste minimization objective.
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Abstract

This paper describes methods being employed at several military installations to minimize
hazardous waste generation associated with painting operations. Technologies and methods addressed
include: improved inventory control; use of abrasive stripping to replace solvent-based stripping; the
substitution of molten metals and dry powder coatings for solvent-based paints; and measures for
reducing cleanup solvent wastes. A description of these technologies and their potential impacts are
provided. Examples of current military applications of these technologies are presented.

Introduction

Painting operations are historically one of the most waste-intensive operations at defense-
related manufacturing and maintenance facilities. From the removal of old paint to the application
of new top coat, significant volumes of hazardous wastes are produced when conventional techniques
are used. However, techniques and materials that greatly reduce and, in some cases, eliminate
hazardous waste generation are finding increased application in DoD and defense contractor painting
operations.

This paper highlights several painting waste minimization measures now in use. It is drawn
from observations and research conducted by the authors at over 40 defense installations as part of
DoD-sponsored waste minimization studies. The views presented in this paper are those of the
authors; they are not intended to represent the views of DoD or any of its components.

Inventory Control

Surveys of waste sources at maintenance facilities often reveal inadequate paint inventory
control to be a major cause of hazardous waste generation. Paints used in military applications
typically have shelf lives of one to two years. Because of their solvent and/or metal content, unused
paints with expired shelf lives oft?n become hazardous wastes and require disposal by incineration.
Through improved inventory controls and use of existing shelf-life extension procedures, significant
reductions in such wastes can be realized.

Shelf-life expirations can usually be traced to a lack of communication between the end user
and supply. Several such scenarios have been noted. For example, a paint type is changed without
notifying supply, which continues to order new unusable paint based on previous use records. Even
more common is the scenario where a shop, fearing an inadequate supply of paint, orders a six
months' supply at a time and attempts to keep this stock in its paint lockers. However, the shop finds
that its entire six-months supply has only four months remaining sheif iife when received. The result:
one-third of the shipment becomes a hazardous waste.



In both of these examples, improved user-supply communications can greatly reduce the
problems noted. To assure availability most large maintenance facilities with multiple shops and a
central supply have programs that calculate typical monthly demand and order in advance of an end-
user's need. Upcoming paint changes should be communicated to supply six month's in advance of
a change to avoid overstocking. Similarly, ordering several months* supply at once can result in the
supply department's not recognizing an item as a routine use item. Supply then fails to keep the paint
in routine stock, perpetuating the user's perception that it needs to keep several months worth of paint
on hand in the shop.

Even in the best of circumstances, shelf lives will occasionally expire for paints in stock.
However, most military specifications allow the shelf life of a paint to be extended by qualified
personnel through simple visual inspection of the paint. While large supply departments routinely
exercise this technique, shop stores and end users are often unaware of the process and simply discard
the outdated paint as hazardous waste. Training the end users, on shelf-life extension procedures can
have marked effects on waste generation rates.

Abrasive Stripping

Abrasive stripping techniques can be employed as an alternative to chemical paint stripping.
Historically, the favored approach for removing paint from a unit to be repainted has involved the
application of a methylene chloride stripping agent. Loosened paint and stripper are then rinsed from
the unit using a water spray. While effective, this technique can generate enormous quantities of
hazardous waste and generally requires significant on-site waste management systems.

As an alternative to chemical stripping, abrasive stripping technologies can improve
productivity, minimize waste generation, and reduce operating costs. Conventional sand blasting and
glass bead blasting are used extensively to remove paint and rust from metal surfaces. However, the
applications of these techniques are limited because the abrasive media (sand and glass) can damage
some aluminum, fiberglass and steel parts. Other abrasive stripping practices employing softer media
(e.g., rice hulls) can be used where sand or bead blasting are not suitable. Akhouch these soft
materials are effective, their recycle is not feasible and bacterial growth during storage may represent
a health hazard to users.

A recency developed abrasive stripping technique is the Plastic Media Blasting (PMB) system,
a modified sand-blasting system. The PMB system consists of a fully ventilated enclosure, pressure
vessel, pneumatic recovery system, reclamation unit, media chamber, and dust collector. In the
process, angular plastic beads are blasted by compressed air through a hose and accelerated through
a nozzle to the painted surface, causing the coating to dislodge. Blasting is typically performed at a
relatively low nozzle pressure (<40 psi) with media feed rates of 5 to 20 pounds per minute. The
blasting debris are collected and conveyed to the reclamation unit which consists of a cyclone
separator and a vibrating screen separator. The plastic media is separated from the loosened paint
particles by sieving and the beads are recycled. Media can be recycled on an average of 10 to 20
times before it is too small to effectively remove paint.

Plastic Media Blasting eliminates the generation of wet hazardous waste (solvents and liquid
paint sludge) associated with chemical stripping. A small volume of dry waste is produced which may
be classified as hazardous based on the metal content of the dried waste. Waste reductions greater
than 95% are achievable through PMB.



The potential savings associated with PMB stripping are substantial. Studies performed for
DoD have shown that conversion to dry media paint stripping techniques would achieve annual
savings greater than $J 00 million. Although the ilastic media used is relatively expensive (costs rang?
$1.45 to S 2.00 per pound), this high cost can be offset by recycling the plastic media.

At Hill Air Force Base where it was originally developed, PMB has been used widely on high
strength composite surfaces, aluminum and fiberglass. As an example of the efficiency of the
method, PMB has reduced the resources and time required for stripping an F-4 aircraft from 240
work-hours over a week to 24 work-hours over a 6-hour period. Other current applications of plastic
media blasting include:

A-7 Aircraft Missiles Air ground equipment (AGE)
F-15 Aircraft A-10 Aircraft Rocket booster
F-16 Aircraft C-5 Aircraft Shuttle components
OV-10 Aircraft C-130 Aircraft Military vehicles

Adequate training of operators is necessary in order to utilize the PMB technique effectively.
The blasting pressure at the nozzle, the distance of the nozzle from the workpiece, the angle at which
it is held, and the abrasive type and mesh are important considerations in setting up an effective PMB
system.

Thermal Spraying of Molten Metals

Several thermal spray methods have been used successfully to apply wear- and corrosion-
resistant coatings to metal surfaces. In many situations these methods can provide excellent, waste-
free alternatives to conventional solvent-based primers. Among these methods are wire flame sprays,
electric arc wire spray, and powder flame spray.

In the wire flame spray process, an oxy-fuel gas flame melts a continuously fed wire stock.
A stream of air atomizes the molten metal and projects it onto the workpiece surface. In the electric
arc wire spray process, two intersecting consumable wire electrodes are fed into the spray gun where
they form a high temperature electric arc. As the metal melts, it is atomized by compressed air and
projected unto the workpiece. In powder flame spray techniques, similar systems are used, however,
the metal feed stock is powdered instead of a formal wire.

The molten metals formed by these processes typically cool at a rate of 107 °C/sec. The
coating structure formed consists of splat quenched droplets layers that solidify together to form the
coating. Inherent advantages of flame spray techniques are low operating costs, relatively easy
operation, and high bond strengths. Thermal spraying completely eliminates hazardous waste
generation and VOC emissions associated with cleanup solvent and paint thinner usage.

The Pearl Harbor Naval Shipyard (PHNSY) in Oahu, Hawaii is currently using both wire
flame spray and the electric arc flame spray techniques in its corrosion control operations. By
employing thermal spraying systems, waste generation has been eliminated, labor requirements have
been reduced by 35%, and material costs have been lowered significantly. Parts primed with thermal
spray techniques are providing three to five years additional coating life with only two coatings when
compared to similar parts receiving five coats of paint primer.



Some typical current applications of thermal spraying are:

Steam valves Rigging fittings
Valve piping S'acks
Dry-dock gratings Boiler casings
Auxiliary exhaust Machinery foundations

Powder Coating

The development of powder coating, often referred to as 'dry powder coating,' represents a
major advances in painting technology. This technique involves the application of either
thermoplastic or thermosetting heat-fusible powders on to metallic substrates. Both types can be
substituted for conventional solvent-based paints to virtually eliminate hazardous waste generation
as well as VOC emissions.

Thermoplastic coatings, such as nylon, vinyl, polyolefins, and fluorocarbons, melt when heat
is applipd. They usually require a primer to promote adhesion to the part being painted.
Thermosetting coatings are lower molecular wei^nt resins which react chemically when heated to form
a continuous film of a high molecular weight polymer. Once cured, thermosetting coatings will not
remelt. Epoxies, acrylics, polyesters, and hybrid combinations are available in thermosetting coatings.

In dry powder coating systems, the paint is generally sprayed onto the workpiece with
compressed air. The workpiece is then cured in an oven at 350" to 500° F. In electrostatic dry powder
coating, a commonly used technique, the air and the suspended powder are ionized by an electrode
in the spray gun. The workpiece surface carries an opposite charge to promote adhesion of the
powder to the surface.

Powder coating is gradually gaining acceptance as an efficient and environmentally-superior
method. With powder systems, material utilization efficiencies greater than 95% can be achieved as
compared to efficiencies of 25% to 85% for solvent-based paints. In addition, energy and labor costs
are significantly lower. However, the use of dry powder is limited to work pieces able to withstand
typical curing temperatures. Military applications of dry powder at present include naval shipboard
equipment and certain missile bodies produced by Hughes Aircraft. Extensive adaption of powder
coating to other military needs is anticipated as its advantages become better known.

Plural Component Painting Systems

When using two-part paints with limited pot lives, such as epoxies, it is routine practice to
mix more paint than is necessary to conduct the job. Upon completion of the job (or when to pot life
span is reached) the excess paint must be discarded and the equipment in which it is in contact broken
down and cleaned. Plural component paint delivery systems can effectively reduce his cleanup waste
by mixing the two parts of the paint on-demand as needed. No excess paint is mixed and no pot
requiring cleanup is used.

Plural component paint systems provide precise metering of the base and catalyst delivered
to the paint gun. Each flows in separate lines to the hand-held gun portion of the system where they
are mixed as the trigger is released. Only a couple of ounces of mixed paint remains in the system
when the trigger is released, effectively minimizing overmixing and cleanup requirements. Hazardous
waste generation is typically reduced by 75 percent or more. In addition, labor and materials use rates
are reduced.



Because currently available plural component systems are quite expensive ($50,000 and up)
they are only cost-effective in certain situations, such as assembly-line painting. For example,
General Dynamics in Fort Worth, Texas has effectively used a plural component system in its F-16
assembly line. Some manufacturers are reportedly developing smaller, less expensive systems for use
in a wider array of situations. When available, these systems should extend the applicability of this
technique to many more defense applications.

Paint Pot Liners

A major source of waste generation in painting is the cleanup of spray gun equipment. The
spray guns are usually rinsed with solvents after use to remove all painting residues. The resulting
waste is generally hazardous and must be treated by incineration or recycling. Disposable plastic
liners, available for most spray gun paint reservoirs (pots) over one gallon in size effectively reduce
the amount of solvent waste generated in cleaning by reducing paint/equipment contact.

The liners are inserted in the paint reservoir prior to adding paint. After completion of
painting operation, the liner may be removed, allowed to dry and (provided the dried paint is not
itself hazardous) disposed of in the trash. Only the dip tube and the spray nozzle assembly contact
the paint and require solvent cleaning.

Waste generation and operating costs associated with spray painting operations can be
significantly lowered with use of paint pot liners. Solvent usage may decrease by 80% in cleanup
operations. Savings are realized through decreased solvent usage and decreased disposal costs.
Operating costs include the cost of paint pot liners which may be up to $1.00 each. Paint pot liners
ire used successfully at many installations performing large scale painting operations such as Boeing
in Lake Charles, Louisiana where KC-135 aircraft are repainted.

Solves; Recovery Systems

Paint equipment is generally cleaned by liberal flushing with solvents such as methyl ethyl
ketone and toluene. Inexpensive, off-the-shelf distillation systems can be used to virtually eliminate
this waste by capturing the cleanup solvent for reuse. While the recovered solvent will not typically
meet military specifications for use in paint thinning, it can be reused to clean the painting
equipment. Up to 80 percent reductions in paint waste streams can be achieved through distillation
and reuse of the cleanup solvents.

Development of successful solvent recycling programs require careful consideration of
equipment specifications, waste segregation, and recovered solvent distribution. Selection of an
appropriate system depends upon the type of materials to be recovered, required capacities, space
availability, and other special features. Solvent recovery systems are commercially available with
capacities ranging from 5 to 500 gallons per day. Both manual and automatic operation units are
available.

The economics of on-site solvent distillation and reuse are generally quite good. Start-up costs
generally being around $15,000 and payback periods rarely exceed two years. Operating costs for
fully automated systems are approximately $0.20 per gallon processed. Because numerous distillation
systems are available on the market, care must be taken to assure that the selected system fills the
facility's particular needs.
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INTRODUCTION

Waste minimization activities at DOE facilities have
increased significantly since the promulgation of DOE
Order 5400.1, General Environmental Protection
Program, and its implementation guidance (DOE 88a,
DOE 88b). In addition to establishing requirements
for reporting, training, and goal setting, DOE Order
5400.1 calls for increased emphasis on technology
development for waste minimization. This call for
technology development is echoed in the DOE
Environmental Restoration and Waste Management
Five-Year Plan and the subsequent Applied Research.
Development. Demonstration. Testing and Evaluation
Plan (DOE 89a, DOE 89b). As a result of this
heightened emphasis on waste minimization, the DOE
Office of Technology Development (OTD) (the DOE
office responsible for applied research and
development programs) has received a large number
of proposals from the operating facilities.
Collectively, these proposals seek funding that
exceeds the OTD budget The large number and
diversity of proposals mat OTD must evaluate and
prioritize increases the complexity of the proposal
evaluation process.

The existing DOE funding process begins with the
operating facilities submitting proposals to the
appropriate DOE field office. Proposals describe the

anticipated benefits of the project and the budget
required for its implementation. Proposals are
generally qualitative in nature (except for budget
estimates) and are often returned to the operating
facilities for additional information or clarification.
The proposals are compared and evaluated by DOE
headquarters staff using subjective judgment and are
prioritized for funding purposes based on the
perceived value of each proposal with respect to the
agency's objectives. This system of evaluation and
prioritization has become increasingly difficult to
manage and defend because of the large and growing
number of proposals that are submitted to DOE each
year. For example, OTD evaluated over 1000
proposals for fiscal year 1990 (FY90).

With these issues in mind, Sandia National
Laboratories (SNL) and ERC Environmental and
Energy Services Company (ERCE) developed and
demonstrated an enhanced proposal evaluation and
prioritization process that can support DOE funding
decisions. The evaluation and prioritization process
outlined in this paper provides a defensible, auditable,
and consistent method for selecting those waste
minimization proposals that maximize the benefits to
DOE while maintaining costs within the agency
budget



EVALUATION AND PRIORITIZATION
METHODOLOGY

Six major steps constitute the overall evaluation and
prioritization process:

1. Develop evaluation criteria,

2. Develop a project scoring system,

3. Assign relative importance to tbe evaluation
criteria and the scoring system,

4. Collect the proposal data,

5. Apply a prioritization technique, and

6. Optimize the allocation of funds to maximize
the cumulative benefit.

Figure 1 illustrates how these major steps in the
methodology are interrelated.

Evaluation Criteria Development

Evaluation criteria provide a means for organizing the
various types of information describing proposed
waste minimization activities. The criteria are
organized in a hierarchy with the top-level criteria
providing broad, logical groupings. These criteria are
subdivided into lower-level criteria that have more
focused areas of interest Criteria are successively
subdivided until a level is reached where individual
answers from the data collection process can be
introduced into the hierarchy through the proposal
•coring system.

Five top-level evaluation criteria were used in the test
case (listed in arbitrary order):

• Economic Feasibility,

Effect on Environmental, Safety, and Health
Issues,

• Effect on Operational Issues,

• Effect on Intangibles, and

• Technical Risk.

Three or four levels of more detailed criteria were
developed under each top-ievel criterion. Although
the top-level criteria may also be applicable to other
technology areas (e.g., groundwater contamination,
waste segregation, etc.), different lower-level criteria

must be developed in order to apply the overall
evaluation and prioritization method to other issues.

Proposal Scoring System

One of the difficulties in comparing a diverse group
of proposed activities is translating data describing
each proposal into common units so that rational
comparisons can be made. Furthermore, if a scale
does not exist to measure the "good" or "bad" that
will result from a proposal's implementation,
judgments about its value must be made in an
arbitrary manner. The proposal scoring system
presented here addresses these issues and provides a
defensible method for translating bom quantitative and
qualitative data into comparable units. This system
also provides a way to measure the positive and
negative characteristics of a proposal.

"Summary findings" are used to measure each
proposal with respect to the evaluation criteria.
Summary findings are declarative statements about the
lowest-level (terminal) evaluation criteria used to
characterize a proposal. For example, if a terminal
criterion addresses the rate at which a process
generates hazardous waste, a summary finding is
developed and applied consistently to all proposals to
measure the proposed reduction in hazardous waste
generation. A summary finding is developed for
every terminal evaluation criterion in the hierarchy.
Figure 2 presents an example of one of the summary
findings used in the test case.

A total of fifty summary fl -dings were applied in the
test case application of the methodology. Responses
to the summary findings (represented by whole
number scores ranging from "1" to "S") are selected
basrd on direct reference to specific quantitative data
or a subjective interpretation of many different data
items collected about a proposal. In all cases, the
response "1" represents the worst possible outcome
and "5" represents the best.

Assigning Relative Importance

Evaluation criteria and summary findings must be
prioritized so that some attributes of proposals receive
mare importance than others. A decision maker
addressing this issue must Bate clearly ordinal
preferences for particular evaluation criteria and
possible summary finding responses. For example, a
decision maker may determine that the Economic
Feasibility criterion is more important than the
Technical Risk criterion, and so on. However, this
ranking scheme does not address bow much more
important one evaluation criterion or summary finding



Figure 2. Summary Findings Used to Test Case

If the proposal is successfully implemented1

The me at which the specific
process generates hazardous waste will

1 • increase significantly (> 23%)
2 • increase moderately (5% to 25%)
3 m n y the same
4 * decrease moderately (5% to 25%)
5 B decrease moderately (> 25%)

1 2 3 4 5

response is than another. The concept of "relative
importance" takes this important issue into account by
indicating the difference between the evaluation
criteria and the summary finding responses in ranked
order (i e., criteria "X" is 2.5 times more important
than criteria "Y").

Assigning relative importance involves answering a
structured set of comparative questions about the
attributes of each proposal. The personal computer
software program Expert Choice was used to help
assign the relative importance to the evaluation
criteria and summary findings for the test case.
Expert Choice applies the analytic hierarchy process
(AHP). a proven methodology for assessing the
relative merit of competing options. In the test case,
•D evaluation criteria and all possible responses to the
SO summary findings were weighted by the authors
for illustrative purposes.

AHP is well suited for translating the opinions of a
decision maker about a diverse set of topics into
separate, numerical ratings that can be compared and
combined into a figure of merit for each proposal.
The Expert Choice program translates the pairwise
comparisons that are made about each set of sibling
evaluation criteria into numerical weighing factors.
Likewise, the program calculates fractional scares for
the summary r • jjg responses. These weighing
factors end fractional scores are the basis for
•cigning priority to competing proposals. (It should
be noted that the AHP methodology used in the test
O K sod, in particular, the Expert Choice program, is
only one of several ways to assign relative importance
to the evaluation criteria and to the summary finding
responses.)

Data Collection

To thoroughly characterize the costs, risks, and
benefits of the proposed waste minimization activities,
quantitative and qualitative data should be collected.
The data must address all important aspects of the
waste minimization proposal;; and must be collected
at an appropriate level of detail. More specifically,
data must be collected that address the evaluation
criteria and summary findings. The data collection
process must also be audiiable and demonstrate a
clear path to the decisions mat ere subsequently made.
Finally, data collection must be performed in a timely
manner so that the usefulness of the entire evaluation
and prioridzation process can be preserved. Table 1
presents some of the quantitative and qualitative data
that were collected or estimated in order to
characterize the waste minimization proposals studied
in the test case.

In the test case, data were collected at the DOE
production facilities through a series of interviews
with plant personnel responsible for the proposed
waste minimization activities. Personnel from
manufacturing, waste management, data management,
and administration were interviewed to obtain a
variety of information about the proposed activities.
Laboratory personnel who have design responsibility
for the facility components that will be affected by
the proposed activities were also interviewed.
General questions covering broad topical areas, such
as "What effect will the proposed waste minimization
•cavity have on hazardous waste generation?" and
"What is the likelihood that the proposed activity can
be successfully implemented?" were explored. The
answers to these questions were recorded in logbooks.
Later in the analysis, telephone conversations with
plant personnel were used to supplement the data
collection process if clarification or additional
information was required.
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Table 1. Types of Data Collected in Test Case

QUANTITATIVE QUALITATIVE

1. Cost to Implement Proposal 1. Effect on Weapon Reliability

2. Time to Implement Proposal 2. Effect on Weapon Safety

3. Volume of Hazardous Waste 3. Effect on Community Relations

4. Number of Workers Exposed

5. Toxicity (lethal dose)

6. Activity (mrem/hr)

4. Likelihood of Successful
Implementation

5. Applicability to General Industry

6. Operational Disruption if Proposal
Fails

Priorft!TPtioD Technique

Proposed activities are rated numerically by
aggregating the fractional scores associated with each
summary finding response and the weighing factors
that were assigned to the evaluation criteria. All
mathematical operations for the test case were
performed automatically by the Expert Choice
software program. This approach results in a score
(or figure of merit) for each proposed waste
minimization project. The score represents the
cumulative benefit that a proposal will bring to DOE.
Priority can be assigned by listing proposals in order
from highest to lowest scores. Proposals with the
same score can be arranged in arbitrary groups.

Optimal Allocation of Funds

Once a prioritized list of proposed waste minimization
activities has been created, the final step is to allocate
die available budget to the best set of projects. If the
ultimate goal of the evaluation and prioritization
process is to select, from a large and diverse set of
waste minimization proposals, the set that maximizes
DOE benefit within a limited budget, all possible
combinations of proposals must be considered before
an optimal set is identified. (A corollary so this
argument is that there is no inherent reason why the
project with the highest figure of merit should always
be selected for funding.) The method used to produce
an optima! allocation of funds is a version of linear
programming called "zero-one linear integer
programming." Linear programming techniques are
well understood and have been developed previously
for DOE to allocate funding among competing

projects (Ho 89). These techniques are easy to use
and can accomplish exhaustive computations rapidly.

To implement the linear programming approach for
proposed waste minunization projects, four types of
information are needed:

1. A score (or benefit measure) for sach
proposed project,

2. The overall budget for waste minimization
activities,

3. The annual cost of each proposed project,
and

4. An explicit description of the funding
constraints that will be imposed on the
process.

A single, comparable score for each proposed activity
is necessary if the linear programming approach is to
be used. Whether it is computed using decision
support software or arrived at through the subjective
judgment of the decision maker, the score of each
project must ultimately be expressed in the same units
(or as a unitiess value).

The overall budget for waste minimization activities
is another essential dement in the linear programming
approach to this problem. The budget should consist
of all possible funding sources that will be used to
support waste minimization projects. A total budget
figure provides the fundamental constraint that cannot
be violated.



Another type of information required for toe linear
programming approach is the annual cost to
implement each proposal. Annual cost figures are
necessary to allow a consistent means of comparing
projects with widely dissimilar funding requirements.
Describing projects by their annual costs also provides
• way to measure the rate at which the anticipated
benefits are introduced into the DOE system.
A«j»nning that the incremental benefit provided by a
proposal is proportional to the incremental cost of the
project, it is possible to subdivide the total benefit
into annual portions that correspond to the annual
cost Thus, two proposed projects that have the same
score and total cost to implement may not be assigned
equal funding priority because of the tuning of the
costs and benefits.

Finally, it is necessary to know any additional funding
constraints (other than the total budget limit) that
must be observed. Additional constraints are explicit
rules that must be met when the funding is allocated.
For example, one constraint might be that the total
funds allocated to basic research projects must
constitute between 5 and 6 percent of the total budget.
Another constraint might be that every DOE facility
must receive at least $1 million in funds. Of course,
all constraints must be acceptable to the ultimate
decision maker. Any number of funding constraints
are acceptable, but each must be expressed in
mathematical terms.

TEST CASE APPLICATION

Two research and development programs currently
supporting changes to nuclear weapons manufacturing
processes were investigated using die aforementioned
methodology -- (1) the elimination of an acid rinsing
process at the Rocky Flats Plant, Golden, Colorado
and (2) the development and demonstration of a less
hazardous potting material at the Pinellas Plant,
Largo, Florida.

Rocky Fiats Test Case Study — Reservoir Rfa«tog

One of the major manufacturing activities at the
Rocky Flats Plant is the production of stainless steel
letovoirs and their connecting hardware. Reservoirs
•re produced by a series of turning, drilling, and
grinding steps using standard machine tools. No
nuclear material is used in these processes. Currently,
reservoir components are rinsed using an automated
immersion system consisting of leveral tanks
containing nitric acid, hydrofluoric acid, aqueous
detergent, and deionized water. The historical reasons
for this multi-step rinsing process are to enhance the
non-permeability characteristics of the stainless steel

and to prepare the attached stem tubing for future
welding operations.

Approximately 2000 gallons of concentrated acid
(nitric and hydrofluoric) are discarded from this
process annually. Furthermore, the deionized water
in some rinse tanks quickly becomes contaminated
with residual acid carried from bath to bath by the
stainless steel components. The contents of these
tanks must be continually replenished with fresh
deionized water. This requirement leads to the
creation of about 800,000 gallons of hazardous acid
waste each year.

The waste minimization proposal at the Rocky Flats
Plant is designed to determine whether or not the
nitric and hydrofluoric acids used in the rinsing
process can be eliminated. The goal of this program
is to demonstrate that rinsing with aqueous detergent
and deionized water alone is acceptable. If this waste
minimization project is successful and acid is
eliminated from the reservoir-rinsing procedure, the
Rocky Flats Plant will reduce the annual amount of
hazardous acid waste currently generated at the plant
by about 5 percent. The tangible benefits that are
anticipated from this process change are the savings
in process related and waste management costs.
Process-related savings in manpower was estimated at
about $57,000 per year. Larger savings, however,
will most likely be associated with the handling,
treatment, storage, and disposal of the 800,000 gallons
of hazardous acid waste generated in die process each
year. These costs could not be determined for the test
case, but qualitative information describing these
benefits were collected.

The primary risk (or, more precisely, the most
damaging potential consequence) associated with
changing the existing acid rinsing procedure is that
reservoirs may experience rinsing-induced welding
failures or develop permeation problems while in the
weapons stockpile. Reservoirs ere used in all current
weapons systems and all reservoirs are rinsed using
the same process. Therefore, any change to the
rinsing process introduces a potential common-mode
failure that could have widespread consequences. The
potential consequences of reservoir failure in the
stockpile are very large.

PineUas Test Case Study - Magnetic Component

The second proposed waste minimization process
change evaluated in die test case involves the
development and testing of a less hazardous material
to replace a substance suspected to be a human
carcinogen currently used in the potting of magnetic



components it the Pinellas Plant Although this
process change will not decrease the rate at which
tazardous waste is generated at the plant, a reduction
in toxicity will mitigate present and future human
health and environmental risks.

The Piodlas Plant produces electronic and neutronic
components used in many nuclear weapons systems.
One of the procedures at the plant involves the
potting (encapsulation) of four types of components
ID form nbassembiies: magnetics, neutron generators,
thermal batteries, and transducers. Potting is a
manual operation performed by workers under fume
hoods and wearing gloves and masks. The potting
material, which is a mixture of an epoxy, a Slier
material, and a curing agent, is mixed by the same
workers performing the potting operation. The curing
agent, called Shell Z hardener, contains
metbylenedianiline (MDA), a compound that has
recently been recognized by the EPA as a potentially
carcinogenic substance. Based on the EPA findings,
the Occupational Safety and Health Administration
(OSHA) has established extremely low worker-
exposure limits for MDA. Although the potting
operation using Shell Z hardener could continue if
stricter handling procedures were followed (e.g.,
additional protective clothing, respirators, mandatory
showers, etc.), the management of the Pinellas Plant
is committed to replacing Shell Z hardener with a less
hazardous material

If a new potting material using Ethacure 100 can be
developed for magnetic components, a suspected
carcinogen will be eliminated from the workplace and
the risks to human health and the environment will be
reduced. The toxicity of DETDA, the active
ingredient in Ethacure 100, is considered low to
moderate if ingested internally. Incidental contact
with the skin produces no noted health effects.
Furthermore, preliminary test results indicate that
DETDA is non-carcinogenic, a marked improvement
over the MDA used in Shell Z hardener. An ancillary
benefit attributable to the reduced health risk to
employees is the improvement in works relations. In
addition, workers have expressed concerns that
ffi-pbenyldiamine (MPDA), an offgas produced by
MDA that has discolored the walls of the potting
vea, might pose an unrecognized health risk.
Elimination of MDA and MPDA from the workplace
will likely bolster worker morale and productivity.

As with all potentially significant process changes, the
most threatening risk is an unforeseen failure that
could occur after the weapons are placed in the
ftockpik. Potted magnetic components are used in
many different systems in all nuclear weapons.
Changing potting materials introduces possible

common-mode failures to ell newly-produced
weapons. Moreover, magnetic components are
frequently used in applications where failures can
only be detected by stockpile sampling and testing
programs. If a new petting material causes the failure
of magnetic components while in the stockpile, not
only must a new recipe be developed (or the previous
recipe reinstated), but all affected weapons will most
likely be returned to the production facilities far
disassembly, examination, and retrofitting. Although
nuclear material contamination will not occur if
magnetic components fail, the financial, military, and
political consequences of such a possibility are very
large.

TEST CASE RESULTS

The evaluation and prioritization methodology was
applied to the two proposed waste minimization
projects to demonstrate the process and to identify
possible improvements in the methodology. After the
evaluation criteria and summary findings were
developed and assigned relative importance, three
major activities were performed in the test case:

1. Proposal data were translated into
constituent, fractional scores based on uY;
summary finding responses,

2. Summary finding scores and evaluation
criteria weighing factors were combined to
obtain individual scores for the top-level
criteria of each proposal, and

3. A final score was developed for each
proposal.

The Expert Choice software produced a final score
for each proposal by combining the summary finding
scores with the weighing factors assigned to the
evaluation criteria. In addition, individual scores for
the top-level criteria were calculated for each
proposal. The final scores in the test case
demonstration were .35 for the Rocky Flats Plant acid
elimination proposal and .24 for the Pinellas Plant
potting material replacement proposal. The scores are
normalized values on a scale of 0 to 1, where a "1"
represents the best possible score.

The principal reason why the Rocky Flats proposal is
more attractive than the Ptnellas proposal is that it
provides greater environmental safety, and health
benefits. The Rocky Flats proposal also scores
slightly higher in the areas of Effect on Intangibles
and Technical Risk. As we have stated previously,
however, these judgments are based on the authors'



interpretations of the proposal data, the authors'
opinions regarding the summary finding responses,
and the relative importance assigned by the authors to
die evaluation criteria and summary findings. The
final scores might change significantly if other
evaluators performed the scoring and weighing, or if
additional data describing the proposals were
available.

CONCLUSIONS AND RECOMMENDATIONS

This paper describes a formal process for selecting,
from a divsse s a of proposed waste minimisation
activities, those activities that provide the greatest
benefit to DOE. A methodology for evaluating and
prioritizing proposals was developed to illustrate how
the selection process works and what types of data are
required to characterize waste minimization activities.
It is clearly impossible to remove all aspects of
subjective judgment from the proposal selection
process. With this important consideration in mind,
the methodology presented is put forth to enhance,
not replace, the traditional DOE decision-making
process.

The following conclusions and recommendations are
based on the experience gained during the
methodology development process and test case
application.

1. The structured evaluation criteria and
evaluation process described in this paper
provide documented, defensible records to
support the decision-making and budget
allocation process. The reasons far ranking
one proposal higher than another can be
determined explicitly from the results of the
evaluation.

2. A cost data base should be developed to
support proposal preparation and evaluation.
Data from previous efforts should be
collected and processed to provide a resource
supporting future efforts. Guidance should
be developed for cost estimation ana for
ensuring mat sources of cost data used in
proposals are identified adequately and mat
assessments are done properly.

3. A mechanism should be established to allow
feedback from proposers and other
participants in the selection process to ensure
the continued improvement of the evaluation
and prioritization process.

4. Waste minimization within the nuclear
weapons complex, especially activities
involving changes to manufacturing
processes, is difficult to justify solely on a
cost basis. Many expected costs and cost
savings are extremely difficult to estimate
due to the large fixed costs associated with
nuclear weapon manufacturing. Most waste
minimization initiatives in this area will not
be economically attractive projects using
traditional financial analysis techniques.

In summary, a comprehensive evaluation and
prioritization methodology has been developed and
tested. With relatively minor refinements, this
methodology can be immediately useful to DOE
Environmental Restoration and Waste Management
and Defense Program organizations in preparing,
evaluating, and prioritizing waste minimization
proposals.
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Landfill space is increasingly viewed as a scarce and valuable
commodity. This is perceived by communities seeking to site or
expand existing municipal waste landfills, for example. Municipal
waste generation will reach nearly 200 million tons per year by the
year 2000, and many landfills are seeking expansion permits, even
those with severe contamination problems (GAO, 1989) . Landfill
space is valuable for states and state compacts seeking to comply
with the Low-Level Radioactive Waste Policy Amendments Act in
disposing of low-level radioactive waste. Landfill space is
likewise at a premium for the U.S. Department of Energy (DOE) and
the U.S. Department of Defense (DOD) with regard to low-level
waste. DOD-related generators disposed of about 1.4 million cubic
feet of low-level radwaste in 1988 (GAO, 1990) .

The traditional view of land in the context of landfill
economics is that its acquisition and use be handled as a capital
cost, akin to earth-moving equipment. Until quite recently, land
costs for municipal landfills were sometimes not accounted for at
all, since the land was typically returned to the community after
landfill closure, perhaps in the form of a park. See, for example,
National Center for Resource Recovery (1974). Even contemporary
treatments often ignore direct and indirect land acquisition and
utilization costs, as in Bagchi (1990).

Serious consideration is now given to technologies and
procedures which reduce the volumes of waste to be buried in
landfills. These include waste volume reduction technologies,
waste minimization and waste segregation programs, and improved
procedures for efficiently emplacing waste in disposal pits. For
low-level radioactive wastes, volume-reduction technologies
currently considered viable are compactors and supercompactors,
evaporators, incinerators, and shredders. For a compilation of such
technologies, see Ebasco Services (1988). The same or similar
technologies apply to municipal waste.

*The case study for this paper was prepared while the author
was a staff member at Los Alamos National Laboratory. The lifetime
projections and effectiveness of life extension measures shown for
the low-level radioactive waste landfill at Los Alamos should be
considered preliminary. The author wishes to thank John Harper and
Stan Zygmunt at Los Alamos for their guidance and help with the
case study.



Although some minimally acceptable practices are presently
undertaken at most landfills to protect human health and safety and
the environment, a key question remains. How much effort and
resources should be expended to slow the fill-rate of a landfill?
The answer depends on the performance and costs of the technical
options available, the difficulty and cost of acquiring additional
landfill space, and the consequences for remaining landfill
lifetime of current and future actions. Toward this end, the paper
1) presents a method for projecting the remaining life of a
landfill, including the alternative lifetimes associated with life
extension measures; 2) presents a case study of the low-level waste
landfill at Los Alamos National Laboratory; and 3) illustrates a
procedure for determining which measures become cost-effective to
adopt as a landfill's space declines.

Projecting Landfill Life

An integrated framework for projecting landfill life requires
an understanding of the effective demand for landfill space and the
effective supply of landfill space. Effective demand relates to
the raw volumes of waste which must be dealt with and the control
measures available to deal with these volumes. Although solid
waste is sometime analyzed in terms of weight, it is the final
volume of waste which determines the rate at which landfill space
is depleted. Thus, wastes are stated here in volumetric terms.
Generally speaking, raw waste volumes are directly related to the
amount and type of waste generating activity associated with the
landfill. This can be household waste, with the key driver as
future population growth. Another example is decontamination and
decommissioning activity of defense-related facilities. The
activity generating the raw waste volumes should be understood well
enough so that a reliable projection can be prepared.

The projection of raw waste volumes must be specified in terms
of waste type (and potential segregation) and generation timing.
Understanding the waste makeup and the ability to differentiate
waste types is important for projecting the effectiveness of
volume-reduction measures. An example might be calculating the
impact of a waste shredder by knowing how much of the waste feed is
shredable. Understanding the timing of future wastes is important
as well, not only to capture long-term trends but also to see
potential near-term spikes in activity. This can impact capacity
decisions on volume-reduction equipment, especially whenever
interim storage of raw wastes is not an option.

The control measures which deal with the waste must be
understood in terms of their effectiveness, planned capacity, and
scheduled availability. Control measures include waste
minimization programs which serve to reduce the volumes of raw
waste being generated; segregation/export programs which remove
some fraction of the raw wastes from the stream bound for the



landfill being analyzed; and volume-reduction technologies. An
example of a segregation/export program would be the implementation
of "below regulatory concern" thresholds for suspect low-level
waste, and the removal and disposal of wastes falling below the
threshold to municipal-type sanitary landfills. For volume-
reduction technologies, the effectiveness and capacity of the
equipment must be considered in conjunction with the type/timing of
the feed (as discussed above). Volume-reduction technologies are
usually evaluated in terms of a reduction ratio, depending on the
feed.

The factors mentioned above can be combined into cases or
scenarios which result in a projection of the effective demand for
landfill space, stated in terms of final burial volumes.

Effective supply of landfill space relates to the approved (or
permitted) acreage for a landfill which meets geological and other
criteria for landfill siting; the usable volumetric space measure
associated with that acreage; the timing of potential additions to
the existing approved space; and the control measures which
determine space utilization. The usable volumetric space
associated with acreage may already be determined by engineering
calculations, or rules-of-thumb may be required to factor in pit
configuration and spatial design. The control measures for space
utilization include such things as the depth of daily cover, and
the procedure by which burial volumes are placed in the landfill.

A projection can be prepared for the effective supply of
landfill space based on the above factors., Note that this
projection may be time-dependent, since additions to approved space
are future events which often cannot easily be accelerated.

Combining effective demand and effective supply for landfill
space on a year-by-year basis results in a projection of landfill
life expectancy under current operating conditions and for
alternative control measure scenarios. Care must be taken to
examine not just the cumulative burial volumes and space volumes
available, but their annual values as well. For example, bringing
an incinerator on line in 2 years may solve the long-term problem
but not the short-term problem of lack of landfill space. Also,
raw waste volumes must be carefully allocated to volume-reduction
measures on a year-by-year basis in the analysis, so that neither
equipment capacity nor landfill capacity constraints are violated.

Case Study of Low-Level Radwaste Landfill

A case study has been performed to examine the life expectancy
of approved areas for disposal of low-level radioactive waste at
Los Alamos National Laboratory, a DOE Defense Programs laboratory.
The approved areas consist of two land parcels on a high-desert
mesa: 1) the existing landfill area known as TA-54 Area G, and 2)



an expansion from Area G to the east end of adjacent Area L. The
objectives are to estimate when the TA-54 Area G low-level waste
landfill will be full, and to estimate when the expansion parcel
will be full. The strategy is to take a projected waste volume and
see how quickly a given landfill area is filled, with alternative
cases based on compaction, incineration, removal of suspect waste
volumes, effectiveness of waste minimization programs, and
combinations of these factors.

Wastes are buried at TA-54 Area G in pits. Most, but not all,
of the wastes are low-level solid radioactive wastes. The years
1985-1988 show burial of PCBs, asbestos, and miscellaneous
chemicals ranging from 6%-16% of total burial volumes. Annual
buried waste volumes are categorized as noncombustible
noncompactable, combustible noncompactable, noncombustibie
compactable, and combustible noncompactable. One complication is
that wastes considered compactable vary according to the size and
type of compactor being used. Historical data are only available
on compaction rates with a 50-ton compactor.

Data used for waste volume calculations are restricted to
1985-1988, since data for prior years appear to be less
representative of current trends. Raw volumes are estimated from
burial volumes using data on historical compaction rates and
associated volume reductions. A volume reduction ratio of 4.7:1 is
used for the existing 50-ton compactor. Between 1985-1988, about
11% of total raw (un-compacted) waste volumes was compacted,
representing 45% of the raw compactables.

Historically, the big driver in the year-to-year variation in
waste volumes has been the amount of decontamination and
decommissioning (D&D) activity at the Laboratory. It appears that
the next few years" D&D activity will be roughly the same as the
last few years. Further, waste volumes generated from standard
Laboratory operations are assumed to continue at about the same
level (for the base case) . Beyond the next few years, there is
only speculation about the sequencing of D&D and about increases/
decreases in waste-generating operations. The recent average level
(1985-1988) of raw waste volumes is assumed to continue throughout
the projection period for the base case. The annual average raw
volume for 1985-1988 is 5924 cubic meters.

The base case assumes that the 50-ton compactor available
presently (as of 1989) will be available in the future . A larger
compactor is handled in a separate case. Assumptions include a
1991 start-up, with a capacity such that it will compact about 75%
of the raw compactable waste, and witn a 20:1 volume reduction
ratio.

Another case is developed for a LLW incinerator, to come on
line in 1993. About 90% of combustibles will be incinerated from
that time forward (including compactable combustibles). A 50:1



volume reduction from incineration is assumed. Noncombustible
compactables are assumed to be compacted with the 50-ton compactor.

A "suspect removal" case is also developed, based on the idea
of burying elsewhere on-site those wastes thought to be non-
radioactive and non-contaminated, but which are nonetheless
considered suspect. A separate landfill is assumed to be
operational for such wastes beginning in 1995.

A case is developed which considers reduced waste volumes
generated owing to on-going efforts to minimize waste generation.
Waste minimization efforts are assumed to result in a 1% raw volume
reduction each year, compounded over time.

Finally, a combination case is constructed. This case assumes
that 1) raw wastes will decline by 1% each year, 2) the 50-ton
compactor is used 1989-1990, 3) the 200-ton compactor is available
in 1991, 4) the incinerator is available in 1993, and 5) suspect
waste volumes are removed from the stream starting in 1995.

For the analysis of the effective supply of landfill space,
fairly complete historical data are available for 20 covered pits.
These pits are used to relate pit volumetric dimensions to burial
volumes in Area G. A volumetric capacity estimate is developed for
each pit. Total waste burial volumes for each pit are estimated by
summing the actual pit volume of radioactive wastes with an
estimated volume of non-radioactive wastes for that pit. Analysis
of these pits showed 4 of 2 0 to be anomalous. For the other 16
pits, the correlation coefficient between estimated pit capacities
and actual burial volumes is .94. By statistically regressing pit
burial volumes on pit capacities (along with a constant), a fitted
equation is obtained. The equation is used to estimate the burial
volumes which can be placed in the remaining pits which are
designed but not yet filled.

Turning now to the expansion parcel, it contains 30 acres as
measured to the canyon rim. The usable area will be less than 30
acres due to space requirements for fencing and the 50-foot
required setback for pits to the rim. However, the burial volume
capacity of the expansion parcel should be analogous to the
capacity of the existing pit acreags (when £"9asured to the canyon
rim) . Thus, known-volume pits in Area G can be used in the
aggregate —along with their contiguous acreage— as a basis for
extrapolating the volume of the expansion parcel. This area
contains 2,291 m3/acre of buried waste.

Projected burial volumes (capacities) in cubic meters,
representing remaining approved space, are as follows:



Per-Location Cumulative
Location Burial Volume Burial Volume

Area G 20543 20543
Expansion 68730 89273

With the quantities projected above, the estimated lifetime of
Area G as well as Area G plus the expansion parcel can now be
calculated. This is done by taking the waste burial volumes, by
case, and "filling up" the landfill space. The fill sequence is
first the remainder of pit space in Area G, and chen the expansion
parcel.

Figure 1 provides a graphic illustration of the time-path of
waste burial and the capacity limits of Area G and the expansion
parcel. Area G will be filled up in 1992 in the base case, or in
1993 at the latest for all other cases. Area G becomes full before
the volume-reduction measures can have much impact.

When considering Area G plus the expansion parcel, capacity is
exceeded in 2005 in the base case- The individual cases for
minimization, 200-ton compaction, and incineration each lengthen
the lifetime by two or three years. The removal of suspect wastes
from the burial stream has a much larger impact, extending the life
to 2015 (10 years) . When the volume reduction measures are
considered together in a combination case, their cumulative effect
on life extension is greater than the sum of their individual
effects. The capacity is not exceeded until 2 036. This dramatic
effect occurs primarily because the capacity constraints on volume-
reduction equipment are less often binding. Incineration volumes,
for example, are not reduced when suspect wastes are removed.
Rather, the fraction of combustible wastes which are incinerated
goes up sharply. Much more of the waste which can be volume-
reduced actually is volume-reduced in a situation where multiple
approaches are adopted. By.the year 2036, 98% of the annual burial
volumes in the combination case are projected to be noncombustible
and noncompactable. All other raw wastes have gone through volume
reduction.

Illustration of Cost-Effectiveness Determination

The case study in the previous section examined the impact of
alternative measures on the life expectancy of a landfill area.
The problem could be turned to ask which measures are cost-
effective and when they become cost-effective. This question is
not fully answered in this paper, either in general or for the Los
Alamos case. However, the question is framed and a method for
addressing it is illustrated.

When landfill space is easy to acquire, and land costs are low
or ignored entirely, determining which measures (including volume-
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reduction technologies) are cost-effective is a straightforward
capital investment problem. When landfill space is strictly
limited or very costly to obtain (in direct dollars, time, and
institutional difficulty), the problem changes substantially. The
result of this change is that the last few cubic meters of landfill
space are much more valuable than the first few cubic meters.

This effect is analogous to the standard mineral exhaustion
scenario where a fixed (or difficult to augment) stock of ore is
"optimally" depleted over time, with the extraction rate as the
control variable. Here, the resource subject to depletion is
usable landfill space. The landfill problem can be framed as an
optimal control problem with the waste burial rate as the control
measure. See Klan (1990) for details. The control variables must
be structured to reflect the volume-reduction technologies
implemented and the procedure used for filling the landfill. A
simplified example is provided here to illustrate the effect with
continuously variable volume-reduction technology, a fixed amount
of landfill space, and a constant annual volume of raw wastes. The
optimal path for volume-reduction technology is shown in Figure 2.
The path indicates that as the landfill space is depleted, it i^
cost-effective to adopt increasingly powerful technologies to
reduce volumes. A more completely specified empirical example for
a real-world case would require data on costs and performance of
technologies, as well as cost/difficulty information related to
acquisition of new space.

The conceptual implications are clear, even with the highly
simplified model. It makes economic sense to adopt costly volume-
reduction measures when landfill space is scarce. It also makes
sense to adopt more costly measures as that scarcity increases.
Making decisions regarding volume-reduction measures without taking
into account the scarcity value of landfill space results in
suboptimal adoption of technology. The bottom line is that higher
costs of acquiring space may be incurred undxily if the analysis is
limited to traditional capital-equipment evaluation procedures.

Conclusions

Although there are many factors to track, it is
straightforward to project landfill lifetimes. It is important to
understand when landfill space will be exhausted, and under what
operating conditions. The lifetime estimate may be quite robust to
alternative volume-reduction measures when examined individually,
but may change dramatically if measures are used in combination.

Ignoring the scarcity value of approved landfill space (given
the great difficulties associated with obtaining more) is no longer
warranted. Traditional methods of capital equipment evaluation can
lead to under-investment in volume-reduction technologies because
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they ignore the scarcity value of space. Empirical analyses and
simulations can provide approximate answers to the question of
"what makes sense when",
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Waste Knowledge: The Key to Waste Minimization

H.A. Noskin, Idaho National Engineering Laboratory

Waste minimization is an important aspect of waste management. One very simple
way to reduce or minimize waste is through good housekeeping. In this case
segregation, and knowing what kind of waste you truly have. A key problem to
waste management is the ultra-conservative approach GOCO's have taken. In a time
when the contractors are playing "catch-up," many decisions have been made
without a common sense justification. These kinds of decisions are making a bad
problem, worse and at the same time confusing employees. Approximately
240,000 kg of hazardous waste is generated in the U.S. annually. There are only
about 250 operating hazardous waste landfills, and those are closing at a very
fast rate. In addition, soon most hazardous wastes will fall under the Land
Disposal Restriction requirements. Segregation, neutralization, and sampling
are important ingredients to solving your waste problems. Make sure that the
waste is characterized properly. Anti-c clothing should be visually inspected
for hazardous waste contamination, if it hasn't been contaminated, it shouldn't
be disposed of as hazardous waste. Non-listed acids and basics can be
neutralized and removed. These good housekeeping measures, among other common
sense ideas can reduce waste generated at the source and give employees a clear
understanding of good waste management.
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Background

The Wide Beach Superfund site is located on the shore of Lake Erie in western New York

State, in the town of Brant, approximate!) 30 miles south of Buffalo. The site is a 55-acre

residential community with approximately 60 summer cottages, half of which are occupied

year-round. Waste oil applied to local roads as a dust suppressant between 1968 and 1978

contaminated the site with polychlorinated biphenyls (PCBs).

New York State undertook a remedial investigation and feasibility study (Rl/FS) of the site

in the early 1980s. PCBs, specifically Aroclor 1254, were found over the majority of the

Wide Beach site in all environmental media (Table 1). The highest levels and largest volumes

of contamination were in the roadway and adjacent drainage ditch soils. Surface water runoff

and infiltration, as well as the wind and pedestrian and vehicular traffic, have transported the

PCB-contaminated soils over much of the site. The Rl/FS identified approximately 40,000

cubic yards of soil contaminated with PCBs at levels of 10 to 1,000 ppm. A Record of

Decision (ROD) was signed by the Environmental Protection Agency (EPA) in September

1985. The ROD specified treatment of PCB-contaminated soil using a potassium polyethylene

glycol (KPEG) treatment process. KPEG treatment of PCB-contaminated soil is an innovative

technology and a commercial unit was not available at the time the ROD was signed.

The ROD stated that "on-site chemical treatment of soils contaminated with greater than

10 mg/kg PCB will meet the objectives for protection of public health, welfare, and the

environment . . . as it results in the ultimate destruction of the contaminants . . . and is also

more cost effective compared to disposal." However, it was recognized that bench an pilot
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scale treatability studies would be required to address the primary concems associated with this

technology, i.e., the ability to attain the 10 mg/kg PCB level, as well as the potential

formation of toxic end products. The ROD stated that "should the proposed treatability study

demonstrate that the selected remedy is ineffective in meeting the remedial response objectives,

the Regional Administrator would reconsider his selection of a remedy at this site."

EBASCO, under EPA's REM III (Superfund) contract, was assigned the following scope of

work:

• Perform supplemental remedial investigations to further define the extent of site
contamination.

• Perform bench and pilot scale treatability studies of PCB dechlorination in soils using
KPEG.

• Develop an integrated remedial design (site work plus chemical treatment) and technical
bid package, and provide support to the Corps of Engineers during the bidding process.

EBASCO conducted the supplemental investigation in an eight to ten week period.

Approximately 800 soils samples were collected and analyzed using a mobile laboratory. By

conducting higher density sampling (collecting five to seven samples from each front yard

compared to one sample per front yard collected during the RI/FS phase), EBASCO was able

to reduce the areas of contamination, thus lowering the estimated volume of contaminated soil

from 40,000 cubic yards to approximately 20,000 cubic yards.

The KPEG Process

The KPEG process had previously been used to detoxify PCB-oil wastes generated at a wood

treating site in Butte, Montana, spent solvent containing an oily waste at a Superfund site in

Kent, Washington, and PCB-contaminated liquids and soils at the General Electric Moreau

site in Glens Falls, New York.

Figure 1 shows the basic process chemistry for KPEG treatment of PCBs. The reagent

components include: a sulfoxide, e.g., a sulfolane or dimethyl sulfoxide (DMSO); a glycol

and/or capped glycol, e.g., polyethylene glycol 400 (PEG); and solid or aqueous potassium
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hydroxide (KOH). The glycol is reacted with KOH in the presence of DMSO to form an

alkoxide. The alkoxide reacts with one of the chlorine atoms on the biphenyl ring to produce

a glycol-biphenyl ether and potassium chloride. The sulfoxide acts as a cosolvent and catalyst,

increasing the overall rate of reaction.

In KPEG soils processing, soil and reagent are mixed to form a slurry. The soil/reagent

mixture is then heated to about 150°C and held at that temperature with constant agitation

until the PCB concentration is reduced to below the target level. At the end of the reaction,

reagent is recovered by filtration or centrifugation a r i by washing the soil with several batches

of water. The decontaminated soil is then discharged, and the reagent and wash waters are

recycled, as shown in Figure 2.

Based on previous testing, the KPEG process was found to exhibit the following

characteristics:

1) The reaction is slow at room temperature. The reaction rate increases with increasing
temperature.

2) Water appears to be a strong inhibitor. Moisture in soil must be removed either by
heating or air drying in order for the reaction to succeed.

3) The dechlorination process is nonielective. KPEG is effective in treating many
chlorinated compounds, including dioxins and furans.

Bench Scale Tests

Three types of soil from the site were tested during six bench scale tests: a high PCB (690-

1,200 ppm), moderate organic soil; a low PCB (24 ppm) low organic soil; and a high PCB

(500-600 ppm), high organic soil. The bench scale testing process involved mixing equal

volumes of contaminated soil and reagents (potassium hydroxide, polyethylene glycol and

additives) to form a slurry. The soil/reagent mixture was then heated to 140-160°C and held

at that temperature with constant agitation for approximately 1-5 hours, until the PCB

concentration was reduced to below the target level (in this case 10 ppm). At the end of

the reaction, the reagent was recovered by filtration or decantation and the soil was washed

with three volumes of water.

MSC2/RPT0016.MSC 10/1/90 2 47 p , n



The goals of the bench scale treatability study were to:

• establish the feasibility of achieving 10 ppm (or less) residual PCB contamination in
treated soils;

• determine optimum reagent mixtures and temperature/reaction time combinations;

• determine the feasibility of reagent recovery from soils by washing;

• perform toxicity tests on treated soils; and

» develop preliminary cost estimates for full-scale treatment of soils using this process.

Figure 3 illustrates the results of the initial testing (at 140°C). The two lower-concentration

soils attained the target of 10 ppm, but the highest concentration test did not reach 10 ppm

within the 12-hour test period. When another sample of this soil was subjected to a higher

reaction temperature (150°C) the target concentration was achieved in five hours. The effects

of varying the cosolvent (DMSO vs. solfolane) were also tested, although the process was not

tested in the absence of any cosolvent. Figure 4 indicates that there was no appreciable

difference between the cosolvents tested; DMSO was selected due to its lower cost and easier

recoverability.

The treated soil was subjected to toxicity testing using guinea pigs and the Ames test, and

it was found nonmutagenic and nontoxic. Analysis of the reagents and wash water for PCB

proved that the PCBs were destroyed and not merely extracted into the reageni and wash

water. Based on the bench-scale tests, the initial cost-estimate for treatment was $166-365/ton

of contaminated soil.

Pilot Scale Tests

The bench scale tests demonstrated the effectiveness of the KPEG process on treating PCB-

contaminated soil. As a result, a pilot study was conducted at the Wide Beach site during the

summer of 1988. A total of ten runs using 200 pound batches of soil at three different PCB

concentrations were performed. The objectives included:

• Determining the feasibility of lowering the cleanup level to 2 ppm and of recycling the
reagent;

MSC2/RPT0016.MSC 10/1/90 1:41 pm rml



• Generating design information for scale up; and

• Developing cost estimates.

The pilot scale tests confirmed the high degree of effectiveness of the KPEG treatment process

in destroying PCBs. The tests demonstrated the feasibility of achieving a 2 ppm cleanup level

(Figure 5) and that the reagent could be recycled at least seven times (Runs 4-10 shown in

Figure 6) without apparent deterioration in efficiency.

The pilot testing encountered its share of mechanical and process problems. Several

mechanical seals were destroyed before the cause was identified. The steam generator

malfunctioned, thus causing delays in the reactions. The soil/reagent slurry filtration system

did not perform as expected, requiring modification to the process. After experimenting with

several different methods, it was determined that centrifugation followed by distillation must

be added to the process to recover the reagents. Finally, noise from the power generator

was a major concern for the communiiy since the iesis were being conducted in their

residential neighborhood.

Based on the results of the pilot scale tests, a total treatment cost was estimated at

approximately $300 per cubic yard of soil treated. Reagent cost was the largest component

at approximately one quarter of the total cost.

Postscript

As a result of the successful pilot-scale tests, EBASCO continued with the design

specifications which were completed in the spring of 1989. The site design construction

activities for Wide Beach were divided into ten stages. Overall site preparation made up the

first three stages which involved clearing the site for treatment; installing necessary safety

measures and facilities, and testing materials; and excavating, hauling and stockpiling the

asphalt paving and on-site contaminated soils, drain pipes, and catch basins, followed by post-

excavation soil sampling. Stage 4 applied the actual chemical treatment to the PCB-

contaminated soils. Stages 5, 6, and 7 consisted of construction activities, namely storm

drainage improvement, backfill and grading of excavated areas, and the replacement of asphalt
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pavement that was removed during the site preparation phase. Stage 8 involved collecting and

beating rainwater, which could have become contaminated during construction activities, and

water used for decontamination.

Stage 9 involved restoring all landscaping to its original condition. The final stage of the

project included demobilization, decontamination, restoration of the site to its original

conditions, and the off-site disposal of aii residual contaminated materials.

Under the supervision of the Corps of Engineers, remedial action activities were initiated in

the spring of 1990 and are expected to be completed in the spring of 1991.
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WIDE BEACH INITIAL REACTIONS
140 C, DMSO reagent

!
Q.
Q.

u.uuu -

1 ,
• * l

1

I-—

• \ - \

i

. —

>
j

—*N

— 1

^ - <

i

^ -
——i

t

I

0 1 2 3 4 5

Soil A
m •

6
HOURS

SoilB

7 8

SoilC
....A...

9 10 11 12

10,000

Figure 4

WIDE BEACH. DMSO vs. SULFOLANE
SOIL C, 140 t

CO

o
CL 100

*— 1
1

J

I v—
= ^

r

t

* \

I

J

0 1 2 3 4 5 6 7 6 9 10
HOURS



1.000

100

Sa.

0.1

PPM PCB vs. TIME
PILOT SCALE

[^

• • • • 1

\

•
•

v
* ^

1

L.

l~

3 4 5 6
HOURS

Run 1 Run 2 Run 3

o
o
a

Figure 6

PPM PCB vs. TIME
PILOT SCALE

1

m -

: r a —

( = =

v . ••._
X •

\ >

\
\

^»«:

-1

—•

3 4
HOURS

Ot <n A



Table 1

PCB CONCENTRATIONS
AT WIDE BEACH SITE

DRIVEWAYS

YARDS

ROADWAYS

DRAINAGE DITCHES

VACUUM CLEANER DUST

POTABLE WELLS

PERCHED WATER

WATER IN MARSH

WETLAND SEDIMENTS

STORMWATER RUNOFF

AIR PARTICULATES

* SAMPLES

53

85

83

19

47

60

6

4

25

6

47

PCB CONC

0.18-390 mg/kg

0.05 - 600 mg/kg

1.0 - 226 mg/kg

0.2-1026 mg/kg

0.25 - 770 mg/kg

ND-0.16ug/I

1.4-5.7ug/l

0.2 - 2.9 ug/l

ND-126 mg/kg

4.0-93 ug/l

0.04 - 0.307 mg/m
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INTRODUCTION

New Low-Level Radioactive Waste (LLW) sites will be opened in this
decade. These sites will replace the existing sites, and will be
developed for waste generated at both commercial and governmental
facilities. The design and operation of these facilities will
include additional engineered provisions to further minimize the
probability for any radioactive material release for upwards of 500
years following site closure.
Chem-Nuclear Systems, Inc. (CNSI) has been selected by several
state waste compacts to design, construct and operate new LLW
disposal sites. These new sites will be located in Illinois, North
Carolina and Pennsylvania. They will receive waste generated at
commercial sites (power utilities, commercial processors,
hospitals, etc.), with volumes ranging from 200,000 to 550,000
cubic feet per year. As currently planned, these facilities will
be operational for from 20 to 50 years.

The new LLW site operational procedures will draw upon Chem-
Nuclear's 20 years of waste disposal experience at the Barnwell,
South Carolina disposal facility. During this time, from 1-2
million cubic feet of waste were received each year at Barnwell,
with waste from throughout the entire U.S. The basis of the new
designs is multiple engineered barriers which augments the natural
features of the site and the solid form of the waste as shipped by
the generator.

The design concept is referred to as the "Triple Safe" concept,
since it is composed of three distinct engineered barriers (or
safety features). This design has been adapted from disposal
technology developed in France. The French LLW disposal site
located at l'Aube, is currently nearing completion, and will start
to receive waste in 1991. Experience at l'Aube will be factored
into the new U.S. site designs, leading to greater confidence of
the site operational safety and waste containment.



This paper discusses aspects of the Triple Safe technology which
CNSI is now developing for the new LLW sites. The designs, while
not absolutely identical at each site, do have many common
features. We believe that these are representative of disposal
technology to be used in the U.S. in the 1990-s and beyond. Our
current projection is that these sites will become operational in
the 1993-97 time period.

CNSI'S TRIPLE SAFE TECHNOLOGY

The key disposal goal is long-term isolation of the waste from the
environment. In particular, contact with ground or surface water
must be precluded. Additional goals are to prevent inadvertent
intrusion into the waste until a period of time has elapsed when
the waste is rendered essentially harmless by radioactive decay.
The current practice is for all waste to be received in a solid
form prior to disposal. Hence, concern with gaseous or liquid
release of radioactivity from disposed waste is lessened.

The function of the engineered safety features is to enhance
disposal operations, and also provide a passive means of safe
disposal following site closure. As noted before, proper selection
and characterization of the disposal site, plus the packaging of
the waste by the generator, are the key provisions for precluding
waste release below grade in a LLW landfill. Specifically:

o Site Characteristics - The disposal site geology and
hydrology, in its natural form, is selected to prevent
environmental contact with the waste.

o Waste Form - The waste generators prepare the waste in
a solid form suitable for secure disposal.

The Barnwell Site is referred to as an engineered landfill, since
it has additional engineered features not found in all landfills.
The waste is buried 20 feet below grade, and the waste pit has
clay-walled sides and base. There is also an earth cover which
has permeable and impermeable earth layers to direct surface water
away from the waste and prevent contact.

The Triple Safe design adds to the safety experience of previous
disposal facilities with the following engineered safety feature
components:

o Engineered Earth Cap
o Concrete Overpacks
o Concrete Module



The geography of the selected "humid" states (east of the
Mississippi), plus the compact state laws, require that the waste
be disposed of "above-grade".

The functions of the "Triple Safe" engineered safety features are
as follows:

o Concrete Overpacks - The waste containers are placed
within thick walled, reinforced concrete containers. A
fluid concrete grout is used to encapsulate the waste
container within the overpack. Each overpack contains
100-400 cubic feet of waste. Two types of overpacks
are used which are cylindrical and rectangular in
shape. The intent is to maximize the waste packaging
efficiency within the modules.

o Concrete Modules - Individual concrete overpacks are
closely packed within thick walled (typically 2 feet
thick) reinforced concrete modules. Each module is
fully sealed after loading with overpacks, and
typically contains 50,000-100,000 cubic feet of waste.
The modules are isolated from ambient conditions during
the loading operations.

o Earth Cap - Typically, 40-50 modules (in two rows) are
grouped and covered with a multi-layered engineered
earth cap. The earth cap soil layers passively divert
surface water from the concrete modules. The earth cap
is composed primarily of natural materials (clay, sand,
vegetative soil) obtained from the disposal site or
nearby. The modules are completely covered with the
earth cap with a cap height extending above the module
roof of 7 to 10 feet.

The primary function of the earth cap and concrete module is the
diversion of surface and ground water from the waste. The
concrete overpacks serve as a barrier in the unlikely event that
any water penetrates the waste module. The concrete overpacks,
due to their smaller size, greatly facilitate individual
inspection and retrievability (if that is ever needed).

The requirements for the engineered safety features are to
provide long-term, passive, waste isolation. However, long-term
experience with the materials comprising the individual barriers,
does not incontestably prove that any single component can
provide the requisite isolation function for 300-500 years. For
example, concrete as an engineered construction material, has a
history of less than 200 years.
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All waste will be placed inside concrete
overpacks and sealed with cement grout.

Fig. 1. Overpacks.
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However, waste isolation for the required period can be readily
proven when the system is taken as a whole - - - just considering
the engineered barriers. Current estimates, using actual waste
disposal records, show that the total curie content of the
disposed waste is only about 1 percent of the initial inventory
after 300 years. Longer lived isotopes (generally found in Types
B, C waste) which comprise most of the remaining inventory, are
placed in special, thicker walled-polyethylene lined, concrete
overpacks. The overpacks with the layers of concrete and
polyethylene ensure a virtually leak free disposal system.

OVERVIEW OF TYPICAL NEW LLW DISPOSAL SITE FEATURES

The new site required approximately 500-1000 acres of land area.
However, only 100-200 acres are needed for the actual disposal
area (typically, 10-35 million cubic feet). The total site area
is required to accommodate the following functional areas:

o Disposal Area - This restricted area contains the waste
disposal modules and the waste handling building.

o Administrative Area - This area contains the
administrative building, laboratories, maintenance
buildings, waste receipt building, visitor center, site
utilities, etc.

o puffer Zone/Borrow Area - This is a 1000 foot boundary
surrounding the disposal area periphery, which
segregates the disposal area from the site boundary.
It is also used for storage of borrow materials used
for the formation of the earth cap. Retention ponds
are situated for temporary storage of surface water
diverted from the disposal area.



The following table describes the general features of the new LLW
sites and compares them to evolution in previous designs over the
last 25-30 years.

EVOLUTION OF LLW DISPOSAL

Technology

Position

Waste Receipt
Rate

Handling

Record Keeping

Containers

PAST

Simple
Landfill

Below Ground

1-2 Million
Cu-Ft/Year

"Kick & Roll"
Open Air

Simple

Wood Boxes/
55G Drums

PRESENT

Engineered
Landfill

Below Ground

1-2 Million
Cu-Ft/Year

Crane-Open
Air

Detailed/
Computer

Metal/HICs

FUTURE

Multiple
Engineered
Barrier

Above Ground

50-500,000
Cu-Ft/Year

Crane-
Enclosed

On-Line
Computer

Metal/HICs
Encapsulated

Of key interest is the current requirements for engineered safety
features which makes possible above-ground disposal (well above
the natural water table), and the smaller annual quantities of
disposal waste. The resulting effect of multiple engineered
barriers and the development of a number of smaller disposal
compact sites is increased cost. Typical disposal costs at
present average $40-50 per cubic foot. Disposal costs in the
90's (constant dollars) for the new sites are projected at $100-
500 per cubic foot.



SPECIAL DESIGN FEATURES

There are a number of other design features which enhance the
operation of new LLW disposal sites. The design and function of
these features are as follows:

o On-Line - Monitoring Systems - The entire disposal site
will have dedicated radiological monitoring systems.
These will monitor for radioactivity in the air and
soil at selected locations throughout the site.
Monitoring the actual containment performance of the
modules occurs on a continuous basis during the
operational, closure and active maintenance period.
Each module is designed with a gravity drain system
which will collect possible liquid infiltration within
the module, and direct it to a local collection tank.
The tank piping will be interconnected, and directed to
a large monitoring tank which is used for an entire row
of modules. Full manned inspection access will be
provided all tanks. Any collected fluid will be tested
for radioactivity. This monitoring system provides a
direct means of testing the earth cap, waste modules
and overpacks for integrity. Gravitational flow of
liquids results in totally passive system operation.

o Undercover fDryl Waste Handling - The waste containers
are moved from the shipping vehicle, inspected, and
placed in concrete overpacks within the waste packaging
building. These operations are performed in a closed
building under negative pressure. As a result, there
is no means for direct contact of surface water with
the waste during overpack loading. Following this, the
sealed concrete overpacks are moved to the waste
modules. The modules are closed by either a movable
building or a concrete roof. Again, covered module
precludes direct contact of the overpack with rain or
other surface water source.

o Site Drainage Systems - These systems serve to direct
rainwater from the waste modules. The diverted water
is collected, tested and eventually released off-site.
The system consists of rain gutters on the module's
roofs, which directs the water to concrete culverts.
These culverts move the water to retention ponds
located in the site buffer zones. The retention
pond(s) are lined and have a means of sampling for
radioactivity and other chemicals. Liquids from the
waste monitoring system tanks are also released to the
retention ponds following testing.
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Underdralns will detect and remove any Infiltrated water below the
cells. After 160 years, the two systems will be joined for passive
drainage.



Test Cells - Each site will have a representative
disposal nodule designated as a test cell. The cell
will have test instrumentation and inspection areas to
monitor concrete performance, waste stability and other
technical parameters. The test cell will be the first
module loaded, and be available for frequent inspection
during the entire site operation and closure period.

Monitoring of the test cell performance will provide a
base line of actual performance. Critical technical
parameters will be tested. In the event that a system
design correction is needed, the test cell will be
modified, and will serve as an indicator of total
system performance.

Waste Tracking System - All existing LLW disposal sites
have required extensive records for waste receipt and
disposal. The new LLW sites will expand these record
systems on a real-time basis. Required data on the
waste will be tracked from the time the waste container
leaves the generators site to its ultimate emplacement
in the waste module. This computerized system will
permit rapid assessment of the on-site isotopic
inventory,including the contents within each waste
module.

Extensive use will be made of bar code technology for
tracking the waste containers as they are handled on-
site. An added benefit is the available means of
planning site operational and construction schedules.

CONCLUSION

Each of the three LLW site designs constructed and operated by
CNSI will not only meet the federal requirements of 10 CFR 61,
but also the unique requirements prescribed by the host state or
compact. The inherent safety features of the Triple Safe design
should provide the local population with assurance that disposal
operations are being conducted in the safest way possible.
Additionally, most of the site operators will be local residents,
and ouch of the contracted material will be obtained from local
suppliers. In so doing, the LLW facility should be an asset to
the local community.



Key features of these Triple Safe designs are the capability for
retrieval of discrete waste packages, and the capability of
readily performing remedial action (if needed), by moving
overpacks to different modules. The design also provides
considerable flexibility in adapting to different potential site
configurations.

One unique aspect of the Triple Safe technology is the continuous
construction of concrete modules. At any given time, new modules
are being constructed, open modules are being loaded, and loaded
modules are being closed. This will require close coordination
of site operations. It will also ensure a continuous work load
for the operating crew. In actuality, the site is being
continuously closed during the operating period - - - not at the
end of site operations.

In summary, all of the CNSI sites will be constructed and
operated using an essentially common design basis. The
engineered components are constructed from essentially natural
materials using well proven construction methods. The operating
experience of all three sites will be progressively compared with
each other, and the French l'Aube design. This common approach
to facility design provides many benefits which lead to more
predictable and safe performance.
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ABSTRACT
Reported here is a case study of a successful small scale remediation of 1,138 drums containing

dioxin-contaminated materials at Fort A.P. Hii! -- a job site that was scrutinized closely because it had
previously been publicized as a "dioxin" site in local, state, and national media. All she procedures were
extensively researched to satisfy the review of the U.S. Environmental Protection Agency (EPA), the
U.S. Army Toxic and Hazardous Materials Agency (USATHAMA), the U.S. Army Environmental
Hygiene Agency (USAEHA), the Commonwealth of Virginia, and interested individuals and public
participation groups. The remediation was performed according to an engineering and design report
prepared and approved prior to the commencement of field work. The design report described and
detailed the plans, equipment, procedures, rationale, and methodology for each activity performed on-
site during the remediation. The design report evaluated the proven effectiveness of a mobile rotary-
kiln incinerator and detailed the performance criteria for the incinerator, the required sampling and
analysis, health and safety considerations and the overall implementation of the thermal treatment of
dioxin-contaminated materials.

The remediation of more than 190 tons of dioxin-contaminated material was accomplished
successfully despite the numerous obstacles encountered. On-site adjustments were required to
complete, effectively and efficiently, the remediation in full compliance with regulatory and policy
requirements. This presentation describes how appropriate treatment technologies were combined with
effective site management, engineering expertise, and advance planning strategies to safely remediate
successfully a dioxin-contaminated site.

INTRODUCTION

Metcalf & Eddy (M&E) was contracted by O.H. Material^ cm behalf of USATHAMA, for the
Phase I (engineering/design) and the Phase II (subsequent remedial action) programs at Fort A.P. Hill.
Fort A J \ Hill, a U.S. Army installation located in Bowling Green, Virginia, needed to dispose of
building debris and soils contaminated with acutely hazardous organic materials - including 2,3,7,8-
tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD). On-site incineration using a mobile rotary kiln had earlier
been recommended as the remedial method of choice in the site feasibility study prepared for
USATHAMA.



For Phase I, M&E researched and provided the specific engineering and design plans needed to
assure that each remediation task would be properly performed. For Phase II, M&E implemented the
remedial action -- the on-site thermal treatment of the contaminated material - according to the Phase I
Engineering/Design Report. All work was performed in accordance with U.S. EPA guidance, in
compliance with the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA).

The U.S. EPA has mandated that thermal treatment (incineration) is currently the only
sufficiently demonstrated treatment technology for dioxin-containing wastes (51 FR 1733). However,
the successful application of incineration to a dioxin cleanup at the Fort A.P. Hill site differed from the
approach used for other dioxin remediations, such as Denney Farms, because a much smaller quantity of
material needed to be cleaned up. Since the total volume of waste treated at the Fort A.P. Hill site was
only 190 tons, the remediation was a very temporary operation. All activities (excluding residue
disposal) were completed in 51 days.

A site involving a smaller volume of waste actually requires much more advance planning
(including anticipation of problems that may arise and resolutions), effective site management, and
appropriate treatment technology. Due to the short duration of the remediation, any problems causing
system down-time results in a major percentage increase in the effort and time required for completion
of the project.

Regardless of the volume of material to be treated, implementation of a dioxin remediation
requires all of the same quality assurance and health and safety safeguards and all of the same tasks as a
longer disposal project. At the Fort A.P. Hill site, M&E had to perform these tasks under media
scrutiny beca'sse the site had received national publicity due to the Boy Scouts of America jamboree that
is held at the Fort every four years. Metcalf & Eddy (M&E) guided two tours of the remediation site
that included concerned citizens and newspaper and television reporters. The Army had kept the public
informed throughout the planning for the remediation. As a result, there was public support for the
remediation of the dioxin-contaminated material, in part because everyone was eager to 'close this
chapter of the dioxin saga' prior to the August, 1989, Boy Scouts jamboree.

SITE BACKGROUND

The Fort A.P. Hill site is a 76,000-acre Army installation located in Caroline County near
Bowling Green, Virginia. The installation grounds are now used for Army training purposes and for
other events. Fort A.P. Hill is best known for the Boy Scouts of America jamboree held at the site every
four years.

From 1962 to 1978, the Army stored the herbicides: silvex (2,4,5-Trichlorophenoxy-propionic
acid): 2,4-D (2,4-Dichlorophenoxyacetic acid); and 2,4.5-T (2,4,5- Trichlorophenol) of which dioxin is a
known impurity; in Building #225, which has since been demolished. The herbicide-containing
containers corroded allowing the contents to leak onto the floor of the building and eventually onto the
ground below. The leaking containers were repacked in 1978 and removed from the base in 1980.

In 1984, the vertical and horizontal extent of silvex, 2,4-D, 2,4,5-T and dioxin contamination was
defined. In 1985, an interim response action was undertaken whereby Building #225 was demolished
and the soils underlying the building were excavated. The excavated soils and miscellaneous debris were
containerized in 35-gallon fiberpack drums which were then overpacked in 55-gallon drums and stored
in a warehouse (Building #P01288) inside a secure, fenced area on the Army base



A feasibility study prepared for the site in 1987 recommended on-site incineration of the
contaminated materials and subsequent disposal of the residues in a licensed hazardous waste landfill.

WASTE CHARACTERIZATION
Table 1 shows that the site was contaminated by ppm-levels of 2,3,7,8-TCDD and other related

constituents. The 2,3,7,8-TCDD isomer is recognized as the most toxic of She 75 possible dioxin
isomers. The U.S. EPA classifies 2,3,7,8-TCDD and related organic compounds, referred to as 'dioxins'
and 'furans' as acutely hazardous materials. The classification, and the public awareness of the possible
hazards associated with dioxin, prompted the 1985 interim response action which yielded the 1,138
drums of contaminated materials v/hich were stored in the warehouse at the base from 1985 to 1989.
The contents of the 1,138 drums were categorized as: dirt, block, wood and miscellaneous, as noted in
Table 2.

METHODOLOGY FOR SITE REMEDIATION
Remediation of materials classified as 'acutely hazardous' must be well-planned so that the

thermal treatment technology selected for the job, the proposed operating conditions, and the data
needed to verify compliance with EPA requirements are all recognized as the best treatment to meet all
relevant cleanup and operating standards. These planning requirements are not significantly reduced
even if only a relatively small volume of contaminated material requires remediation.

TECHNOLOGY
The thermal treatment system used to destroy the contaminants included pre-feed shredding, a

controlled waste feed system, a two stage incineration system including a rotary kiln primary combustion
chamber (PCC) and a secondary combustion chamber (SCC), an air pollution control system, a fan and
stack.

OPERATING CONDITIONS
The minimum operating conditions selected for the Fort A.P. Hill remediation are described in

Table 3. These conditions were proposed after investigating data established during previous tests and
remediations that have proven to be effective in destroying dioxins and/or related hazardous materials.
The incinerator system operations were wholly monitored, controlled and logged by computer. Even
under worst-case conditions, these conditions assured complete dioxin destruction (99.9999%).

REMEDIATION -• EQUIPMENT AND OPERATIONS

SITE PREPARATION

The location to set up and operate the thermal destruction unit (TDU) was selected because of
the availability of 3-phase power and access to an already cleared and fenced area from a paved road.

Everything necessary to do the job had to be trucked to the site. The site preparation
requirements included making provisions for equipment installation, utilities, personnel, equipment
decontamination areas, institutional and containment controls, and a support area. Figure 1 shows the
site layout. Utilities required for Derations included electricity, water, telephone service, and propane
gas as fuel for the incinerator. Ample lighting was installed at the site to assure a well-lit area during
evening and night operations.



The remedial action site was cleared and covered with gravel. Selected ereas, on which the
heavier equipment was to be situated, were surfaced with asphalt. The site was secured with a chain link
fence after the incinerator and shredder trailers were placed in the exclusion zone.

The area outside the fence was organized into a support area. The support area consisted of two
decontamination trailers, three project trailers, three water tankers, and other support items. The
personnel access to and from the exclusion zone was controlled io require passage through the
decontamination trailers via the contamination-reduction zone. All other entry and exit points were
restricted.

A high-vertical-clearance wooden building with a wooden Soar was erected in the exclusion
zone to house the outlet of the shredder, the ten bins used to store the shredded feed material, the small
forklift, the weigh scale and the incinerator feed hopper. The building was kept under slight negative
pressure to contain any fugitive paniculate emissions that might have been generated during the waste
shredding and incinerator feed operations.

A bermed decontamination pad was installed to accommodate the staging of drums and
decontamination of drums and equipment. The high-pressure water spray used for decontamination was
collected in an area of the decontamination pad equipped with a sump.

HEALTH & SAFETY
All personnel at the site were required to abide by the master health and safety plan prepared

for the remediation. All personnel were safety-trained in accordance with CFR 1910.120, and
participated in a medical surveillance program.

The hazard posed to the workers performing activities at the Fort A.P. Hill site was generally
rated as low. This rating was based on .he fact that the dioxin-contaminated materials were already
contained in drums, the hazards were primarily associated with dioxin adsorbed on particulates, and the
remediation was short in duration. The low-hazard ranking due to short-duration operation was a major
benefit associated with the small-scale operation.

The remediation site was segregated into two distinct fenced work areas: the drum storage area
and the exclusion zone. The fenced drum storage area was used to store the drummed, contaminated
wastes, the drummed incineration residues, and the storage tank for the carbon-treated contaminated
water. All workers were required to be in Level D protective gear when working in the drum storage
area.

Workers in the exclusion zone (where the shredding, incinerating, and handling of the
contaminated material were performed) were required to be in Level C protective gear, which includes a
full-face air purifying respirator to protect against particulates. The standard Level C protective gear
was modified to include a second layer of protective clothing ( T Y V E K ' ' ) . This second layer of
protection was added to reduce any off-site migration of contaminants via underclothing and to
eliminate on-site washing of the clothing. All employees who entered the exclusion zone to perform
their duties were required to shower in the shower/locker trailers prior to leaving the site. An M&E
health and safety officer, assigned for each of the three shifts, was responsible for the well-being of the
site workers.

Once the first waste-containing drum was opened, the safety levels for each zone were formally
in effect 24 hours a day. These levels were not downgraded until incineration was completed, the



temporary building was demolished, the site was cleared, and all site samples were found to be free of
dioxin.

MATERIALS HANDLING PRIOR TO INCINERATION
Drums were trucked to the incineration site in 31 trips between the site and the warehouse.

Drums were stored within the fenced areas.
Once the incineration began, the drums were staged on the decontamination pad in the

exclusion zone, opened, and fed to the shredder. The contents of the 55-gaIlon overpack drums were
dumped into the shredder hopper with a forklift equipped with a drum-handling attachment (a
grappier). The forkiift and grappler replaced an electronic arm hydraulic drum-handling equipment
because the latter equipment was bulky and difficult to maneuver in the limited space of the drum-
staging area. The drums were fed in a pre-determined sequence according to waste-type categories to
assure a homogeneous feed. Drum handling posed logistical difficulties due to limited space, poor
weather conditions, and incorrectly marked drums, which markedly increased the amount of time
required to feed drums. Mislabeled drums caused non-homogeneous feed -- initially resulting in an 80%
wood feed that caused incinerator temperature maintenance problems. M&E adjusted to this condition
by improving quality control documentation measures and modifying the predetermined drum feeding
sequence.

Other difficulties were more difficult to overcome. The contents of some of the drums were
frozen. Record-breaking low temperatures for the month of March in Virginia, created significant
difficulties with emptying the drums. Some of the equipment was not operational due to snow and ice.
Fiberpacks leaked, and their contents froze against the overpack drum walls.

Time lost due to these difficulties was minimized due to rapid adjustments and decisions made
on site. Frozen contents of the drums were manually pounded out using a sledge hammer. Manual
equipment replaced the hydraulic equipment used to feed waste into the shredder.

M&E planned to re-use decontaminated 55-gallon overpack drums to contain the ash and other
residues. However, some of the overpack drums had corroded and exhibited pinholes from the
deterioration resulting from four-year storage of wet materials. Therefore, new drums were ordered,
delivered the next day, and used for containment of the ash.

Once shredded, materials were collected in metal bins inside the wooden building. A small
forklift, dedicated for operations inside the building, was used to move the bins from the outlet of the
shredder to the weigh scale to the incinerator feed hopper.

The shredding initially operated 12 hours daily. This generated sufficient shredded material for
the entire 24 hours of operation during mild weather conditions. Shredding operations were extended
to 15 hours in cold weather due to the drum handling problems noted above. Shredder operation was
extended to 18 hours when feed material had to be reshredded. Reshredding was required by the
incineration subcontractor to reduce the shredded-feed dimensions to accommodate their ash-discharge
conveyor requirements.



INCINERATION
The selected incineration unit had been proven to be capable of complying with all the

hazardous waste incineration technical standards set by RCRA and TSCA. The primary combustion
chamber (PCC) that was used was a counter-current, cylindrical, refractory-lined rotary kiln. The non-
combustible materials (ash) were discharged through the "bottom" ash conveyor.

Combustion of the off-gases generated during the destruction of the organic materials in the
PCC (kiln) was completed in the SCC, a co-current afterburner. The off-gases from the afterburner
were cleaned in a three-stage scrubber system to remove acid gases and other impurities in the gas
stream. Cleaned flue gas was exhausted to the atmosphere.

M&E submitted, as part of the remedial design plan, an explanation why a trial burn was not
necessary at the Fort A.P. Hill site. The demonstrated performance of rotary kiln systems at well-
defined operating conditions on materials of similar composition was sufficient to verify that the
incinerator would provide effective destruction of the hazardous organic constituents. Operational
controls provided better assurance of contaminant destruction than a trial burn would have.

The start date for the incineration was delayed several times. The first delay occurred because
the truck driver delivered the incinerator controls/equipment to Bowling Green, Kentucky instead of
Bowling Green, Virginia. It took several days to locate the instrumentation/controls and have it
delivered. A second major delay resulted when large pieces of refractory broke from the kiln during
controlled heating of the unit to temperature. The system was cooled, the refractory was repaired, and
the system reheated tc temperature before incineration could begin.

The incinerator requires as long as 48 hours of controlled heating to reach operating
temperatures. The unit's temperature had to be maintained 24 hours per day to avoid repeating the
heat-up period. Therefore, the incineration of contaminated materials was performed in a 24-hour-per-
day, seven-days-per-week operation. Each subcontractor devised their own staffing schedule, which
allowed for personnel overlap. The staffing schedules of each subcontractor were staggered to avoid
crowding in the decontamination trailer and the contamination reduction zone.

The short duration of the remediation allowed subcontractors to operate with two or three shifts
daily until all work was completed. This allowed smaller crews to complete the remediation than would
have been required for a long-term remediation.

Incinerated material totaled 190 tons (380,000 lbs). The feed rate for the system ranged from
1400 to 2600 lbs per hour. The range of operating temperatures for the unit are described in Table 4.

The minimum PCC operating temperature achieved during remediation differed from the
proposed operating temperature. The proposed conditions, based on tests at other sites, applied to a co-
current-fired PCC system. A counter-current PCC has a different kiln temperature profile than a co-
current kiln. M&E adjusted the discrepancy between the proposed and actual temperature and verified
adequate destruction temperatures by placing five thermocouples across the outside of the primary kiln
and measuring surface temperatures. A temperature of 300° F on the outside surface of the kiln was
calculated to correspond to a PCC outlet temperature of 857° F and an inside kiln surface temperature
of approximately 1490° F ~ which is above the proposed minimum kiln operating temperature.

Another problem encountered during the incineration arose due to an inconsistency between
the two feed-weighing systems (a weigh-scale in the enclosure and a weigh-belt feeder to the
incinerator). The measured amount of processed waste differed by more than 25% between the two
weighing systems. As the incineration subcontractor was paid on a per-ton-incinerated basis, accurate



feed rates were essential. This inconsistency was resolved by recalibrating the scale and weigh belt using
a known amount of sand. The results of this exercise determined that the weigh belt reading was 25%
too high. Other major problems included the periodic breakdown of the ash conveyor, pump failure in
the air pollution control system, and a buildup of "fly" ash in the SCC.

The shear pins on the ash conveyor failed numerous time during operations. Each conveyor
failure took several minutes to Gx. Other times, pieces of metal would catch in the conveyor chain,
rendering the conveyor inoperative. This problem took as long as six hours to repair. An improved
conveyor design might have reduced these problems.

The system was shut down for several days due to excessive buildup of "fly" ash in the SCC. The
system was cooled, the combustion chamber cleaned, and the system was re-heated to temperature.

Even with the numerous difficulties encountered and the unavoidable delays, the 190 tons of
material were incinerated in 38 days. The total remediation effort (site preparation to site closure) was
completed in less than two months (except for final residue staging and disposal).

MATERIALS HANDLING AFTER INCINERATION
The kiln ash was discharged through an enclosed conveyor and deposited in re-conditioned 55-

gallon steel drums. An aliquot was collected from each filled ash drum as part of a daily composite
sample. The filled drums were sealed and labeled (date and time) and moved to a temporary area
designated in the 'hot' zone. During the nighl shift, after shredding operations had ended for the day,
the drums were decontaminated and moved to the storage area.

At the end of every 24 hours, each composite drum was sealed and thoroughly mixed before
being reopened and a sample collected for analysis. Tnis drum was sealed, labeled, and placed with the
other ash drums.

SAMPLING AND ANALYSIS
Daily composite samples of the incinerator residue were collected and shipped to the analytical

laboratory. The samples were analyzed for polychlorinated dibenzo-p-dioxins (PCDDs) and
polychlorinated dibenzofurans (PCDFs) on a 48-hour turnaround basis, using EPA Method 8280, as
specified in 40 CFR 261, Appendix X. Results from the analysis of the dioxin congeners were weighted
according to Toxicily Equivalent Factors (TEF). These factors convert data on dioxin/furan isomers into
an equivalent toxkity of 2,3,7,8-TCDD. Toxicity equivalents for dioxins and furans are shown in Table 5.

For the Fort A.P. Hill site, the acceptance criterion for the incineration process was set so that
the ash or other residues of incineration had to be proved to contain less than 1 part per billion (ppb)
TEF of 2,3,7,8-TCDD. M&Ewas prepared to re-incinerate all materials that did not meet this criterion.
None of the materials required re-incineration.

In addition to the FCDDs and PCDFs tests, the ash samples were also subjected to the
Extraction Procedure Toxicity (EP Tox) test, as specified in 40 CFR Part 261, and a Toxicity
Characteristics Leaching Procedure (TCLP) analysis, as specified in 40 CFR Part 268. The EP Tox
leachate was analyzed for the eight RCRA metals and the pesticides and herbicides detected in the
samples of material at the site to assure that the residues would not be considered toxic. The TCLP
extraction was analyzed for PCDDs, PCDFs, and chlorinated phenols to assure that the residues (F028
wastes) could be land disposed.



Dioxin-contaminated soils (F027 wastes) are considered acutely hazardous wastes. Residues
resulting from incineration of dioxin wastes are still considered hazardous because of toxicity, and are
classed as F028.

ANALYTICAL RESULTS
The residuals generated during the remediation that required disposal were: ash, SCC ash (the

"fly" ash collected from the SCC), air pollution control system filter cake, and the treated process water.
The personnel protective gear (TYVEKs, gloves, etc.) worn on site was incinerated daily. The carbon
used to treat the process water and decontamination pad sump sludge was also incinerated as part of site
closure. The ash, the secondary ash, and the filter cake were tested for dioxins/furans, EP toxicity, and
TCLP analysis.

The post-incineration residues that required disposal were: final decontamination pad sump
sludge, two drums of carbon, personnel protective gear generated after the incinerator shutdown,
shredded wood, and miscellaneous debris. The post-incineration residuals were only tested for
dioxins/furans. The analytical results for these samples are shown in Table 6, along with the regulatory
limits.

SITE CLOSURE
Preliminary decontamination procedures commenced soon after laboratory confirmation that all

ash samples from the drummed waste had met the EPA dioxins/furans criteria. Heavy equipment, hand
tools, ani other miscellaneous items that were no longer needed were decontaminated and removed
from the exclusion zone. The secondary wastes (decontamination pad sump sludge, carbon, vacuum
filters, the floor of the wooden building, and miscellaneous debris) wers incinerated. This insured that
all of the contaminated materials had been incinerated.

Site closure activities continued by dismantling the wooden building. The shredder was then
decontaminated and used to shred the wooden building and the wood pallets used in storage of the 1,138
waste drums. The building and the pallets were shredded separately, sampled, analyzed, and stored in
their own roll-off container for disposal. A temporary enclosure was constructed on top of the shredder
and feed conveyor to contain fugitive emissions during closure activities.

Upon verification that all residue analyses met EPA standards, it was determined that
incineration was complete. The incinerator was run for an additional two hours at elevated
temperatures to assure complete contaminant destruction. During this time, the shredder and the
remaining equipment was decontaminated. After all the equipment was removed from the fenced area,
the exclusion zone was thoroughly cleaned.

The waste water from personnel and equipment decontamination was treated by carbon
adsorption and stored in a tanker. The water was sampled and found to contain traces of 2,3,7,8-TCDD
(at part-per-trillion levels). The water was retreated by carbon adsorption and resampled. The carbon
used for retreating the water was also sampled. When re-tested, the water and the carbon did not show
detectable TCDD.

Samples of various areas in the exclusion zone were collected and analyzed to verify that the site
had not been contaminated during the remediation.



RESIDUE DISPOSAL
M&E prepared the RCRA waste codes for each residue and the Cnal disposal destination. A

residue disposal scheme, delineated in Table 7, was approved by USATHAMA and concurred with by
U.S. EPA.

All residuals generated as a result of the remediation have been properly disposed at permitted
treatment and disposal facilities. The off-site disposal option is not available to large-scale dioxin sites.
However, off-site disposal allowed the Army to "close the chapter on the dioxin saga" at Fort A.P. Hill by
completely destroying all contamination and shipping the residues off site.
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TABLE 1

Chemicals Detected In Excavated Soils
at Fort A.P. Hill

Compounds
Range of Concentrations

Detected (ppm)

•2,3,7,8-TCDD

Lindane

O,P'-DDD

P,P'-DDD

P.P-DDE

O.P'-DDT

P,P'-DDT

Chlordane

PCB (Aroclor 1260)

2,4-D (2,4-dichlorophenoxyacetic acid)

*2,4,5-Trich]orophenol

""Silvex (2,4,5 Trichlorophenoxy-propionic acid)

Pentachlorophenol

ND-1.03

ND-0.008

ND-0.04

ND-0.04

ND-1.88

ND-0.66

ND-2.64

ND-0.10

ND-0.25

ND-0.74

ND-1.98

ND-1.57

ND-0.89

Chemical constituents for which wastes are listed under F027



TABLE 2

Contaminated Materials Stored in Drums in Building PO1288
at Fort A.P. Hill

Number of Drums Contents

767 Soil

186 Cinder block (broken up)

120 Wood (cut up)

Total 1,138 Drums

65 Miscellaneous:
Debris, Carbon, Lab wastes
(bottled liquids, primarily,
methanol and trichloroethylene)

Source: EPA Region 3 Report "Summary Report for ERCS Action: Dioxin Contamination at
Fort A.P. Hill, Virginia."



TABLE3

Minimum Operating Conditions Proposed for Mobile Incinerator
at Fort A.P. Hill

Parameter Operating Conditions

Kiln Temperature

SCC* Temperature

Stack Oxygen

Stack CO

SCC Retention Time

Chloride Removal Efficiency

Destruction and Removal Efficiency

Paniculate Emission Rate

1400 degrees F, minimum

2048 degrees F minimum

4 percent, mimimum

100 ppm by volume, maximum

2 seconds, mimimum

99% minimum or 4 lb/hr., maximum

99.9999%, minimum

180 mg/dscm, maximum

SCC represents the Secondary Combustion Chamber



TABLE 4

Incinerator Operating Temperatures

Parameter
Range of Operating Conditions

Proposed Actual

Primary Combustion Chamber
Temperature

Secondary Combustion Chamber
Temperature

1400 -1500° F

2050 -1500° F

*857 -1323° F

2214 - 2240° F

857° Fin a counter-current kiln was determined to conespond to 1490° Fin a co-current kiln



TABLES

Detection Limits/Toxicit} Equivalents For CDDs and CDFs

Compound
Groups

Total TCDDs

Total PeCDDs

Total HxCDDs

Total HpCDDs

Total TCDFs

Total PeCDFs

Total HxCDFs

Total HpCDFs

Detection
Limits

£0.1 ppb

£ 0.5 ppb

< 2.5 ppb

£ 100.0 ppb

£1.0 ppb

£1.0 ppb

£10.0 ppb

£.100.0 ppb

Toxicity
Equivalence

2,3,7,8-TCDD

1

0.5

0.04

0.001

0.1

0.1

0.01

0.001

Total TEF Based on
Maximum Detection
Limit

TEF Contribution at
Maximum

Detection Limit

0.1 ppb

0.25 ppb

0.1 ppb

0.1 ppb

0.1 ppb

0.1 ppb

0.1 ppb

0.1 ppb

0.95 ppb
2,3,7,8- TCDD
Equivalent

NOTE: If each of these groups is present at 1 ppb (as in the. allowable TCLP requirements) the
TEF would be 1.7 ppb 2,3,7,8-TCDD equivalent.



TABLE 6

Analytical Results of the Residual Samples
at Fort A.P. Hill

Matrix

No. of Samples
Collected Dioxins/Furans Chlorinated
Analyzed 2,3,7,8-TCDD equivalent Herbicides

EP Toxicitv TCLP
Inorganics Pesticides/ Dioxins/ Phenols

PCBs Furans (PPm)

Soil sample
of general area

Site background
soil/gravel

Ash from incineration ' '
of dioxin-contaminated
material

"Fly* ash from secondary
combustion chamber

Post-incineration (4)
"Fly" ash from secondary
combustion chamber

13

ND

ND

ND

ND

0.19 ppb

Filter cake

Waste water
after carbon treatment

Water after retreatment
with carbon

Carbon from initial
treatment of process water

Carbon from retreatment
of process water

1

1

1

1

1

ND

17.5 ppt

ND

ND

ND

ND

ND

ND

ND

ND ND

ND

ND

Barium ND
Chromium (0.083)
Nickel (0.049)

Barium (0.043) ND

Barium (0.165) ND
Cadmium (0.098)
Nicke! (0.091)

ND

ND 2,4,6 Trichlorophenol
(ND - 0.007)

ND 2,4,6-Trichlorophenoi (0.006)

ND 2,4,5-Trichlorophenol (0.05)

2,4,6-Trichlorophenol (0.009)



Matrix

Trash

Wood building

Wood pallets

Final site background
soil/gravel

No. of Samples
Collected
Analyzed

1

8

8

1

Hinviiu /Pilranc

2,3,7,8-TCDD equivalent

0.48 ppb

ND

ND

ND

Table 6

Chlorinated
Herbicides

-

-

•

(Continued)

EP Toxicitv
Inorganics

(ppm)

-

-

-

*

Pesticides/
PCBs

-

-

-

Dioxins/
Furans

-

-

-

TCLP
Phenols
(ppm)

-

-

-

(1) ND - not detected

(2) (-) - not analyzed

(3) Chromium and nickel were only detected in one simple.
Regulatory limits:

Inorganics -
Barium -1 ppm
Chromium - 5 ppm
Nickel -16 ppm

Phenol -

2,4,6-Trichlorophenol - <0.05 ppm

The barium concentration exceeded the regulatory limit of 1 ppm in one ash sample. The ash was stabilized by the disposal facility prior to being Iandfillcd.

(4) Regulatory limit for cadmium is 1 ppm.



TABLE 7

Waste Code And Final Destination
of Residues Generated at

Fort A.P. Hill

TYPE(l) WASTE CODE DESTINATION^)

Ash

SCC Ash

Filter Cake

Treated Water

Tyvelcs, Misc.

Carbon

Sump Sludge
Non-Hazardous

F028

F028

F028

Non-Hazardous

Non-Hazardous

Non-Hazardous

F028

USPCI

USPCI

USPCI

duPont

USPCI

USPCI

USPCI

(1) Shredded wood and decontaminated overpack drum disposal was arranged by others.

(2) USPCI - U.S. Pollution Control, Inc., in Waynoka, Oklahoma
duPont -- duPont facility in Deepwater, New Jersey
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ABSTRACT

Progressive changes in regulations governing the disposal of the nation's radioactive and
hazardous wastes demand the development of more advanced treatment and disposal systems. The
U.S. Department of Energy's Radioactive Waste Technology Support Program (formerly the Defense
Low-Level Waste Management Program) was given the task of demonstrating the degree of excellence
that could be achieved at reasonable cost using existing technology. The resulting concept is a
Waste Treatment and Disposal Complex that will fully treat contact-handled mixed and low-level
radioactive waste to a disposable product that is totally liquid-free and approximately 98% inorganic.

An excellent volume reduction factor is achieved through sorting, sizing, incineration,
vitrification, and final grouting. Inorganic waste items larger than 1/4 in. will be placed in inexpensive,
uniform-sized, smooth-sided, thin-walled steel boxes. The smaller particles will be mixed with sulfur
polymer concrete and pumped into the boxes, filling most voids. The appendage-free boxes
measuring 1 x 1 x 1 m will be stacked tightly in an abovegrade, earth-mounded, concrete disposal
vault where a temporary roof will protect them from rain and snow. A concrete roof poured directly on
top of the dense, essentially voidless waste stack will be topped by an engineered, water-shedding
earthen cover.

Total cost for design, construction, testing, 30 years of treatment and disposal, administration,
decontamination and decommissioning, site closure, and postclosure monitoring and maintenance will
cost less per cubic foot than is currently expended for subsurface disposal. A radiological
performance assessment conducted by Rogers and Associates Engineering Corporation shows this
concept will exceed the nation's existing disposal systems and governmental performance objectives
for the protection of the general public by a factor of 30,000.

a. Work supported by U.S. Department of Energy, Idaho Operations Office, under DOE Contract No.
DE-AC07-76IDO1570.



BACKGROUND

Public demands for more environmental protection, problems associated with hazardous and
mixed waste, and the closure of many low-level waste disposal sites (primarily because of water
intrusion and subsequent atmospheric contamination) required action. The U.S. Nuclear Regulatory
Commission (NRC), U.S Department of Energy (DOE), U.S. Environmental Protection Agency (EPA),
and various agencies of state governments met the challenge with increasingly stringent treatment
and disposal requirements for low-level radioactive waste (LLW). Even tighter controls seem likely in
the future.

However, rising oil prices and new direction in environmental regulations concerning acid rain,
the ozone layer, hazardous waste, etc. were making nuclear energy more environmentally acceptable
to the public, if not preferable.

DECISION TO STUDY

In response to both the need for publicly acceptable LLW disposal and the need for
responsible construction of nuclear power plants and weapons systems, DOE's Radioactive Waste
Technical Support Program (formerly the Defense Low-Level Waste Management Program) was
funded by DOE Headquarters to draw from the best of the free world's existing (state-of-the-art) waste
treatment and disposal technologies, and create a concept for waste treatment and disposal that
would achieve maximum volume reduction and ideal disposal with maximum environmental preelection.

The developmental document was expected to confirm the belief that the nuclear industry
could combine its assets and produce a top-of-the-line treatment and disposal program at an
economical price. Because of time and budget constraints, the decision was made to limit the scope
of the project to solid LLW of a volume typical of the national average. Volume-reduction /actors were
to be based strictly on known data that could be substantiated by operational LLW volume-reduction
programs. The only DOE: site with significant waste treatment was the Idaho National Engineering
laboratory (INEL) at Idaho Falls, Idaho. Coincidental, the INEL was the only site with LLW content
codes, so INEL waste was selected for modeling purposes, if the concept proved realistic, the
conceptual design coulcl be used by any DOE (or commercial) site in the United States as the genesis
for final design of a treatment and disposal complex for the specific waste to be processed at that site.
If proven sound, further efforts to improve the concept would be pursued.

As a minimum, trie design would meet the requirements of 10 CFR 61 and Chapter III of DOE
Order 5820.2A, the regulations of state governments, and the perceived desires (realistic desires) of
the public. In general, the treatment and disposal concept to be developed would significantly reduce
the chance of contaminating the environment, reduce future liability, and improve public perception of
the nuclear industry.

COMPLETED STUDY

The resulting report, Application of Existing Low-Level Waste Technology Offers 17-To-i
Volume Reduction and Enhanced Disposal At Low Cost.7 was published in October 1968. The report
is available upon request from this author. Throughout this summary, the report will be referred to as
The Report.' The resultant Waste Treatment and Disposal Complex will be referred to as the "WTDC."

ORIGINAL EXCLUSIONS

The treatment facility was to treat only contact-handled solid LLW. Combustible liquids were
excluded from treatment Pyrophoric waste, sludges and resins were to be stabilized in high-integrity
containers (HICs). Remote-handled waste (waste packages emitting >500 Mr/h at contact) was
excluded from both treatment and from cost development because they were already being
successfully placed in casks by the generators. Melting was a viable option, particularly for



declassifying metal waste, but none of the waste analyzed for this study was classified, so melting was
excluded. Organizational responsibilities did not include mixed waste at that time, so it was excluded
from treatment.

No options were to be considered. The task was simply to determine the feasibility and
benefits of a single concept - that the prototype treatment and disposal complex would be designed
to handle the majority of LLW categories, and any site could add any features they deemed
necessary to accommodate the peculiarities in their own unique, site-specific, special-case wastes.
The wastes excluded from treatment comprised less than 5% of the total. However, since the original
development of this concept in 1988, most of the exclusions have been eliminated.

MORE RECENT DEVELOPMENTS

The original 1988 design is functional as it stands, but improvements have been rr.3de tc the
concept, even though no effort has been made to update and reissue The Report. What is described
herein reflects the latest developments. The cost of design, construction, and operation is expected
to increase only slightly, because some equipment has been added or removed, and some processes
have become more complicated or simplified. It has been decided to include the cost of developing
new roads, power lines, and utilities for placement of the complex on previously unused land,
additions that raise the cost somewhat.

Specifically, a 5000-ton compactor was eliminated altogether; a joule-heated melter was added
to accommodate sludges, resins, and possibly pyrophorics; use of reusable waste transport bins was
increased dramatically; sulfur polymer cement is to be used as the waste solidification agent instead
of Portland cement; mixed waste will be accommodated; and combustible liquids will be treated.
These changes accommodate a!! of the wastes looked at, rather than only 95%. There may, of
course, be wastes that cannot be treated adequately with existing equipment, but they are expected
to be in the extreme minority.

DESIGN AND OPERATION

in almost all past cases, waste treatment activities have been separated from disposal
operations. That concept resulted in miscommunication, transportation problems, health physics
problems, unnecessary contamination spread, and duplication of records, guards, workers, and
management. A key concept behind the WTDC is to locate the Waste Treatment Facility (WTF) and
the abovegrade, earth-mounded concrete disposal vault (AGEMCV) on one site, allowing a single
team under one manager to handle both treatment and disposal. Waste would be treated
appropriately in the WTF, then transported to the AGEMCV via an automated, short-haul, dedicated
transfer system. This feature eliminates cost, and potential problems associated with health-physics
inspeaions and U.S. Department of Transportation (DOT) regulations governing the shipping of low-
level radioactive wastes. Workers would be cross-trained, resulting in ongoing operational
improvements. The WTF will fully treat all entering waste using exactly the same treatment processes,
regardless of DOE or NRC waste classification. The WTDC would be a total system concept, a
complete facility for economically managing both the treatment and disposal of LLW.

Unsorted Waste and the Sorting Table

Some 65 vol% of the overall waste generated will be transported to the WTF in standard-sized,
reusable, double-lid bins measuring approximately 4 x 4 x 7 ft. Waste in those bins will be transferred
by a double-lid transfer system to a lazy-susan sorting table, which is similar to baggage claim
systems found in airports. Approximately 25 vol% of the total generated waste consists of organic
waste such as plastic bags, wipes, shoe covers, and rags that can be separated from inorganic waste
at the sorting table and routed to the organics shredder via conveyor. (This sorting feature has since
been added to the fully operational waste treatment line in the Scientific Ecology Group's waste



treatment facility at Oak Ridge, Tennessee.) The remaining waste is inorganic, and is routed by
conveyors for piasma-arc torch sizing, shear sizing, shredder sizing, or is routed directly to the fines
separator.

Sorting is the key to achieving 1900% volume reduction in the WTF. To achieve that volume
reduction, it is essential that nearly all of the generated solid LLW be routed through the WTF. Waste
sorting inside the WTF and sorting by the generators will make it possible and practical to incinerate
nearly all organic material. An estimated 98 vol% of the waste leaving the WTF will be inorganic,
which dramatically minimizes previous problems with waste degradation, gas generation, and
subsidence after disposal.

Reusable Bins

In the original report, reusable bins were only routed to the sorting station. The most recent
concept calls for reusable bins containing generator-certified segregated waste to be routed directly to
the applicable treatment station (incinerator, joule-heated melter, sizing area, organics shredder,
inorganics shredder, and fines separator). While this change will increase design and construction
costs, it will reduce operating costs and radiation exposure of the workers.

Organic Waste Sizing.

Organic waste in reusable bins and from the sorting table will be transported to the organics
low-speed shredder for fluffing, splintering, and general size reduction, all of which aid in total
combustion. This waste will be packaged and routed to the incinerator.

Controlled-Air Incinerator

Approximately 30 vol% of the waste is dry incinerable waste packaged in cardboard boxes by
the generators and delivered to the WTF in reusable international cargo containers. That boxed waste
will be routed directly to the WTF incinerator without sorting. On the other hand, railroad ties, timbers,
pallets, etc., that cannot be placed in reusable bins will be delivered through the sizing area airlock
and routed through the WTF to the organics shredder. Generator-certified, dry organic waste in
reusable bins, along with organic waste from the sorting table, will be routed directly to the organics
shredder. Organics exiting the shredder will be packaged for incineration in a dual-chamber,
controfled-air incinerator. The incinerators used are the same type as those successfully used at
INEL's Waste Experimental Reduction Facility (WERF), and at the Scientific Ecology Group.

Some 25 vol% of the organic waste will come from the sorting operation. Altogether, about
55 vol% of the total generated waste will be incinerated and the contaminated ash will be blended into
a grout mixture for an overall volume reduction of approximately 124 to 1. Periodically, fly ash will be
routed pneumatically to the fines blending tank. Hearth ash will be transported to the fines separator.
The incinerator will be used to combust flammable liquids (a new feature). The incinerator's
secondary combustion chamber provides 3 seconds of resident time at 2200°F, which will
accommodate most mixed waste.

Inorganic Waste Sizing

Approximately 5% of the generated waste consists of large metal items that require sizing
before being placed in the disposal box. Jigs, fixtures, and other cumbersome, contaminated metal
waste items too large for delivery in reusable bins will be delivered directly to the sizing area through a
large airlock. Other large metals will be delivered directly from the generator to the sizing area via
conveyor from the sorting table and also via reusable bin. Once sized by plasma-arc torch or shear,
those inorganic items can be placed in the low-speed shredder for further sizing, or placed directly in
the fines separator.



Reusable bins filled with inorganics such as glass, rock, bricks, and reinforced concrete
(usually from decontamination and decommissioning efforts) will be delivered directly to the inorganics
shredder. The shredder will feed its residue to the fines separator.

Fines Separator

Shredded inorganic waste, incinerator hearth ash, floor sweepings, and designated waste in
reusable bins will be routed directly to a Tines separator where particles 1/4 in. and smaller will be
removed and transferred to the fines blending tank by pneumatic conveyor. The larger items will be
conveyed by the fines separator to the inorganics accumulation and staging table.

Inorganics Accumulation and Staging Table

Inorganics larger than 1/4 in. coming from the sizing area and the fines separator, and
possibly reusable bins, will be accumulated on an enclosed table with a 3-ft by 3-ft hole in it. When a
disposal box has been affixed to the bottom side of the hole, selected inorganic waste will be pushed
into the hole by a rake manned by an operator on the outside of the containment. Once the box is
sufficiently full, it will be seaied and moved to the grouting area.

Fines Blending Tank

Fines from the fines separator, bag house, and incinerator hearth will be routed to the fines
blending tank on the second floor via pneumatic conveyors. Plasma-arc torch residue, floor
sweepings, and dust from dust collection systems throughout the WTF are also routed to the fines
separator. Dirt, sand, glass, rock, concrete, and gravel introduced to the shredder or to the fines
separator will provide a large portion of the fines. The fines will be used as aggregate for grouting.

5000-Ton Compactor

Originally, all the inorganic waste larger than 1/4 in. was to be routed to a "puck" box. The
puck box is filled, sealed, and automatically routed to a 5000-ton compactor, where it would be
reduced to a rectangular "puck." Since this sealed puck would contain voids that could not be
reached by grout, it meant that maximum volume reduction could not be achieved. This expensive
compactor was eliminated from the WTF. Its elimination reduces equipment, space, maintenance,
personnel cost, worker radiation exposure, and downtime, while improving the end product.

Joule-Heated Melter

Sludges and resins will be routed to a joule-heated merter for vitrification. Since the
temperatures reach 3000°F, some special-case mixed waste may also be directed to this system. It is
believed that pyrophorics up to 0.5 wt% can be treated in this merter. The resultant glass will be
poured in small quantities and placed in the disposal box for grouting. The joule-heated melter is a
new addition to the WTF. In regard to the original cost estimate, its cost impact is expected to be
negligible since $200/ft3 was provided for this waste before the joule-heated melter was added.

Waste Grouting System

Grouting is the final treatment All inorganic waste items larger than 1/4 in. surviving the fines
separation will be placed in inexpensive, uniform-sized, smooth-sided, thin-walled, carbon-steel
disposal boxes measuring 1 x 1 x 1 m. When filled, a thin lid with two cylindrical openings will be
permanently affixed to the box by a robotic welder. It is extremely important that the boxes be exactly
the same size for void-free stacking in the disposal vault; therefore, the box will be supported on all six
sides by a heavy metal mold-form that will also prevent bulging and assure the final shape is uniform.



Sulfur polymer concrete (SPC) mixed with the contaminated fines (particles smaller than 1/4
in.) will be pumped into the boxes, filling most voids. Since sulfur polymer concrete is liquefied by
heat rather than water, there will be no liquid whatever in the final waste form. In fact, it will be
essential to heat the contaminated aggregate to SPC melt temperature prior to mixing, concurrently
driving off any moisture picked up by the waste from the atmosphere. The mold-form will contain the
disposal box until the sulfur polymer concrete has cooled enough to become firm. (Once cooled, SPC
has effectively reached its maximum strength, which is twice that of Portland cement concrete.) The
mold-form is removed and the disposal box proceeds through the normal package-identification
procedures (weighing, contamination check, radiation analysis, classification, inventory control, and so
forth). The approved disposal box is then placed on a small, covered railcar and delivered to the
AGEMCV, an abovegrade, earth-mounded, concrete vault, via a dedicated narrow-gauge rail system.

Aboveqrade, Earth-Mounded, Concrete Disposal Vault /AGEMCV)

The appendage-free boxes will be stacked tightly in an AGEMCV. To protect the disposal box
from water, the waste-box delivery zone and the entire vault will be covered by a roof during the years
of vault-filling operations. The AGEMCV is shown in Figure 1.
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Figure 1. The vault is placed above grade and above the probable maximum flood plain with a
sloped engineered cover to keep water from the waste. A water-shedding concrete roof will be
poured directly on top of the dense, essentially voidless waste stack, than topped by an engineered,
water-shedding earthen cover. Waste with the highest radiation or classification is placed on the floor
along the centeriine of the vault, and the most benign waste is placed against the walls and ceiling.
Concreted in identical containers, the waste will have a density of approximately 195 Ib/ft3, and will
support the concrete roof and the earthen cover without subsidence.



VERSATILITY OF THE WTDC

As designed, the WTF could accommodate extreme variations in waste composition, with no
adverse impact on operations. The designed complex allows one area to close for maintenance with
minimal impact on operations in other areas. The WTF is designed to treat waste at a rate of 450,000
f r per year with a single crew working 5 days a week (the average annual volume of waste disposed
of at DOE LLW-disposal sites); however, it will accommodate several times as much waste by
enlarging the operations crew and implementing a three-shift, 7-days-per-week work schedule. As
waste throughput increases, the cost of treatment and disposal decreases, and of course, the
opposite is true.

VOLUME REDUCTION POTENTIAL

Over a 30-year period, the WTF portion of the Waste Treatment and Disposal Complex would
treat 13,500,000 ft3 of incoming LLW and produce 790,000 ft3 for disposal in the AGEMCV. The
technical volume reduction achieved by treatment alone is 17 to 1. The actual volume reduction for
disposal is 19 to 1, which is achieved by using smooth-walled, standard-sized, disposal boxes that are
cubular and have no appendages. This ensures that extremely dense packing in the vaults can be
achieved with essentially no voids. (Cylindrical containers and containers with forklift cleats or lifting
lugs create large voids in today's waste stacks, and promote subsidence.)

The WTDC volume reduction factor is quite significant when compared to the overall reduction
factor of LLW treated at the INEL In 1988, WERF was able to process 60% of the LLW generated on
the site with a volume reduction ratio of 10.5:1 (the most efficient waste reduction ratio in the DOE
system). However, without sorting, the remaining 40% of waste generated at the INEL could not be
processed by WERF. This brought the overall reduction ratio for the INEL site down to 2.5:1. Using
the same LLW generated in 1988 at the INEL, the WTDC would be able to process 100% of the waste,
for an overall volume reduction ratio of 19:1.

A volume reduction ratio of 19:1 is impressive, but this factor will increase and decrease as the
waste composition changes. What is important is that, short of melting, the density for any given
waste will be near the achievable maximum.

COST OF CURRENT WASTE TREATMENT AND DISPOSAL TECHNOLOGY

Current treatment of low-level radioactive and mixed waste is expensive. Many experimental
systems have been constructed, and shut down without processing any waste. Others are minimally
effective.

Current disposal practices are expensive. Disposal containers are expensive, and the
manpower required to place waste in them and seal them is also expensive. The concept of using
high integrity containers (HICs) is very costly and does nothing to enhance the waste form. Different
equipment is required to handle and stack many different container types; high radiation packages
require special handling; stacked packages are covered with earth and then subsidence occurs, and
Health Physics is always involved at both the treatment facility and the disposal facility. All in all,
considerable manpower is expended. Worst of all, most of the waste will probably be dug up and
reprocessed in our life time. The cost has been high, and may skyrocket.

DOE's 1987 Annual Report to Congress seated that disposal of low-level radioactive waste in
earth-mounded concrete bunkers could range from $45/ft3 to $H3/ft3.2 There is little doubt that the
waste that would have occupied those bunkers would not have equaled the quality of WTDC waste,
nor would the radiological performance assessment come anywhere close to that of the WTDC.



COST AVOIDANCE WITH THE WTDC

The WTDC will eliminate a great deal of expense and radiation exposure to the workers by relying on
reusable double-lid bins to transport the waste to the WTF. Automated systems will be used at the
generator's site to move the reusable bins into waste-collection positions, transport the waste to the
WTF, discharge the waste into the appropriate treatment systems, and transport the empty bins back
to the generator. It is the use of reusable containers that provides the major cost savings in the
30-year life of the WTDC:

1. The reusable bin, which will measure approximately 4 x 4 x 7 ft, is a closed system concept of
automated waste packaging. These bins can be placed in the generator's facility at strategic
locations and manually loaded without the manpower-intensive, waste-item wrapping that is
now required, because the 'interior* surfaces of the bin can be exposed to contaminated
zones, while the 'exterior' of the bin is only exposed to clean air. When the bin is full, it is
closed automatically and retracted from the system. The only surface that can be
contaminated is a tiny fine around the lid that can be wiped and swiped quickly. Hardly any of
the normal maintenance and precautions required for today's boxes and drums will be
required (no exterior plastic covering while filling, no knives, no tape, no blotter paper, etc.).
Upon delivery, the same advantages are offered at the WTF; the waste is dumped from the bin
to the treatment system and the bin is closed and retracted with minimal human involvement.

2. Because the waste does not require the wrapping that it now requires, the sorting operators
will spend less time in a contaminated environment unwrapping the waste items. Less time,
less exposure, less cost, and less chance for skin contamination.

3. The WTDC will be disposing of approximately 19 times fewer containers, each of which is
expensive. In contrast, the onetime procurement cost for some 1600 reusable containers that
can be used approximately 100 times is small, and the cost of the WTDC disposal box is quite
small.

4. With 19 times less waste for disposal, there will be less handling, less radiation exposure to
workers, and less disposal land to purchase and manage.

Some people will question the wisdom of constructing an AGEMCV, wondering how we can
justify such an edifice "when it's only for low-level and mixed waste.' There are two strong
justifications: one, it should go a long way in proving to the public that we are serious in our efforts to
clean up the waste; two, it will be less expensive than current concepts. The latter is an example of
early high expense to save later higher expense. The vault and its automatic stacker are expensive,
but the waste is all uniform in size and shape and is stacked with an automated (robotic) system with
essentially no human involvement. Worker expenses in current systems would quickly exceed the
cost of a concrete vault. The computer inventory system will tell the stacker system where to place
each disposal box - it can even store the box on the vault floor until a suitable permanent location is
available. (The most radioactive waste is placed along the centertine of the vault and on the floor,
while the most benign waste is placed along the walls and at the ceiling.)

COST AND QUALITY OF DISPOSAL USING THE WTDC

Based on the preconceptual design presented in The Report, the cost of treatment and
disposal in the WTDC for a 3Ctyear period was S17/fr of incoming waste. With $50M cost-avoidance
for reusable bins, it was $13/fr. So that the cost is .>ot misquoted, it must be explained. The cost
includes design and construction, permits, materials, operating personnel, overhead, environmental
monitoring, post-closure environmental monitoring, operational testing and modification, allowance for
generator-treated waste, decontamination and decommissioning of the WTDC, and post-closure site
maintenance (all based on a 30-year operating life). Cost of transportation was not included since it



would stay essentially the same as it is. In hindsight, transportation probably should have been
calculated and included in the developmental costs. The cost is in 1988 dollars. No interest or
inflationary figures were added. Furthermore, the cost calculations were based on the precise waste
examined, the precise quantity, and the precise rate of treatment used in The Report. The cost was
based on the waste treatment and disposal concept developed in the original 1988 report and has not
been adjusted for the improvements in concept. Any change in these and other variables will change
the cost figure.

The WTDC has been presented across the nation for two years, and some 600 copies of The
Report have been issued, yet there have been no adverse comments except on Portland cement
(which has been replaced) and on how the cost was based on cost avoidance and contained no
inflationary adjustments. An 11 -member Value Engineering team reviewed The Report for a week and
recommended no changes. Rogers and Associates Engineering reviewed the concept presented in
the report while developing its radiological performance assessment of the WTDC and found it to be
30,000 times better than required by governmental agencies.3 This concept has been challenged
many times, and has been proven successful - primarily because it is an amalgam of the nation's
leading research into waste treatment systems.

SUMMARY

Organic waste is incinerated to an inorganic condition, all waste is treated to a water-free
condition, the waste solidification agent has no water in it and is actually impervious to water, the
disposal box is sealed to prevent water entry, a temporary roof keeps water out of the vault during
filling, atmospheric water is kept out of the waste stack by a concrete roof and by a water-shedding
earthen cover over the roof, and groundwater is discouraged from entering the vault by placing the
vault above grade and above the probable maximum flood plain. It is safe to say that reasonable
efforts have been taken to eliminate leaching of contaminants to the environment.

If the WTDC cost were to jump by a factor of 10, the WTDC would still be a bargain. Its
minimal cost is insignificant when compared to the cost and benefit of the nuclear power plants that
might be built if the WTDC were constructed.

CONCLUSION

Even though current disposal systems may meet existing regulations, complete treatment and
enhanced disposal of LLW in abovegrade, earth-mounded, concrete disposal vaults will surely be
perceived by the public as a positive change and may well be a factor in leading the way toward
public acceptance of nuclear power as a pollution-free source of energy for the nation.
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INTRODUCTION

Chemical Waste Management, Inc. (CWM) recently completed
constructing a world-scale hazardous waste incinerator at its Port
Arthur, Texas Facility. The rotary kiln incinerator is located
approximately 10 miles west of Port Arthur, Texas on Texas Highway
73 on 16 acres of a 3,300 acre site. The unit has been designed
to accept and incinerate large volumes of solids and sludges with
a wide range of chemical and physical forms. Trial burns under
RCRA and TSCA were completed in 1989 and the unit became
operational in the summer of 1990.

The incinerator is permitted for up to 150,000 tons per year of
waste with hourly constraints on individual feed devices, (i.e.,
bulk solids conveyor, container ram feeder, lean water atomizer,
etc.), feed concentrations (i.e., Cl, F, TOX, Heavy Metals, etc.)
and heat release (i.e., 79.5 million BTU/Hour in the kiln, 75
million BTU/Hour in the afterburner, and 150 million BTU/Hour,
overall.



Solid, sludge, energetic liquid, lean water, and containerized
wastes are fed into the 16 ft. x 60 ft. kiln which is maintained
at a temperature between 1500 and 1900°F. The kiln rotates at a
nominal 1 RPM tumbling the solid phase waste to expose all portions
of the waste to the high temperature. As the waste is heated,
organics are destroyed in place or volatized and subsequently
destroyed in the gas phase in the kiln or afterburner. The
vertical afterburner is maintained between 2200 and 2500°F with a
minimum combustion gas residence time of two seconds.

In the combustion gas purification train, the gases will be: (1)
adiabatically quenched from approximately 2400°F to 185°F using
water and recirculated scrubber liquid, (2) scrubbed for acid gases
and larger particulates with a NaOH enriched scrubber liquid in two
parallel, packed bed absorbers and (3) scrubbed for fine
particulates in two parallel train, four stage ionizing wet
scrubbers.

Prior to describing the facility and its incineration capability
in more detail, a brief review will be provided of the 1989 supply-
demand for hazardous waste incineration in the United States.

NATIONAL MARKET FOR HAZARDOUS WASTE INCINERATION

MARKET STRUCTURE

There are a number of viable options for the treatment and disposal
of organic hazardous wastes. This segment of the hazardous waste
industry consists of three sub-segments:

o Treatment
Chemical/physical treatment
Recycling and recovery
Stabilization

o Incineration
Wastes burned as fuel
Waste destruction

o Disposal
Landfill
Deepwell

The interaction among these various waste treatment capabilities
can be seen when one examines the flow of wastes through the
various segments.

Figure I depicts the country's organic waste management network.
Shown in this diagram is the flow of waste products and treatment
residues generated by the treatment of generators organic wastes.



In this diagram the following abbreviations have been used: "L"
for liquids, "SL" for sludges, "S" for solids, and "R" for
residuals. This figure is simplified in that it does not show the
movement of all materials but does identify the major flow paths.

Figure I
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Generators of low viscosity, highly recoverable solvents (typically
halogenated solvents, F001-5) utilize solvent recovery facilities
to have their solvents purified and returned. This is an extremely
cost-effective service for generators because recycling waste
results in a cost savings, a reusable raw material (solvent), and
a waste minimization credit.

Generators of non-halogenated solvent wastes (D001) often send
these wastes to solvent recovery operations for disposal. Solvent
recovery facilities may recover a portion of these solvents for use
in solvent products, but most of this waste is blended with still
bottoms and solids and sludges from drums. Solvent recovery
facilities send this blend as fuel value wastes to waste-derived
fuel (WDF) blending operations or directly to the cement kilns to
be used as virgin fuel substitutes.

Solvent recovery and WDF blending facilities generate wastes that
cannot be blended into fuels and burned in cement kilns.



Therefore, these process residues are sent, along with certain
generator wastes, to an incinerator. These wastes are usually high
viscosity sludges or solids, and nearly all contain high levels of
halogens, heavy metals and toxics, whether liquids, sludges or
solids.

As the market continues to evolve due to the regulatory impacts of
the HSWA Land Bans and Boiler and the Industrial Furnace (EIF)
regulations, we believe incinerators will become more dependent on
WDF blending operations. Incinerators will increasingly look to
fuel blending operations to provide high BTU liquids so they can
burn the lower BTU solids and sludges.

Incinerators naturally generate process residues—namely ash and
some type of residue from their gas treatment systems. Under the
Land Ban regulations, many of these residues must be treated to
specific and usually low leaching levels for heavy metals before
they can be placed in a landfill. To comply with these levels and
service and customers' incineration needs, stabilization technology
is utilized. In the end, a highly stable process residue is placed
in a secure, hazardous waste landfill to isolate the waste from the
environment.

Lands Bans have also spurred the development of new technologies,
some of which hold promise in the treatment of certain waste
streams. A large portion of the new technology will rely on
technology already in existence to manage its process residues.

The importance of efficiently integrating all waste treatment
options will grow in the future as the hazardous waste industry
becomes more competitive. In the more competitive market predicted
by most industry experts, waste management companies will have to
stress customer service, marketing skills, and integration of
treatment facilities to successfully compete for business.

INCINERATION DEMAND

We anticipate a shift in the demand and capacity equilibrium for
hazardous waste incineration. The commercial incineration
marketplace consists of two groups of firms upon which demands are
placed to burn organic wastes. .

o Commercial Hazardous Waste Incinerators
Primary business is destruction of waste
Concentrate on solids and sludges and hard to handle
wastes

o Industrial Furnaces (Product Kilns, e.g., cement kilns)
Primary business is production of a product
Burn waste as fuel

- Concentrate on high volume liquid wastes (solvents, etc.)
which are bulked and blended



Incineration demand has grown rapidly over the past several years
due to EPA's Land Bans and the actual or anticipated impact of
other regulations. The banning of liquids from landfills coupled
with the solvent bans generated new business for product kilns.
These restrictions increased product kiln participation in
hazardous waste incineration from a volume of approximately 300,000
tpy in 1985 to over 700,000 tpy in 1989.

Many of the waste streams banned by the solvent ban and the
subsequent "thirds" were solids, sludges and some liquids which
product kilns could not manage. These wastes make up the growing
demand for commercial incinerators. Most estimates place this
demand at approximately 1,100,000 tpy by the year 1994. (Large
volumes of remedial wastes are not expected at commercial
facilities because of on-site options for incinerators and the
potential of emerging new technology and are not included in this
estimate.)

INCINERATION CAPACITY

In terms of future capacity, the outlook is for a more competitive
market. A 1988 EPA survey found that between 1985 and 1987
incineration demand grew 77% while capacity grew 98%. There have
been numerous capacity additions announced by major firms presently
in the market (CWM, ENSCO, Rollins). There have also been over 60
greenfield sites announced, some by entrepreneurs with little or
no experience in the industry; others are by companies
knowledgeable and capable of seeing the projects through to their
successful completion (e.g., ENSCO-Arizona, Clean Harbor, DuPont,
Westinghouse, USPCI). Estimated projected capacity, see Figure II,
includes the expansion plans of current market participants and the
more viable new entrants to the market. Also included is the
capacity of existing product kilns to burn sludges and solids up
to 30% of their current waste fuels capacity.

Some observers believe product kilns will stay away from solids and
sludges because of the problems they present. However, growing
evidence suggests fuel blenders and product kilns are dealing with
the problems by designing and installing systems capable of
processing these wastes. Given the economic attractiveness of the
solids market and the extreme competition that currently exists for
liquids this is only natural.

Temporary capacity shortages should be expected due to the timing
difference between demand and capacity. Both capacity and demand
are added in incremental units. The timing of these additions will
not be perfect, even with the EPA attempting to natch demand to
existing capacity based on studies and surveys. Most industry
observers do not feel long term capacity shortages will exist, but
rather the market will experience temporary disequilibrium due to
timing differences.
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PORT ARTHUR INCINERATOR CAPACITY

The Port Arthur incinerator is permitted to burn a daily maximum
of approximately 500 tons of bulk solids and sludges, 25,000
gallons of aqueous waste, 45,000 gallons of energetic liquids, and
720 combustible containers. The high efficiency absorber units
are designed to collect and neutralize in excess of 40,000 pounds
of acid chlorine (HC1) per day. In addition to the chlorine, waste
containing fluorine (§ 300 lb/hour), bromine, iodine, sulfur (§ 250
lb/hour) PCB (§ 3,172 lb/hour) and various heavy metals can be
accepted and safely burned.

In addition to accepting and incinerating large volumes of high
flash (>140°F) RCRA and TSCA bulk solids (§ 20 tons/hour), the
facility is capable of shredding drums of RCRA and TSCA wastes as
well as PCB containing capacitors.

Due to the high efficiency of the combustion gas purification
train, the facility is permitted for high feed rates of heavy
metals (see Table I) . The blow down from the train will be
disposed of in the on-site, RCRA permittee', deepwell.



TABLE I

MAXIMUM FEED RATES
METALS

Metal

Lead
Cadmium
Vanadium
Mercury
Arsenic
Beryllium
Chromium
Nickel

lb/hr

1,350
240
240
240
48

17.5
900
135

WASTE HANDLING AND FEEDING SYSTEM

The waste handling and feeding system described below will take
full advantage of the rotary kiln's ability to accept large volumes
of a wide variety of chemical and physical forms of hazardous
wastes. Wastes can be accepted in the following chemical and
physical forms: energetic and non-energetic bulk solids, energetic
and non-energetic bulk sludges, energetic liquids, lean water, and
combustible containers. A limited number of steel drums with high
flash point (>14O°F) solids and sludges can also be accepted.

BULK SOLIDS

Dump trailers and roll-off boxes containing high flash bulk solids
are emptied onto the bulk solids building tipping floor. Material
which does not readily flow onto the tipping floor is collected in
pans which are positioned under the trucks as they are unloaded.
The bulk solids are then transferred by a remote controlled,
robotic arm into a "grizzly" screen or into the primary shredder
depending on the nature of the waste. After shredding or
screening, the waste is transported by conveyor to a second
shredder. The finely chopped waste is then conveyed into the bulk
feed weigh hopper for feeding into the rotary kiln.

CONTAINERIZED WASTE

Containerized waste is off-loaded, weighed, inspected, sampled, bar
coded, and stored within the container handling building. Waste
packed in combustible containers, as large as 85 gallons overpacks,
once approved for incineration, is conveyed from storage to the
feed conveyor and automatically loaded into the ram feeder. The
ram, which is permitted for a charge every two minutes, feeds the
containers into the kiln through a sealed double door chamber.

Steel drums with high flash solids is transported to the primary
shredder in the bulk solids building for processing. These



shredded steel drums are conveyed to the kiln as a bulk solid.

BULK ENERGETIC AND NON-ENERGETIC SLUDGES

Waste sludges are pumped into one of eight, heated and agitated
vessels. These vessels segregate the sludges according to chemical
compatibility, viscosity, BTU content and other characteristics.
The sludge tanks are equipped to prepare the waste for incineration
through constant agitation, blending with other wastes or solvents
and heating as needed. Additionally, sludges as well as liquids
may be fed directly from tankers and injected through atomizers and
burners into the kiln or afterburner depending on the waste
characteristics and facility needs.

ENERGETIC LIQUIDS AND LEAN WATER

Energetic liquids can be stored in two 103,000 gallon tanks prior
to transfer into day tanks for blending, analysis and incineration
in either the kiln or afterburner. Waste fuels can be used to
provide supplemental heat to the secondary combustion chamber as
needed. The two aqueous tanks will allow for phase separation
blending and analysis prior to being fed through atomizers into the
kiln.

Direct burn capability is provided from the covered, secondarily
contained, truck unloading pads. Waste liquids and sludges which
are reactive, highly odorous, incompatible, pyrophoric, highly
corrosive, unusually bioactive, have a high melt point, etc. can
be fed directly to the incinerator through dedicated pumps, valves
and pipes.

PROCESS FLOW AND EQUIPMENT LAYOUT

After extensive evaluation of the options and an in depth
investigation of customer needs, CWM decided to build a large,
flexible, non-slagging, rotary kiln incinerator with state-of-the-
art capability to accept a wide range of difficult waste streams.
The kiln, secondary combustion chamber, combustion gas purification
train and stack are arranged in a line as shown in Figure III.

The rotary kiln is 16 feet in diameter x 60 feet long and is
equipped with a variable speed drive which is adjusted as necessary
to yield a nominal one hour solid phase residence time in the kiln.
Solids, sludges, liquids, and containerized wastes are fed through
the kiln face-plate, which is maintained between 1500 and 19OO°F.
The combustion gases and ash exit the other end of the kiln. The
ash is discharged from the process through the bottom of the
disengaging chamber, a rotary drum cooler, and into a sealed roll-
off box where it is contained while appropriate analyses are
performed prior to stabilization (if necessary) and landfilling in
a secure (double lined, etc.} RCRA/HSWA landfill.



Figure III

The combustion gases exit the disengaging chamber and enter the
bottom of the vertical secondary combustion chamber (also termed
afterburner). Eight, high intensity, vortex burners are installed
in the lower section of the secondary combustion chamber just above
the kiln combustion gas entrance nozzle. Temperatures in the
secondary are maintained between 2200 and 2500°F by burning
energetic liquid wastes. The gas phase residence time is a minimum
of two seconds from the center-line of the burners to the center-
line of the combustion gas exit nozzle located in the upper section
of the secondary. Depending on waste mix and feed rates, longer
residence times, in the 2.5 to 4.0 second range, can be achieved.

The nominal 2400°F combustion gases pass from the top of the
secondary and down into the top of the adiabatic quench chamber in
which a controlled quantity of fresh water and large quantities of
recirculating scrubber liquid is sprayed into the combustion gases.
Water evaporation reduces the combustion gas temperature to
approximately 185°F. Simultaneously much of the larger particulate
natter and some of the acid gases are removed from the gas phase
by the scrubber liquid.

The cooled, saturated, and partially-cleaned combustion gases exit
the quench tower, split into two equal streams and enter the
parallel, packed-bed, acid gas absorbers. The gases pass upward
through the Tellerette packing counter-current to the scrubbing
liquid. The recirculating scrubber liquid is cooled from
approximately 185°F to 11O°F in four parallel, off-line cooling
towers, fortified with NaOH for neutralizing the acid gases, and
filtered to remove suspended solids prior to being introduced into
the top of the absorbers. The combustion gases exit the absorbers
saturated at 110°F, essentially free of acid gases and free of most
medium to large particulates.

The largely purified combustion gases then pass through four stages
of the ionizing wet scrubber in which fine particulates are
removed. The permitted maximum particulate loading at the



discharge of the ionizing wet scrubber is 0.03 grains/dry standard
cubic foot (Gr/DSCF) compared to the RCRA limit of 0.08 Gr/DSCF.
The purified gases then pass through the mist eliminator, the fan,
and are discharged through a 130 ft. high stack.

COMPUTER BASED PROCESS CONTROL

The incinerator train and selected support units are controlled
through a Taylor Mod 300 process control computer using distributed
control with GE programmable logic controllers. In addition to the
traditional control loops for temperatures, pressures and flow
rates, CWM is super-imposing software which will compare all waste
feed actions against permit limits and automatically limit
feedrates when necessary to satisfy permit constraints. Obviously,
this precaution is being taken to further insure permit and
regulatory compliance in a very complex operating environment.

INFRASTRUCTURE

Although the unit is being built at a functioning, hazardous waste
management site, the CWM Port Arthur incinerator is essentially a
grass roots facility. As such , a substantial investment in
support of infrastructure was required to insure the availability
of reliable, efficient and environmentally effective operations.
This infrastructure includes:

o Construction of a 9000 square foot state-of-the-art laboratory
(plus space for support functions such as offices, computer
facilities, etc.) designed to efficiently and quickly produce
a large number of accurate waste analyses in a timely manner
in compliance with all applicable State of Texas and EPA QA/QC
procedures, and computer based lab and office information
management systems with a gateway to the process control
computer;

o Process and potable water supplies, sanitary waste water
treatment, site roads, truck weighing/ sampling/ staging/off-
loading, tank farms, etc;

o Staffing for operations, engineering, environmental
compliance, waste approval, waste receipts, and waste
analysis, etc.

SUMMARY

The Chemical Waste Management, Inc. Port Arthur, Texas hazardous
waste incinerator has been designed, permitted, constructed and
staffed to provide high volume, environmentally responsible
destruction of RCRA and TSCA solids, sludges, aqueous and energetic
wastes. The unit will have unique capability for incinerating
large volumes of solids and sludges for which a national capacity
shortfall is expected to exist through 1991.
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The Sttloctiv* Absorption of Radionuclidss from a Contaminated
Holding PoatS at Brookhavan National Laboratory

Brookhaven National Laboratory (BNL) was carrying out a program for
the cleanout and removal of obsolete tankage at the laboratory. In
the process, one of the cleaned tanks experienced an unexpected
increase in concentration of cesium-137 (Cs-137) between the time
of sampling for nuclide content and the time of discharge to the
Laboratory's wastewater treatment system. The unforseen high
levels of radioactivity in the water were detected at the treatment
facility, and the flow was diverted to a lined holding pond. The
water was greatly diluted by flow from the rest of the laboratory.
A quantity of sand was also contaminated and was removed from the
top of the filter bed. Two different contaminated wastes resulted
from this event: water and filter sand.

A request for a study of the disposition of these contaminated
materials was made to IT Corporation (IT). For the 140 cubic yards
of sand, a limited search of available literature was requested to
determine and verify any previously established methods which may
have proven effective. The alternative chosen should avoid the
creation of a mixed radioactive/hazardous waste.

Four (4) general alternatives were considered for the disposal of
the sand:

Separation of the Cs-137 from the sand to minimize the waste
volume
Use the sand as a stabilizing agent in the disposal of other
contaminated wastes from the laboratory
Use of the sand as a prefilter media in the treatment of the
contaminated water
Dispose of the sand in a low-level disposal facility in its
current form

Since the sand had already been placed in Argonne boxes, which are
acceptable containers for the transportation and disposal of low-
level wastes, the last alternative was chosen as the least costly
and most effective in reducing handling requirements.

Water

The selection of treatment alternatives for the contaminated water
was more extensive. A processing scheme was deemed necessary to
reduce the volume and segregate the Cs-137, and to discharge the
water under BNL's standard NPDES permit.



The contaminated water was stored in a lined, open pond within a
fenced area which was remote from the normal operations of the
Laboratory site. The pond was lined with a plastic sheet liner
reinforced with fabric with a wide, flat-top berm surrounding the
outer edge of the liner. Inlet pipes terminated at the pond, but
no permanent outlet piping arrangement existed. The volume of
water in the pond could only change as a result of evaporation and
rainfall. This meant that, although the water volume and the Cs-
137 concentration could change, the total mass of contamination
contained in the pond would remain constant as long as the pond
remained in an isolated condition.

The water chemistry and radiochemistry were characterized in the
initial study. Cs-137 content represented only a few parts per
billion of material, while the combined sodium, calcium, and
magnesium content was 74 parts per million. This high relative
concentration of nonradioactive cations meant that the cleanup must
target a very small portion of cesium ions, from a molecular
standpoint.

The pond also contained tritium, which cannot be removed by any
normal water processing method. The normal discharge streams from
BNL are allowed to contain a low concentration of tritium. Once
the cesium has been removed from the pond water, the system
discharge could be added to the laboratory discharge stream for
dilution of the tritium. The decision was made to ensure that the
normal concentration of tritium in BNL's discharge would not be
exceeded during the treatment of the pond water. This approach
limited the treatment system discharge rate (and therefore flow
rate) to 75 gallons per minute, with 24 hour operating days.

The pond containing the contaminated water was also the primary
diversion pond for the BNL water treatment plant. Therefore, BNL
stressed the importance of making the pond available for any future
upset in a timely manner. BNL preferred that the treatment time
not exceed one month.

Comparison of Treatment Alternatives

The following treatment methods were evaluated :

Conventional ion exchange
Cation resin
Mixed bed
Isotopic dilution

- Ion-specific media
Dura si:, 231 (Duratek Corporation)
CYC-Cesium (Iso-Clear Systems Corporation)
Clinoptilolite
Potassium Hexacyanocobalt Ferrate
Ion-sieve I.E. 95/96 (Union Carbide Corporation)



Some advantages and disadvantages were associated with each
technology. These advantages and disadvantages were weighed
against site-specific factors such as the quality and the volume of
water to be treated, and the level of pretreatment required,
discharge criteria required, preferred waste disposal methods, and
the acceptable level of technical risk. Also, an economic analysis
of each alternative was performed.

An economic comparison of the resin/media options indicated that
the use of a mixed bed comprised of conventional organic resins was
the most expensive option. Ion-specific media required
significantly lower media purchase and disposal costs. Therefore,
the use of ion-specific media was chosen as the most technically
and economically feasible alternative for this application.

BNL requested IT to provide a system design for treating the pond
water using Clinoptilolite as the ion-specific media of choice. At
this time, BNL discovered that another constituent present in the
pond water that needed to be removed was strontium-90 (Sr-90).
Clinoptilolite is a natural zeolite with a high selectivity for
cesium, as well as an affinity for Sr-90.

While ion-specific media have been used in industry, their very
specific nature causes concern over possible interferences from
unknown components in the water. To avoid field failures, a pilot-
scale (55 gallon) test run was performed on the chosen media with
the actual pond water.

Treatability Testing

Two 55-g^llon drums of the Brookhaven water were received at the IT
Technology Development Laboratory in Knoxville, Tennessee for
treatability testing. After initial radionuclide analysis of the
water, isotherm tests were performed by shaking 2.5 liters of feed
with varying dosages of clinoptilolite for 48 hours. Analytical
results of the feed and treated samples, and the Cs-137 and Sr-90
loadings of the samples are listed in Table 1. In addition, the
Cs-137 and Sr-90 loadings versus absorbent (clinoptilolite) dosage
are plotted in Figure 1.

After completion of isotherm testing, 41.9 gallons of feed was
passed through a one-inch diameter by 34.57-inch long absorption
column packed with clinoptilolite. The last one-liter of column
effluent was analyzed at 9.9 pCi/L of Cs-137. After the column run
was completed the packed bed was removed in sections from top to
bottom. The sections covering the top 14 inches of the column were
analyzed for Cs-137 and Sr-90. Data describing the column run and
subsequent bed section (cut) analyses are listed in Table 2.
Loadings versus absorbent bed depth are plotted in Figure 2.



Since the feed did not contain enough Cs-137 and Sr-90 to cause
breakthrough on the 3-foot column, a separate column run was
performed using feed spiked with the native metals to obtain
breakthrough information. This isotopic dilution run was made by
passing 40.8 gallons of feed spiked with 50.0 mg/1 of Cs-133 and
20.0 ng/1 of Sr-88 through a second column of clinoptilolite with
the same approximated dimensions as previously described.

During the testing, column effluent was collected in 4 to 5 gallon
increments. Each effluent sample was then analyzed by atomic
emission spectroscopy for residual Cs-133 and Sr-88. The effluent
quality before breakthrough was 0.03 mg/1 Cs-133 and 0.09 mg/1 Sr-
88. These results indicate a 666x decontamination factor (DF) for
Sr and a 555x DF for Cs.

Cs-137 and Sr-90 were removed in the same ratios as the native
metals. Data describing the isotopic dilution column run are
listed in Table 3. Effluent Cs and Sr concentrations are plotted
against the cumulative effluent volume in Figure 3.

Pond Water Treatment Design

A major consideration was to start up the system and treat the
water in as short a schedule as possible. The primary drive behind
equipment selection in the design phase was short delivery period
requirements. IT designed a system primarily with off-the-shelf
items which could be procured within the time constraints of this
project. A process package included a process flow and
instrumentation diagram, system description, equipment and
instrumentation specifications and supplier information, and an
equipment layout plan (the process was required to fit inside the
fence-line surrounding the holding ponds). Following equipment
procurement, IT also installed and operated the treatment system.

Treatment System Operation

The discharge concentration criteria that the treatment system was
designed to meet were:

Cs-137 160 pCi/1
Sr-90 8 pCi/1

BNL was responsible for the radioactivity analysis for this
project. Since BNL did not have a method for analyzing for Sr-90
specifically, a gross beta analysis was used throughout the project
to monitor Sr-90 discharge concentrations. Although this method
includes Cs-137 and yttrium-90 (Y-90), it is sufficient for gross
monitoring of the system. Y-90 is a daughter of Sr-90 which is not
removed significantly by the clinoptilolite.



The treatment system (Figure 4) incorporated three unit operations:
straining to remove coarse materials from the pond water, pre-
filtration to remove suspended solids, and processing through the
clinoptilolite to remove the Cs-137 and Sr-90 from the water.

The treatment rate was designed for 75 gallons per minute(rpn). A
screen was placed on the pump suction hose to prevent coarse
materials such as rock, leaves, salamanders, and turtles from
entering the line. The water was pumped through basket strainers
to two parallel lines of two cartridge filters in series. The
initial cartridges removed 50 and 10 micron particles,
respectively.

However, the clinoptilolite contained in vessels downstream quickly
became plugged with the suspended particles which were smaller than
10 micron. Therefore, the filter vessels were repiped to place
three cartridge filters in series: 50 micron, 10 micron, and 1
micron. The 1 micron filters required replacement twice daily.
This resulted in the following observations:

The minute suspended matter caused extreme plugging problems
on the clinoptilolite
The low pressure (6 psig) limit of the modular vessels chosen
to contain the clinoptilolite limited the efficient operation
of the system. The clinoptilolite vessels would not become
plugged as quickly if a higher pressure could have been
applied in feeding the water through the system.

Following the filters were six Tigg vessels containing the
clinoptilolite, three parallel streams containing two beds in
series. Following the first bed of each series, a dilute
concentration of nonradioactive cesium and strontium salts were
metered into the water to provide a driving force for further
removal of the radioactive constituents of concern. This process
is known as isotopic dilution. Although this process was shown to
work in the laboratory, the effect in the field appeared to be
minimal.

The discharge from the Tigg vessels was monitored by an in-line
radiation monitor before discharge.

The initial scope of work for this project covered the treatment of
2 million gallons of pond water, to be completed within 5 weeks of
6tart-up. Addendums to the initial scope of work covered the
treatment of an additional 927,000 gallons of water. Rain water
added a minimum of 550,000 gallons to the pond water volume to be
treated.



The estimate of activity collected in the six Tigg vessels by the
clinoptilolite was:

Gross beta 21.56 mCi
Cs-137 >18.27 mCi

The estimate of activity released in the system discharge was:

Gross beta 1.64 mCi
Cs-137 < 0.4059 mCi

Detection limits were used in the calculations to estimate the
concentration of Cs-137 released when the analyses showed
nondetectable levels in the system discharge. By using detection
limits to estimate the activity released, the reported
concentration is actually a maximum level of activity released.
More than two-thirds of the system discharge samples actually
showed nondetectable levels of Cs-137.

Calculations show a minimum of 98 percent of the Cs-137 present in
the water was collected by the clinoptilolite. As discussed above,
this estimate is from using a detection limit as a concentration
whenever nondetectable concentrations of Cs-137 were present in the
samples. Therefore, the clinoptilolite appears to have an even
greater than 98 percent removal efficiency for Cs-137.
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Two broad classes of thermal plasma reactors are currently
in widespread use: the direct current (dc) arc jet system and
the radio frequency (rf) inductively coupled system. In the dc
arc jet, current is supplied to the plasma through a consumable
electrode, resulting in high electrical efficiency. The basic
rf inductively coupled plasma torch consists of a quartz tube
surrounded by an rf coil. The rf coil serves to couple energy
into the plasma. The rf plasma has the advantage in that a
larger plasma diameter may be created. At 25 kW, a 3.81-cm-diam-
eter plasma is produced with an rf system, whereas with a
comparable dc arc system, a 0. 64-cm-diameter plasma would be
produced r l ] . Los Alamos has improved upon the basic rf plasma
tube design using the concept of a transformer. The unique
feature of the Los Alamos tube is a segmented, cooled, internal
radiation shield. Several heavy-walled, water-cooled copper
fingers are inserted inside the quartz mantle. These fingers
couple power from the surrounding rf coil to the contained
plasma, while their chevron cross section is such that they
overlap each other and prevent ultraviolet radiation from
impinging upon the surrounding quartz [2]. This allows the Los
Alamos torch to be operated at temperatures as high as 15,000 K,
whereas conventional torches tend to melt down at 12,000 K [3].
The shield also eliminates the arcing between the quartz mantle
and the rf coil that typically occurs due to the ionization of
the surrounding air from ultraviolet radiation [2]. The Los
Alamos shielded plasma torch routinely achieves temperatures
exceeding 10,000 K and electron densities of 10 /cm when
operated continuously at one atm. of argon. These highly
energetic conditions are sufficient to dissociate most chemical
compounds into their constituent atoms. Based upon these
characteristics, Los Alamos is currently investigating the
application of the shielded plasma torch technology to the
destruction of organic and mixed hazardous wastes, as well as
the direct production of actinide metals from the halides and
oxides, without the cogeneration of contaminated wastes.

Several waste streams within the DOE complex have been
identified for application of the shielded plasma torch. The
manufacturing of plutonium triggers at the Rocky FlatB Plant
results in the production of solvent/oil wastes, which contain
plutonium chips and particles, at the annual rate of 4,700



gallons. This mixed radioactive hazardous waste does not meet
Resource Conservation & Recovery Act (RCRA) Waete Form
requirements for disposal as a low level waste because it is a
liquid with high ignitability characteristics. Rocky Flats haB
a current inventory of 29,000 gallons of these contaminated
tolvtnt/oil mixtures. A second waste problem that has received
attention concerns enrichment of uranium using gaseous diffusion
techniques. This operation results in the production of 20,000
tons/year of depleted uranium hexafluoride tailings, and a
stockpile of 300,000 tons of chis material currently exist at
the K-25 Plant. Uranium metal, either depleted or enriched, is
currently being produced from the UFfe feedstock at the Y-12
plant using a two-step process that requires the hydrogen
reduction of UFg to UF^, followed by pyrochemical bomb
reduction. With these techniques, the production of 1000 kg of
uranium metal results in the generation of 877 kg of
uranium-contaminated waste salts, as shown in Figure 1. These
salts must undergo a costly posttreatment to allow disposal as a
low-level waste. Experiments performed at LOB Alamos indicate
that each of these waste problems may be eliminated, or
minimized, by the application of the shielded plasma torch.

The LOB Alamos shielded plasma torch iB typically operated
with an argon process gas because of its low heat capacity at
ionizing temperatures and because of its poor thermal
conductivity [4]. To date, steady state operation with an
enthalpy density of 300 W/ctn and a surface power deposition
rate of 200 W/cm over an area of 20 cm has been achieved.
The plasma has also been operated with process gases consisting
of argon/hydrogen, argon/nitrogen, and argon/air mixtures, as
well OB with pure hydrogen, air, and nitrogen. The vibrational
modes of polyatomic molecules tend to quench plasma operation.
To allow the introduction of organic materials to the plasma
fireball, Los Alamos has developed a water-cooled probe. This
probe can be inserted along the plasma shield axis to inject
gaBes, liquids, or powders directly into the center of the
plasma fireball. Gases such ae water vapor, methane, silane,
diborane, and ammonia have been injected into the plasma in this
manner. Spectroecopic examination performed during these
experiments indicate that no molecular species exist within the
plasma fireball, which strongly suggests that this system
provides a mechanism for the destruction of organic waste. To
verify this hypothesis, an experiment was designed for contin-
uous flow destruction of methylene chloride (CHjClj) at the
rate of 150cm /hr. The water-cooled probe was utilized to
inject the organic gas, and a stainless steel filter collected
the carbon soot swept away by the gas flow. A m a n spectrometer
monitoring the plasma effluents confirmed that no methylene
chloride (within the ppm level of detection) survived in the
effluent stream. This conclusion was subsequently verified by
chemical analysis of the recombination products. Based upon
these results, Los Alamos feels that the shielded plasma torch
is directly applicable to the elimination of the Rocky Flats
solvent/oil wastes. Figure 2 shows a schematic outline of a



system that could be utilized for waste processing. The gas or
liquid/gas mixture is fed directly through the plasma fireball,
where vaporizat on and molecular dissociation occurs. At the
Rocky Flats installation, tnis process stream will b« the
plutonium-contaminated machining fluids. The gas load
undergoing excitation and ionization within the plasma shield
will consist of a mixture of argon gas, with organic vapors from
the mixed hazardous waste material. Although a proposal has
been made to adapt the plasma shield technology to process the
Rocky Flats organic -jaste, this same process can be readily
adapted, with only minor changes, to waste reduction at other
DOE Bites (i.e., Kansas City Plant, Mound Plant, Pinellas Plant,
etc.). These plants have identified organic wastestreams, such
as chlorofluorocarbons (CFCe), chlorohydrocarbons (CHCs),
polychlorin ated biphenyls (PCBs), trichloroethylene (TCE), and
trichloroethane (TCA) as environmental concerns. The Los Alamos
shielded plasma torch may be utilized to destroy these organic
wastes.

A second series of experiments at Los Alamos considered the
role of the shielded plasma torch in the direct reduction of
uranium oxides and fluorides to metal. Initially, a multistep
batch mode process was attempted. A mixture of uranium dioxide
powder and graphite was mixed inside a graphite crucible. This
crucible was placed inside the plasma tube and heated
inductively, with the plasma shield acting as a current
concentrator. This process evolved carbon monoxide and dioxide
gaees, leaving a uranium carbide powder. The plasma was then
fired with a nitrogen/hydrogen mixture to convert the carbide to
a nitride with the evolution of methane gas. Finally, the
nitride was placed in a magnesia (HgO) crucible and subjected to
a 100 millitorr argon plasma to drive off the nitrogen. The
plasma acted to heat the nitride (25OO°C) and formed a vapor
barrier that allowed the nitrogen to escape while suppressing
the release of the uranium atoms. Batches of 500-g of uranium
sponge metal were produced from the oxide in this manner.
However, these experiments indicated that the high temperatures
required to complete the reduction resulted in an interaction
between the free uranium and the magnesia crucible. The uranium
metal reduced the magnesia and, to a limited extent, reformed
uranium dioxide. Free magnesium was also detected in the
uranium sponge. Uranium metal of 60% purity was produced with
this technique.

An alternative to the batch mode production of uranium metal
has been considered. Hydrogen, injected into the plasma plume
to form monatomic hydrogen, may be utilized to reduce metal
halides and oxides directly, without the cogeneration of any
wastes. With diatomic hydrogen, the positive Gibb's free energy
of the metal oxide reduction prevents the reactions from
occurring. With monatomic hydrogen, however, the reactions have
a large negative Gibb'e free energy, indicating that the
reduction can be driven to completion, even at modest
temperatures (1000°C). Improved methods for uranium reduction
were studied by Floyd [5]. This report determined



that, of the available technologies, the hydrogen plasma torch
offered significant advantages. Los Alamos attempted to perform
this reduction by exposing the surface of a metal oxide powder
to a hydrogen plasma. This effort was unsuccessful because of
the rapid molecular recombination of the monatomic hydrogen at
the surface. This problem could possibly be avoided by
injecting the uranium dioxide, as a powder, directly into the
plasma plume where molecular recombination can be largely
avoided. The schematic shown in Figure 3 illustrates this
configuration. If successful, this technique could replace the
hydrogen and pyrochemical bomb reductions that must currently be
performed, eliminate the associated waste streams, and provide a
mechanism for the elimination of current stockpiles of depleted
uranium hexafluoride.

Los Alamos research activities are currently directed at the
application of the shielded hydrogen plasma torch to the direct
production of actinide metals from a UFg feedstock. An rf
generator with a 175-kw output is under construction and should
be completed within a few months. Benchscale experiments are
being conducted to determine the important operating parameters
for the reduction reaction. Process control diagnostic
experiments are being performed to develop exact, realtime
control of the plasma system. Our approach to this problem is
to use modern, spectroscopic-based diagnostic techniques. For
process control and verification, we are implementing masB
apectrometry, optical emission spectroacopy, and Fourier
transform infrared spectrometry. These diagnostics provide a
simple and reliable means of monitoring the process gas stream
in a production-scale facility. This work is being performed so
that experiments with UFg feedstocks may be completed before
the end of the year. Additional work is being conducted to
allow the plasma operation to be scaled to commercial
operation. The proposed commercial reduction system is
illustrated in Figure 4. In order to effectively scale the
laboratory reactor to production size and optimize the process
parameters, we have undertaken a comprehensive system modeling
effort. Process modeling will use standard chemical engineering
constructs that are commercially available. A mathematical
model of the plasma plume and its associated reactions is being
developed. Diagnostic experiments, in addition to those for
process control and verification, will support this mod-.ling
effort. Plasma-induced emission, laser-induced fluorescence,
and Raman spectroecopic techniques ail may be used to determine
relative species concentrations and energy distributions by
standard, well-established techniques. These methods can
provide sensitive and selective on line and in aitu measurements
of system parameters without perturbing the process. Plasma
diagnostics are being performed to generate temperature and
concentration profiles in the plasma for verification of the
system model.
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Fiaure 3: MONATOMIC HYDROGEN REDUCTION OF dU OXIDE
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Figure 4: FLOWSHEET FOR URANIUM HEXAFLUORIDE REDUCTION TO METAL
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ABSTRACT

In order to advance technologies for the treatment of the DOE's
extensive and diverse mixed wastes, Chem-Nuclear Environmental
Services, Inc. (CNES) , in conjunction with its parent company
Chemical Waste Management, Inc., is developing a Mixed Waste
Treatability Laboratory. Collocated with Clemson University's
Environmental Systems Engineering School at Clemson Research Park
in South Carolina, the laboratory's primary functions will be to
conduct mixed waste treatability studies and perform mixed waste
sample analysis. Various treatment technologies that have been
utilized and proven effective in treating hazardous waste are being
modified and adapted for the treatment of mixed waste.

INTRODUCTION

There are presently limited approved treatment technologies in the
area of mixed waste, due to not only the complexity of the waste
streams but also due to the complexity of its dual regulation by
NRC/DOE and EPA. To demonstrate the effectiveness of any treatment
technology, compliance with all appropriate federal and state laws
must be met. The diversity of the waste streams creates a
constantly changing set of requirements to be met under various
regulations (RCRA, TSCA, AEA, etc.).

One solution to help alleviate the time consuming process involved
in obtaining approvals of permits, license and procedures for each
demonstration was to develop a laboratory uniquely designed to
fulfill all the diverse federal and state requirements governing
mixed waste.



REGULATORY BACKGROUND

Mixed waste is composed of a combination of low level radioactive
waste as defined in 10 CFR 61, and hazardous waste as defined in
40 CFR 261. Congress intentionally created a framework of dual
regulation in which EPA and NRC/DOE (or approved states) jointly
regulate the same waste. Much of the waste that is presently
regulated as mixed waste was previously regulated as radioactive
waste under the Atomic Energy Act and is entering the Resource
Conservation and Recovery Act (RCRA) regulatory program for the
first time.

In implementing the dual framework, mixed waste must be handled
according to regulations under RCRA and the AEA. Section 1006 of
the RCRA statute provides that, for inconsistencies, precedence
should be given to the AEA requirements. An inconsistency occurs
when compliance with one set of regulations would cause non-
compliance with the other. To date EPA and NRC have not cited any
inconsistencies between the two sets of regulations.

Hazardous waste falls under the two major headings of "listed"
waste and "characteristic" waste. Characteristic waste as defined
in Subpart C of 40 CFR 261, exhibit one or more of the four
characteristics of ignitability, corrosivity, reactivity and
Extraction Procedure Toxicity (E.P. Toxic). Once a characteristic
waste is treated to where it no longer exhibits these
characteristics that waste is no longer considered hazardous. A
listed waste as defined in Subpart D remains listed even after
treatment and will be classified as non-hazardous only after a
delisting petition is granted.

DESIGN CONSIDERATIONS

The Clemson Laboratory will operate under the following
authorization; an EPA Hazardous Waste Treatability Exemption and
an NRC Radioactive License. Each of these have special
requirements and reporting procedures which must be met.

Hazardous Waste Treatability Study Exemption;

Regulated by the EPA, a "Treatability Study" is defined as a
study in which hazardous waste is subjected to a treatment
process to determine: (l) whether the waste is amenable to
the treatment process, (2) what pre-treatment (if any) is
required, (3) the optimal process conditions needed to achieve
the desired treatment, (4) the efficiency of a treatment
process for a specific waste or wastes, or (5) the
characteristics and volumes of residuals from a particular
treatment process. A "treatability study" is not a means to
commercially treat or dispose of hazardous waste.



To comply with the requirement of a Treatability Study
Exemption the Clemson Laboratory will operate with the
following limitations.

o The quantity of waste exempted for each study
is limited to:

- 100 kg of non-acute hazardous waste per
waste stream per process;

- 1 kg of acute hazardous waste per waste
stream per process;

- 250 kg of soils, water, or debris
contaminated by acute hazardous waste per
waste stream per process.

o The rate at which waste can be processed in a
treatment study is limited to:

- 2 50 kg of waste per day for the entire
laboratory.

o The amount of waste that can be stored is
limited to:

- 1000 kg waste, i.e. "as received waste".

o The unused sample and any residue generated
from treatment must be moved off-site:

- within ninety (90) days after study
completion; or

- one year after receipt of the sample,
(whichever is earlier).

o Special requirements apply to reporting and
recordkeeping but in general deal with what
information should be recorded and the length
of time records are to be maintained.

Radioactive Handling License:

The laboratory will also operate under the specifics of a
Radioactive Materials License which must be applied to and
approved by the NRC or State Agency (when located in an
agreement state). The license application must state types
and levels of radionuclides to be accepted and handled at the
laboratory.



NRC performance requirements specific maximum levels in
emission and require that each licensee survey emissions to
remain in compliance with the regulations in 10 CFR Part 20
and evaluate the extent of radiation hazards that may be
present.

The NRC also lists numerical guides for limiting conditions
for operations to meet ALARA (i.e., as low as reasonably
achievable) criteria for employee exposure.

SPECIAL DESIGN FEATURES

To ensure compliance with all appropriate regulations and to ensure
the safety of all employees and the protection of the surrounding
environment, the following special design features have been
incorporated into the laboratory's design:

Treatability Process Area;

o Separate and contained work bays for each process area.

o Restricted and controlled access with entry and exit
recorded at a Central Security Station.

o Spill collection/containment for each bay in which floors
are slightly sloped toward a center collection area.

o Dikes around each work bay.

o Monitored HEPA filtration system from each work bay to
a common discharge point.

o Pressure containment - negative pressure for each process
area.

o Utility corridor around 3 sides of the process area.

Wcste Storage Area:

o All waste storage will meet RCRA 40 CFR 264 design
criteria.

o All incompatible wabte will be segregated.

Personnel Decon/Change Room:

o Both a male and female change room is located just
outside of the process area equipped with all appropriate
personnel protective equipment necessary for treatability
work.



o Access to the process areas is controlled through the
Personnel Decon/Change Room and Health Physics Station.
No person will be admitted into or out of the process
area without following proper check-in or check-out
procedures.

Process and Laboratory Waste:

o All process and laboratory waste waters will be collected
and pumped through a separate waste water system to a
monitored above ground storage tank with level alarms.
All work will be in accordance with EPA and RCRA codes.

Emergency System:

o The Fire Alarm/Smoke Detection System will consist of a
zoned, non-coded, fully supervised system, incorporating
a municipal tie, voice communication, audible signals,
smoke detectors, duct detectors, water flow and valve
supervisory switches.

o An emergency first aid station is centrally located on
each floor.

o Emergency showers and eye wash, etc., stations are
located in each lab and process area.

Visitor/Observer Viewing Corridor:

o To allow for safe observation of analytical and
treatability procedures the laboratory has been designed
with a viewing corridor. This corridor allows visitors/
observers to view procedures through glass viewing
windows without physically entering the laboratory or
treatability areas.

SUMMARY

The overall design of the Clemson Laboratory has been developed to
facilitate affordable solutions for the technical difficulties
surrounding the treatment and disposal of mixed waste, while
insuring the health and safety of personnel, visitors and the
surrounding environment.
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Abstract

Because of the limited treatment capacity available for low-
level mixed waste, many generators are forced to develop their
own treatments, or store their mixed waste on site indefinitely.
While EPA estimates that it takes as much as two years and
$200,000 to obtain a RCRA permit, in-container treatment is
allowed without a RCRA permit in many cases. Although treating
mixed waste in drums or other storage containers poses technical
problems, mixed waste can be solidified in storage containers
with little difficulty. Solidifying the mixed waste serves two
functions: it treats the hazardous portion of the waste by making
the hazardous constituents less leachable, and it removes any
free-standing liquids, allowing the waste to eventually be
disposed of at a low-level radioactive waste burial ground. Once
solidified, the waste must then be delisted (if it is a listed
hazardous waste), or the generator must show that it no longer
exhibits a characteristic (if it is a characteristic waste).
While in-container solidification can be a simple and inexpensive
waste management alternative for generators of low-level mixed
waste, it may in fact be their only feasible alternative.

OBJECTIVES

The primary objective of in-drum solidification is to
produce a final product that can be shipped off site to a low-
level radioactive waste disposal facility. This means treating
the low-level mixed waste to a state that is no longer a RCRA
regulated hazardous waste, and then petitioning to delist the
waste if it was listed, or simply showing that the waste no
longer exhibits its hazardous characteristics if it was a
characteristic waste. Although some treatment capacity for mixed
waste is beginning to emerge in the private sector, the cost of
this treatment is often ten to twenty times that of ordinary
hazardous waste. Even if a mixed waste generator can find a
commercial treatment facility to accept his waste, he may still
want to attempt treating it himself to avoid the high cost of
commercial treatment.



LEGALITIES OF IN-DRUM TREATMENT

While generators of radioactive waste commonly employ
treatments that do not require special permits (compaction,
filtration, absorption, solidification, etc.), generators of
mixed waste often are not allowed to perform the same treatments
because of stringent Resource Conservation and Recovery Act
(RCRA) permitting requirements. When reading Title 40 of the
Code of Federal Regulations it is not apparent that in-drum
solidification of mixed waste is legal without a RCRA Part B
permit. The fact that some treatments are allowed without a
permit becomes more clear, however, after reading through Federal
Registers Vol. 51, No. 56 3/24/86 and Vol. 53, No. 138 7/19/88.
These Federal Registers identify ar exception and an EPA
interpretation which allow certain limited treatments without a
Part B permit.

The first requirement you need is referred to as the
treatability study exemption. It can be found in section 40 CFR
261.4 (e) and (f) of the most recent Code of Federal Regulations,
along with FR Vol. 53, No. 138 7/19/88 . The treatability study
exemption allows laboratories or testing facilities to perform
small scale treatability studies on hazardous waste without
facing the burden of obtaining a RCRA Part B permit. It must be
noted that this exception is not intended to allow laboratories
or testing facilities to act as permitted Treatment Storage and
Disposal Facilities (TSDFs). The exemption states "The Agency
wants to emphasize that the purpose of the exemption is for
conduction treatability studies, not for the commercial
management of hazardous waste." Although this exception is
useful for testing new solidification agents and determining
mixing ratios it specifically prohibits its use as a commercial
treatment option; therefore it alone is not sufficient for mixed-
waste solidification.

The additional requirement you will need for in-drum
solidification of low-level mixed waste is an EPA interpretation.
FR Vol. 51, No. 56 3/24/86 states "Of course, no permitting would
be required if a generator chooses to treat their hazardous waste
in the generator's accumulation tanks or containers in
conformance with the requirements of 262.34 and Subparts J or I
of Part 265. Nothing in 262.34 precludes a generator from
treating waste when it is in an accumulation tank or container
covered by that provision." You will need to contact your state
for specific interpretations of the rule but in-drum
solidification is generally permitted.

Liquid waste, which is commonly stored in closed head drums,
must be pumped into open head drums for solidification. No rule
prohibits the transfer of waste from one container to another; in
fact, it is sometimes required if the original container is in
poor condition. Keep in mind however that the accumulation start
date on the new container must be the same as that on the
original container from which the waste was transferred. You can



not gain accumulation time by placing the waste in an new
container.

BENEFITS OF SOLIDIFICATION

One obvious benefit of solidification is the elimination of
free standing liquids. This is a requirement at all commercial
low level waste burial sites. For some characteristic hazardous
waste, specifically Toxicity Characteristic Leaching Procedure
(TCLP) waste, the generator can realize another great benefit
simply by changing the matrix of the waste from a liquid to a
solid. The reason for this lies within the TCLP method itself.
When performing the TCLP a liquid waste that is less than 0.5
percent solids is simply filtered and analyzed for the
appropriate compounds. A liquid-liquid extraction is not
performed on the waste; the liquid portion of the waste is
treated as the extract.

When analyzing a solid (non-liquid) waste by TCLP, 100 grams
of the was-ce is mixed with two liters of water. Acetic acid is
then added and the waste is tumbled for 24 hours. After the
leaching period the leachate is analyzed for specific hazardous
components. Even if 100 percent of the hazardous constituents
leach out of the solid material, their concentration will be
twenty times lower in the leachate than they were in the original
waste because of the twenty-to-one dilution. This means that as
long as the hazardous constituents in the liquid waste are less
than twenty times the values listed in 40 CFR 261.24, the waste
will not be a TCLP hazardous waste after it has been solidified.
Furthermore, the solid waste will not have to be analyzed by TCLP
because the TCLP method states (Appendix II of part 261) "If a
total analysis of the waste demonstrates that individual
contaminants are not present in the waste, or that they are
present but at such low concentrations that the appropriate
regulatory thresholds could not possibly be exceeded, the TCLP
need not be run. ••

Another benefit of solidification with respect to
characteristic hazardous waste involves the characteristic of
corrosivity. By definition a solid waste is corrosive if it (1)
is an aqueous waste with a pH less than or equal to 2 or greater
than or equal to 12.5, or (2) is a liquid and corrodes steel at a
rate greater than 0.25 inches per year at a test temperature of
55 degrees centigrade. Therefore, by definition, a solid (non-
liquid) waste can not be characteristic corrosivity. In
addition, many solidification agents have a high pH (Portland
Cement for example). Most of the TCLP metals are more soluble in
an acidic solution than a caustic or neutral solution.
Therefore, solidifying with a caustic solidification agent will
reduce the solubility of the metals and precipitate them out of
solution. This will further reduce the leachability of the
metals from the solidified waste. One final and often
unsuspected benefit may occur when solidifying acidic waste with
caustic solidification agents; the exothermic reaction that



occurs increases the temperature of the mixture and causes a
stronger end product. Obviously this temperature increase should
be monitored closely for safety reasons.

PERFORMING IN-DRUM SOLIDIFICATION

The first step in the solidification process is to analyze
your waste and characterize it for both hazardous and radioactive
parameters. You need to have a good idea of what is in your
waste before you will be able to chose an appropriate
solidification agent. This front end analytical work may
actually save you money in the long term, especially if your
waste is a characteristic TCLP waste. Remember that if the total
levels of the hazardous constituents in your waste are less than
twenty times those listed in 40 CFR 261.24, a TCLP test will not
be required after solidification. All radiological analysis
should be performed on the waste before solidification;
radiological analysis is typically more expensive on a solid
waste than a liquid waste.

Choose your solidification agent carefully. The first step
is to check with the low-level waste disposal facility you intend
to send the solidified waste to. Each disposal facility has a
list of approved solidification agents. You may have discovered
the perfect solidification agent for your waste, but if it is not
pre-approved by the disposal facility you could be stuck
petitioning for the acceptance of your waste after
solidification. In addition to the solidification agent, inquire
about the type of drums the disposal facility recommends. Some
facilities prefer that polyethylene drums are used in. combination
with a caustic solidification agent, while other facilities
prefer steel drums for handling reasons. If you solidify in
polyethylene drums you may be required to ship the drums on
pallets. This will make the drums easier for the disposal
facility to handle. What ever type of drum you choose, make sure
it complies with all DOT regulations for shipping radioactive
material.

After you have received a list of approved solidification
agents, it will be necessary to perform treatability studies on
your waste in compliance with the treatability study exemption
discussed earlier. Be sure to keep accurate records of the
treatability studies so you can comply with the reporting
requirements of the exemption. Use a representative sample of
your waste for the treatability studies. The data gained from a
leaching test performed on a sample may be used to show that the
actual drum of waste will not leach once solidified, enabling you
to avoid the problem of taking a representative sample of a
solidified drum. Testing the leachability of the radioactive
materials in your waste, although not a requirement for disposal
at a low-level waste disposal facility, may provide useful data
for future research projects. When doing treatability studies
you are obviously looking for the solidification agent that



stabilizes your waste to the highest degree with the least amount
of expansion. Keep in mind that you will be paying by the cubic
foot for disposal of your waste after solidification.

Once you have completed the required treatability studies
and have determined the correct mixing ratios for your waste, it
is time to perform the actual in-drum solidification. If you
must transfer waste to an open-head drum for solidification be
sure that the new drum is properly labeled and is in compliance
with subpart I of 40 CFR 265. Pre-measure the amount of
solidification agent required for each dram if possible. If it
is not convenient to pre-measure the amount of solidification
agent required, you may want to let the expansion of the
solidified waste dictate how much solidification agent to use.
For example: assume you know from the treatability study that
your waste will expand twenty five percent when solidified. You
should start a 55 gallon drum with about 44 gallons of waste in
it; add solidification agent until the drum is full and you will
have achieved the correct mixing ratio.

There is a wide range of drum mixing machines available, and
a drum mixer should be considered if you plan to solidify on a
regular basis. In addition to saving you time, a drum mixer will
help to insure complete mixing of the solidification agent and
your waste. Low-level waste disposal facilities are often
concerned that a solidified waste may contain pockets of liquid.
The use of a drum mixer will make your waste more acceptable to
the disposal facility.

CONCLUSIONS

In-drum solidification can be an effective way for
generators to manage their mixed waste. The key to in-drum
solidification is to work out as many problems as possible before
actually solidifying the waste. Contact your low-level waste
disposal facility on the front end of the project to make sure
you can meet their requirements; they must ultimately approve of
your waste for burial. The treatability study exemption allows
generators to gain experience by trial and error without using
large quantities of waste. Once you have developed the necessary
experience from the treatability studies, in-drum solidification
is simply an application of that experience on a larger scale.
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INTRODUCTION

Section 104(k) of the Superfund Amendments and
Reauthorization Act (SARA) of 1986 required that each
governor certify to the President (delegated to the
administrator of the Environmental Protection Agency
(EPA)) on October 17, 1989, that the state had adequate
capacity, either within its boundaries or through
interstate agreement, to handle all of the hazardous
waste to be generated within the state over the next 20
years. Failure to certify a state's capacity through an
approved capacity assurance plan (CAP) would result in a
loss of federal Superfund cleanup monies.

The siting provision was added to the Comprehensive
Environmental Response, Compensation, and Liability Act
(or commonly referred to as Superfund) reauthorization by
Senator John Chafee (R-RI) who feared that "pressures
from local citizens" had thwarted the siting of hazardous
waste management facilities. The Resource Conservation
and Recovery Act (RCRA) of 1976 placed the burden of
siting with the states. But to avoid facing intense
public opposition to siting facilities locally, most
states had not actively pursued siting. Few new
facilities had begun operation, and as a result, a
handful of states were assuming the treatment and
disposal responsibility for the nation. Inherent in this
response to public opposition to local hazardous waste
facilities, according to Chafee*s comments in the
Congressional Record, was the "creation of future
Superfund sites."

Congress was worried that states were erecting
barriers to siting (such as local veto provisions). In
an issue paper prepared for the Southeastern Hazardous
Waste Management Roundtable, EPA noted that "Congress'
major concerns in imposing this requirement [Section
104(k)] were that barriers were being erected which
precluded free transport of hazardous waste between
states, and barriers to the future development of



facilities needed to manage hazardous waste were being
produced."1

GOALS

Hence, from Congress1 perspective, the goal of
Section 104(k) was to mandate that states plan for their
hazardous waste management—not only project generation
for the next 20 years, but plan for how the waste would
be treated and disposed of, including siting facilities
if they were needed—and through planning avoid the
creation of future cleanup sites.

The goals set out by EPA in its guidance document on
meeting the SARA mandate required that a CAP include an
understanding of the state's hazardous waste system, a
plan to meet projected management demand, and an
interstate agreement (EPA assumed that most states could
not self-certify, i.e.. few states had all the treatment
and disposal capacity that would be needed over the next
20 years). Otherwise, EPA would not approve it.

Projections of waste generation (continuous, ongoing
generation and one-time events, such as Superfund or RCRA
corrective action waste) were to be made based on
economic growth and possible regulatory changes (new
listings of hazardous waste). The generation was then to
be reduced by a waste minimization estimate.

The burden of negotiating an interstate agreement
was on exporting states. The guidance document went so
far as to proclaim that "an importing state might refuse
to enter into an agreement with an exporting state,
requiring the exporting state to create available
capacity through waste reduction or through siting new
facilities, or to enter into an agreement with another
importing state to manage these wastes" (emphasis
added).2 So a crucial aspect of the entire capacity
assurance process was the conflict between allowing
importing states to refuse entry into an interstate
agreement and forcing exporting states to site new

'u.S. Environmental Protection Agency (EPA) Region
IV, "Background Issue Papers for Hazardous Waste Capacity
Projections," prepared for EPA/TVA Hazardous Waste
Roundtable (Atlanta: EPA), November 1987.

2U.S. EPA, Office of Solid Waste and Emergency
Response, "Assurance of Hazardous Waste Capacity,
Guidance to State Officials," No. 9010.00 (Washington,
DC: EPA), December 1988.



facilities, on the one hand, and recognizing that states
cannot impose laws hindering interstate commerce, on the
other hand.3 Hazardous waste is shipped across state
lines for treatment and disposal.

The goal of the new siting provision was to provide
a national needs assessment: What level of waste
generation is projected over the next 20 years? What
treatment and disposal methods- are necessary to manage
the waste properly? What treatment and disposal capacity
is currently available, and what are the plans for adding
to it if this process reveals a shortfall in capacity?

What did the capacity assurance process do?

o It elevated hazardous waste siting issues to
the highest level of state government, the governors.
Siting hazardous waste facilities is a contentious chore
at best, and in light of the not-in-my-backyard syndrome,
few elected officials actively pursue siting. Yet the
governors recognized that the loss of federal Superfund
monies could hinder the state's ability to clean up
abandoned sites. For the first time, there was a federal
command that state officials plan for hazardous waste
treatment, and the command carried a substantial
financial stick and political risk.

o It provided an understanding of the hazardous
waste system. Although the Institute has analyzed
Tennessee's hazardous waste data base since 1983, few
states have been as aggressive. But without the proper
analysis required for an adequate CAP, states were in a
vulnerable position. Generation projections for 20 years
can affect a state's waste minimization program, its
siting provisions (implied or not), or its economic well-
being (generators may choose to locate in other states
where treatment facilities are more accessible).
Moreover, understanding hazardous waste generation and
flow can assist in protecting the state's public health
and environment. Beyond the state's analysis, the
process determined how many and what size treatment and
disposal facilities were needed. Early in the process,
preliminary reports from EPA Region IV indicated six to
eight new incinerators were needed for the eight-state
region. After evaluating projected demand, a more
accurate assessment of incineration capacity need can be

'Alabama's law banning imports from certain states
was declared a violation of the interstate commerce
clause by the Eleventh Circuit Court of Appeals, although
Alabama is appealing that decision.



done. Furthermore, the size of facilities can be pared
down or increased to meet the demand. Considering the
cost of a treatment facility, this could involve a
substantial amount of money.

o It crystallized equity issues. Over the last
few years there have been rumblings from states with
significant treatment and disposal capabilities. They
argue that importing hazardous waste is potentially
harmful to their health and environment and that it is
inequitable. Why should a few states assume the
management burden for the nation? The CAPs were the
first full, detailed documentation and analysis of
interstate waste flows. The process confirmed that
Alabama does import a substantial amount of waste for
landfill ing and that South Carolina and Louisiana import
large amounts for incineration. It also confirmed that
Mississippi has few commercial facilities and that
Tennessee's commercial treatment capacity is in aqueous
inorganic treatment. A compilation of all 50 CAPs by EPA
will be the first massive flow evaluation performed for
the nation.

o It encouraged regional dialogue. Little
formalized discussion on waste issues among the states
occurred prior to the SARA provision. But EPA Region IV
encouraged talks through creation of the Southeastern
Hazardous Waste Management Roundtable. From the
Roundtable, regional planning to meet the CAP interstate
agreement requirements ensued.

o It created new capacity. To the extent that
the responsibility for negotiating interstate agreements
fell on exporting states, new planned capacity was
created. For instance, North Carolina was not included
in an initial four-state interstate agreement submitted
for Region IV. (When Governor McWherter submitted
Tennessee's CAP on October 17, 1989, he included an
interstate agreement with Alabama, Kentucky, South
Carolina, and Tennessee). However, North Carolina came
into a new interstate agreement, effective in January
1990. It was admitted because it placed on the
bargaining table a proposed treatment and above-ground
disposal unit (a facility which met the requirements of
the net importing states) with an aggressive siting and
permitting schedule.

What did the capacity assurance process not do?

o It did not eliminate siting barriers. As
mentioned above, Congress was concerned that states were
erecting barriers to siting facilities and that the flow



of waste across state lines for treatment and disposal
would be affected by those barriers. However, the CAP
process did not eliminate siting barriers. Rather, these
barriers were rescinded as a result of the unilateral
action by importing states. An example was Tennessee's
local veto provision. When South Carolina's governor
issued an executive order prohibiting the -importation of
waste from states with restrictive siting laws (in
response to North Carolina's stringent standards for
dilution of discharges from hazardous waste treatment
facilities), Tennessee was placed on the ban list because
South Carolina perceived the local veto as a barrier to
siting. One impetus for rescinding that law was South
Carolina's executive order.

o It did no* restrict waste flows. One
conflicting aspect of this process is the reality that
states have no control over waste flows (unless Alabama's
ban is upheld by the Supreme Court). And states, as a
general rule, do not generate hazardous waste; private
industry does. Therefore, states were required to
certify capacity although they were not the generators
and were unable to control waste flows. The interstate
agreement filed for Tennessee meets the guidelines for an
acceptable CAP, but does not restrict flows to states
outside the agreement. (The interstate agreements would
restrict flow=: if they were elevated to compacts.)

Was national or regional capacity determined? What
did government officials and policy makers learn from
this process?

Within EPA Region IV, generation was projected and
shortfalls in capacity were recognized. Generation
figures based on economic growth projections are
obviously more concrete that waste minimization
estimates, but nevertheless there is a good sense of the
amount of waste that will be generated over the next 20
years. From this evaluation, the Region IV states know
what types and sizes of treatment and disposal facilities
are needed. Since planned facilities were included to
meet the mandate, at the minimum the states have
identified those facilities.

There is some question whether states in other EPA
regions were as specific in their capacity assessments.
For instance, some regions simply totaled their demand
and supply. When there was a shortage, the states simply
added in sufficient but unidentified capacity to meet the
demand. Region IV, on the other hand, identified
facilities—whether private (name of firm) or state-
sited. For instance, Tennessee included an aqueous



inorganic treatment facility under construction in the
Nashville area. North Carolina incorporated its state-
sited facility (two sites have been identified to date).
EPA will need to reconcile the different calculation
methods before future CAPs are filed.

In addition to the different methods for calculating
supply of facilities, non-standardized projection
methodologies may impede evaluating the status of
national capacity. EPA provided technical assistance,
such as software packages to calculate economic growth,
waste minimization, and generation. However, some
states, such as Tennessee, chose to use their own
econometric models. Furthermore, Tennessee calculated
secondary treatment requirements. For instance, if a
waste is incinerated, Tennessee projected the
stabilization and landfill demand for the remaining ash.
Finally, each state no doubt used an independent
evaluation of possible regulatory changes that may affect
generation.

Despite the above caveats, the CAP process was a
successful first attempt to determine national hazardous
waste management capacity. Government officials now have
a better understanding of their hazardous waste
generation and management demands. One can hope this
knowledge will translate into an improved environmental
awareness that will prevent creation of more Superfund
sites.

Now that the first CAPs have been filed, where do
the states and EPA go from here?

When EPA Region IV began discussions among the eight
states, the understanding was that states would resubmit
a full CAP every two years.4 However, EPA seems to be
retreating from that requirement. In an August 20, 1990
memorandum from Don R. Clay, Assistant Administrator of
the Office of Solid Waste and Emergency Response, to each
regional office, he reported that EPA will not require a
full submittal in 1991. Rather, states will be asked to
report on compliance with 1989 milestones and
supplemental conditions listed in their approval and on

*Full CAFs require baseyear analysis and projections
of generation &nd management capabilities for 20 years.
The analysis must be performed for onsite, captive, and
offsite waste flows.



the status of progress to meet 20-year capacity needs.5

A full resubmittal would not be required until 1993.

Although many states voiced opposition to filing a
full resubmittal in 1991 at the National Governors'
Association's (NGA) Hazardous Waste Capacity Planning
meeting held in June 1990, the opposition may hurt one of
the overall intents of the law—proper management of
waste. Without an analysis of baseyear generation and
demand requirements, along with waste flows, a state may
unwittingly ignore the realities of its hazardous waste
system. It is difficult to plan for generation demand
without proper analyses. At the minimum, EPA should
require submitting an analysis of offsite activity (waste
not treated at the site of generation—commonly referred
to as "commercial demand").

What about the stick—withholding of Superfund
monies? By mid-August EPA had reviewed and approved 36
CAPs. Of these, two received full approval; the balance
received approval with "supplemental conditions."6

Supplemental conditions vary. For instance, in
Tennessee's case, the state is required to project
generation of wastewater and to provide plans for
management of mixed waste (radioactive and hazardous).
Iowa, on the other hand, received supplemental approval
because it lacked adequate in-state capacity and had
failed to enter into an interstate agreement (hence not
certifying that it had adequate capacity). Therefore,
EPA gave approval on the condition that Iowa enter into
an interstate agreement- develop sufficient capacity, or
reduce its demand through waste minimization efforts by
1991.

This paper will not enter the debate on whether
withholding Superfund monies exacerbates pollution
problems. Certainly, some states rely on federal funds
to clean up abandoned sites. On the other hand, EPA was
provided a significant stick. Because the agency has
chosen to grant supplemental-condition approval, it is

Milestones are required for every two years after
the baseyear. In this instance, milestones were created
for 1989? the baseyear for the first submittal was 1987.

6Persoral communication, T. Michael Taimi, Director,
Cross Media Staff, U.S. Environmental Protection Agency,
Washington, DC, August 30, 1990.

Approximately 12 states were slated for federal
Superfund monies in fiscal year 90, including Tennes^^e.



vulnerable to state opposition to future CAP work* One
of the most difficult challenges facing EPA is how to
require that states continue the process.

What other work may assist the capacity assurance
process? As noted earlier, Tennessee calculated
secondary treatment and disposal requirements for waste
based on a model developed at the Institute. These
calculations provide a better understanding of what true
demand will be over the next 20 years. Because Tennessee
is the only state in Region IV to perform this analysis,
the Institute has received a grant from EPA and other
Region IV states to calculate residuals management
demand.

Other suggested work could include a more
standardized projection methodology for regulatory
changes. One recommendation from the June NGA meeting
was that EPA evaluate the burden on demand due to
changes. For instance, will the new toxicity
characteristic leaching procedure (TCLP) requirements
increase the amount of hazardous waste generation (yes)
and how does that expanded demand impact treatment
requirements?

Finally, a tremendous amount of effort went into the
CAP process, both by EPA and the states. But the focus
en waste management should be broadened beyond the SARA
requirements. SARA was the first mandate for planning,
but rather than resting on this process, states should
build upon the database established and the projected
generation. The states and EPA should view SARA as part
of the waste management system. Future policy analysis
should take a wholistic approach, rather than simply look
at the capacity assurance aspect. An overriding goal of
proper waste management is crucial for environmental
protection and economic development.

CONCLUSION

Congress1 goal when passing Section 104(k) was to
require states to plan for their hazardous waste
generation demand and not bow to public opposition to
siting hazardous waste facilities, where they are needed.
The jury is still out on whether this goal has been met.
Some states (North Carolina, for example) proposed new
facilities to be included in an interstate agreement and
because there was a demonstrated need for the facilities.
However, public opposition to North Carolina's proposed
facility has been vocal. And with the recent court
decision disallowing Alabama's state ban on importing
waste from states lacking commercial treatment and



disposal facilities (North Carolina was on the ban list
until the interstate agreement was finalized), citizens
are arguing that the state should forego siting the new
facility. They counter that since Alabama can no longer
close its borders to North Carolina waste, why should
North Carolina build a new facility?

The lack of commercial facilities, barriers to
siting, and interstate flow questions will not disappear.
Although Alabama lost in the Eleventh Circuit Court of
Appeals, the state has filed a petition for a rehearing
in bane. Any decision unfavorable to Alabama will
probably be appealed to the Supreme Court. Moreover, the
state is enlisting the assistance of other importing
states. Whether their efforts will change the flow of
waste and increase the siting of facilities may again be
determined by Congress. A massive lobbying effort
dealing with interstate flows should be expected when the
debate begins on reauthorization of RCRA.
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I. Introduction

The Interim Waste Management Facility (IWMF) is planned to provide disposal capacity for solid
low-level radioactive waste (LLW) generated at Oak Ridge National Laboratory (ORNL). The
LLW generation rate is approximately 30,000 ft3 per year and consists of a variety of technological
wastes, primarily contaminated with short-half life radionuclides. IWMF construction was initiated
in May 1990 and operation is expected to begin by September of 1991 and continue through 1996.

The performance requirements for the IWMF are established in Department of Energy Order
5820.2a, "Radioactive Waste Management." The IWMF design is based on the concept initially
utilized in the Tumulus Disposal Demonstration which has been underway at ORNL since 1986.
As indicated in Figure 1 the tumulus disposal technology involves several elements including:

• sealing of LLW in structurally stable steel reinforced concrete
disposal vaults,

stacking of the disposal vaults on grade-level steel reinforced concrete
disposal pads,

collection and monitoring of storm and infiltrating water which
contacts the disposal vaults,

• placement of low-permeability multi-layer caps over the waste stack,
and

• monitoring of near surface and groundwater.

Details of the IWMF site and design are provided in the following sections.

Based on work performed at Oak Ridge Ridge National Laboratory, operated for the U. S.
Department of Energy under contract DE-AC05-840R21400 with Martin Marietta Energy Systems,
Inc.
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II. IWMF Site Description

The IWMF is located in the southwest corner of ORNL Solid Waste Storage Area (SWSA) 6 as
indicated in Figure 2. SWSA 6 is an area of approximately 68 acres which slopes to the southwest.
The terrain in SWSA 6 consists of elevated ridges and knobs cut by drainage channels, with few
level areas except on the tops of ridges and knolls. The IWMF site encompasses and area of
approximately 5 acres located at the bottom of a steep knoll. The IWMF area is the only
remaining relatively flat area in SWSA 6 which has not been previously used for disposal activities.
The site is underlain by weathered shale covered with a thin layer of soil. The groundwater table
is relatively high, within a few feet of the surface in some areas. A plan view of the IWMF site
is provided in Figure 3 and a cross section of the site is provided in Figure 4.

The hydrologic character of SWSA 6 is highly complex and dominated by stormflow. Most
precipitation flows through a shallow near surface zone and enters surface streams within about 200
m. This upper near surface zone, from 0-m to 3-m deep, accounts for about 90% of stormwater
flow. The middle zone, ranging in depth from 3 m to 30 m, accounts for approximately 10% of
the stormwater flow. The bottom zone, > 30 m in depth, has negligible flow. The hydrologic
character of SWSA 6 has resulted in the incorporation of design features in the IWMF to control
and monitor surface and subsurface flows, as described in the next section of the paper.

The site geology consists of inclined layers of shale covered with a generally thin layer of soil. The
disposal pads will be located on a bench which has been excavated into the native shale material.
Geotechnical investigations indicate that the shale has a bearing capacity of approximately 4000 psf.

III. IWMF Design Description

Each of the IWMF design elements is described in the following section.

Surface and groundwater control

Figure 5 shows the surface and groundwater control features that are provided to ensure that the
IWMF meets performance requirements. A surface drain is provided on the upslope side of the
drainage gallery to intercept any surface flows and drain them to the nearby stream. After closure
and construction of the cap this drain will be converted to the outlet for the drainage layer in the
cap. The site is graded so that all surface waters are directed for discharge through existing SWSA
6 monitoring station #3.

A french drain is provided along the entire upslope side of the IWMF site under the drainage
gallery. The french drain is designed to provide a cutoff for the flow of near surface stormflow
during operations, and a means to drain and sample any surface or groundwater which accumulates
under the cap. The french drain will be provided with a grab sampling point, and is expected to
provide an excellent mechanism to monitor and control groundwater at the same time.



The trench drain consists of two, 12-in. diameter porous concrete pipes bedded in a 4.5-ft thick
layer of #4 stone wrapped in filter fabric which drain to the nearby stream. The drainage gallery
is placed on top of the gravel.

A second french drain is constructed under the disposal pads. The underpad drain is also designed
to provide a means to remove surface infiltration and groundwater which may accumulate under
the pads during operation and after closure. The underpad drain empties via a 10-in. diameter
porous concrete pipe to a sump in the monitoring station for sampling. The underpad drain is
sloped away from the french drain in an attempt to segregate upslope run-on water collected in the
firench drain from disposal pad area infiltration collected in the underpad drain. The top 6 in. of
shale underlying the underpad drain are scarified and compacted to produce a layer with a hydraulic
conductivity of approximately 5 x 10J cm/sec. This results in a significant difference in hydraulic
conductivity compared to the approximately 1 x 10'2 cm/sec conductivity of the #4 stone layer in
the underpad drain. A layer of filter fabric is placed on top of the drain layer prior to placement
of a 4-in. thick layer of sand which forms the base for the pad concrete pour.

As a part of final cover construction an upslope interceptor ditch is planned to be installed outside
the limits of the cover. This ditch is intended to intercept upslope run-on before it goes under the
final cover and should reduce the quantity of drainage from the french drain. The ditch will consist
of filter wrapped gravel and porous pipe drained to the nearby stream.

A series of standard groundwater monitoring wells will also be placed around the site.

Disposal Pads

The steel reinforced disposal pads are provided for two reasons. First, they form a structurally
stable base for the stacked disposal vaults which minimizes the potential for settlement which could
degrade final cover performance. The pads also provide a means to collect water which contacts
the disposal vaults for monitoring. The pad design is based on requirements for temperature and
shrinkage crack control. Epoxy coated reinforcing steel is used to minimize corrosion potential.
Concrete design is oriented toward the use of low- water/cement ratio, low-permeability mixes
designed to maximize durability.

Each pad is 60-ft wide and 90-ft long. The pads are 15-in. thick except at the end where two 6-
in. deep drain channels are located. In this area the pad is 2-ft thick. The pad is sloped to direct
any collected water toward the drain channel. A 1-ft wide by 1-fl high curb is located along the
perimeter of the pad except for the end opposite the drain channel. The curb is eliminated from
the high end of the pad to allow for crane access for disposal vault loading operations. Six pads
will eventually be constructed at the IWMF site.

Two concrete mixes are being evaluated for use in the initial IWMF disposal pad construction. The
first mix is a cement/fly ash mix which was utilized on the Tumulus II disposal pad. The second
mix being considered is a cement/silica fume mix. The silica fume mix is attractive due its very low-
permeability and



expected increased durability, although it is approximately 50% higher in material cost. It is
planned that a pad will be constructed from each mix to provide comparative information on cost,
constructability, and performance.

Pad Drainage and Monitoring Systems

A flow diagram for the systems designed to collect water at the IWMF is provided in Figure 6.
The system consists of the storm water collection system, the infiltrating water collection system,
the underpad drainage system, two water storage tanks, a truck transfer station, and the monitoring
flume and discharge line.

Water is drained from each disposal pad by two floor drains located in the drain channels. The
pad flows can be directed to either the storm water collection or infiltrating water collection system.
The storm water collection system consists of a 10-in. diameter polyviny! chloride (PVC) drain line
designed to transport water collected from the pad on which disposal vaults are being placed. This
line discharges to the stormwater sump in the monitoring station. It is planned that an empty pad
will always be in place while loading is occurring on the operating pad. A temporary bypass line
will be used to drain the empty pad directly to the creek.

After loading of the operating pad is completed, a temporary cover will be placed over the waste
stack to minimize water reaching the pad. As the pads are closed the drains will be valved to
discharge to the other drain system, the infiltrating water collection system and the bypass line
described previously is then removed. The much lower flows from the closed pads are transported
by the 10-in diameter PVC infiltrating water drain line to the infiltrating water sump in the
monitoring station.

The stormwater and infiltrating water collection lines and their associated valves and sample ports
are located inside of the drainage gallery. The drainage gallery consists of precast epoxy coated
reinforced steel concrete utility tunnel sections located along the drain channel end of the disposal
pads and connecting to the monitoring station. The drainage gallery entrances are located outside
of the projected final cap limits, thus providing access to the gallery for drain system inspection and
maintenance after closure. The drainage gallery is provided with heat, ventilation, and lighting.

The underpad drain, stormwater, and infiltrating water sumps are located at the monitoring station.
The sumps will normally discharge to the inlet to the monitoring flume. However, each sump is
equipped with a valve at its discharge so the sump can be isolated. Sump pumps are provided in
each sump which can pump to either of the two 2500 g.-»i storage tanks, or to the truck transfer
station. The storage tanks are also equipped with pumps and can be discharged to the truck
transfer station or to the flume for final monitoring and discharge.

The flume consists of a calibrated H-flume with water level measurement for flow determination
and recording, and a flow proportional sampler. Discharge from the monitoring siation is to the
surface drainage system leading to discharge from SWSA 6 at monitoring station #3.



Disposal Vaults

The LLW to be disposed at the IWMF will have to meet waste acceptance criteria (WAC)
established based on DOE and ORNL criteria. For example the waste will have been packaged
and certified so that no hazardous wastes, liquids, or transuranic waste (< 100 nci/gm) are present,
limits on radionuclide concentration will be established in conformance with the performance
assessment process called for in DOE Order 5820.2a.

The LLW will ordinarily be contained in metal 55 gal drums or B-25 boxes. These contained
wastes will be processed at the SWSA 6 Staging Area where the containers will be injected with
grout to minimize void space. The stabilized waste will then be sealed in the disposal vault by
grouting the annular space between the vault and the waste container. The resulting waste form
will have little or no void spaces, and will be structurally stable.

The disposal vault external dimensions are 7-ft 10-in long, 5-ft 7-in wide, and 5-ft high. The
internal cavity is 6-ft 8-in. by 4-ft 5-in. by 4-ft 10-in. This results in 7-in. thick walls and a minimum
of 2 1/2 in. annular space which is grouted. The vault is equipped with grout injection and vent
ports, water drainage channels in the bottom, and lifting fixture attachments at each corner. The
vaults weigh 8.5 tons empty, and approximately 13 tons when filled with grouted waste. The vaults
are planned to be stacked three high. A total of approximately 300 vaults will be placed on each
disposal pad.

;ver

Two cover systems are planned for the IWMF. An interim cover, planned to consist of a low-
permeability plastic membrane, will be placed after each disposal pad loading is complete. This
system is designed to minimize the quantity of water contacting the disposal vaults prior to
construction of the final cover. After all six planned units have been loaded and the interim
covers placed, a final low-permeability cover will be placed. The design of the final cover has not
yet been determined, but is expected to have an overall permeability of less than 1 x 10"* cm/sec,
and will likely consist of several layers including clay and plastic liners, drainage layers, and
vegetative support layers.
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INTRODUCTION

Two of the most common problems encountered by a hydrogeologist during the design and
scoping of a remedial investigation for a hazardous waste site are the determinations of appropriate
well location and depth of the screened interval in the saturated zone. To compensate for the lack
of sufficient information about a site, a hydrogeologist will commonly use a random approach to
well placement. An example of random placement is to place wells in an upgradient-downgradient
alignment with respect to a potential source area.

The random approach has several drawbacks that increase both the cost and time required
to complete the remedial investigation. First, although the welk may provide initial information
as to the absence or presence of contamination at a particular location and depth, their continued
usefulness is purely dependant on their location with regard to potential contamination. Second,
the random approach usually presumes that a certain percentage of the wells are sacrificial, because
these wells completely "miss the mark" and additional wells will have to be installed to correct for
the error. Third, many sponsors become agitated and aggressive when, after a very large initial
drilling and sampling program, a second phase is necessary to fill data gaps that are the result of
the evaluation of the first event. Last, the random approach usually requires more than one
iteration of drilling. This process significantly delays any type of remedial alternative selection.

The following paragraphs describe the remedial investigation at a site that incorporated field
screening techniques to allow for optimum well location. The information gained from each well
provided definition of the contaminant(s) and the location of contamination in the groundwater.
This information was obtained in one field event rather than a series of successive phases.

THE SITE

The site is a large facility with several potential source areas containing different types of
contamination (i.e., fuel products and solvents). Groundwater flow in the area is well known.
Several characteristics of the aquifer make it challenging for the hydrogeologist to track
groundwater contamination from a source area. First, due to hydrologic and lithologic properties
of the aquifer, dispersion is minimal. Contamination follows the groundwater flow path, typically
resulting in narrow plumes. Second, due to recharge by precipitation, plumes tend to plunge
within the aquifer. Therefore, the depth of contamination increases with increasing distance from
the source, resulting in a clean water zone above the contamination. However, plumes do not
dive at a constant rate.

These factors precipitated the need to develop a field screening approach that provided the
hydrogeologist with real-time chemical analysis. The real-time data collection aspect of this is a
distinct advantage because decisions on when and where to place conventional monitoring wells are
made in the Held. Two categories of equipment are necessary for this approach, a Geld analytical
instnunent to provide chemical analysis and a tool to collect groundwater samples at various depths
in the aquifer. A field gas chromatograph {GC) provided analytical data with sufficient detection
limits. Sample collection equipment are described below.



THE EQUIPMENT

Three pieces of equipment allow for the optimization of well placement and determination
of screened depth. The first is the screened hollow stem auger. This device was developed several
years ago and is manufactured by several different companies. Some drilling contractors choose
to fabricate their own. The device is relatively simple. The barrel (the section between the auger
flights) of a 4- or 5-ft section of lead hollow stem auger is modified by welding in sections of
stainless steel screen at four to six locations, or slots may be cut into the existing barrel of the
hollow stem auger. The size of the stainless steel screen can be adapted depending on the grain
size distribution of the formation from which water samples will be taken. In this procedure, the
lead section of the hollow stem auger is fitted with a bottom plug so the screened section can be
advanced to locations below the static water level. The lead section is advanced into the saturated
zone. Once the chosen sampling horizion is achieved, a submersible pump is lowered through the
augers into the saturated zone to begin purging the groundwater within the hollow stem auger.
Three purge volumes are extracted and a discrete point bailer is used to obtain a sample of
groundwater from the screened horizon. This sample is sent to the field GC for screening analysis
of its chemical content. While the sample is being analyzed, the screened auger is advanced to the
next sampling zone, and the procedure is repeated. The amount of advancement is based on the
contaminant(s) of concern and the stratigraphy through which the sampling will occur. The process
is repeated until the goal of the sampling effort has been achieved. The most significant
disadvantages of this method are that stratigraphic samples cannot be collected at the same time
or in advance of the groundwater sample being taken because of the plug in the bottom of the lead
auger flight. The second disadvantage is that, in silty/clayey formations, the screens may easily clog
or the recharge may be so low that purging and sampling can take a significantly long period of
time.

A second device used in much the same way as the screened auger is the Hydropunch. A
Hydropunch looks much the same as a 1-in diameter well point approximately 5-ft long. The
difference is that the bottom of the sampler can be retracted approximately 1.5 ft to expose a
flexible Teflon or stainless steel mesh screen. Water flows through the screen and into the 500-
mL sample chamber located above the screen. The Hydropunch can be used in two different
modes, using either cone penetrometer equipment or conventional drilling equipment. With the
drill rig, the Hydropunch can be hydraulically pushed into the ground without temporary casing, or
it can be advanced through the center of a hollow stem auger in much the same manner as split-
spoons are collected in advance of the auger flights. Once the Hydropunch is pushed to the
desired depth, the sleeve is retracted and a groundwater sample is collected. The sample is then
removed from the sample chamber and sent to the mobile GC for analysis. After the Hydropunch
has been decontaminated, the process is repeated at the next sampling depth. Purging is not
required. The advantages of the Hydropunch 2ie that it can be used in conjunction with split-
spoon or other geologic sampling tools and, because no purging is required, and only a small
volume of water is collected, the time to collect a sample is minimized. The Hydropunch is
particularly suitable for lower permeability fine sands and silts. The disadvantages of the
Hydropunch are that the surface of the groundwater table cannot be sampled effectively because
the sampling chamber requires 5 ft of head for the sample chamber to fill. The second
disadvantage is that in finer grained formations, an excessive period may be required for the sample
chamber to fill because of clogging of the filter.

The third device that can aid in determining the location and depth of the screened interval
is the mobile cone penetrometer. The mobile cone penetrometer has been on the market for



several years. It has not gained wide acceptance except in certain parts of the country. The
mobile cone penetrometer consists of a 20-ton truck with an on-board computer system and a
collection of l-in.-diameter stainless steel rods that are hydraulically pushed through the subsurface
at a typical rate of 1 meter per minute. The lead rod is fitted with electrical resistance contacts
so that resistance on the lead cone and the body are continuously measured and fed to the
computer. By analyzing the difference between the two readings, the computer can determine
whether the lead rod is passing through sands, silts, or clays. In more recent years, companies have
modified the lead rod to allow for collection of pH, measurement of conductivity or a collection
of a small groundwater sample. The mobile cone penetrometer can be fitted with a piezometric
element to collect data on the change in piezometric pressure with depth. The cone penetrometer
may be used in conjunction with the Hydropunch. Using the two techniques in concert allows for
stratigraphic information and groundwater samples to be collected without installing monitoring
wells. The biggest disadvantage of this approach is that the penetrometer cannot penetrate through
gravels and has the same disadvantages that hollow stem augers have in unconsolidated materials.

THE SCREENING APPROACH FOR GROUNDWATER

The principal intent of using the type of equipment described previously is to allow field
personnel to optimize the information gained from the installation of monitoring wells. To most
effectively use the equipment described above, a total screening approach must be developed to
ensure that the site-specific Data Quality Objectives (DQOs) are met. The underlying premise of
the screening approach is that DQO Level II data are sufficient for making field decisions (i.e., the
placement of monitoring wells). The basic approach is to collect screening data (DQO Level II)
to aid the field investigator in assessing whether contamination is present. If contamination is
present, the contaminant geometry can be defined. Also, the specific chemical constituents may
be determined. This allows the investigator to determine the best location for a monitoring well
and also the depth at which the screen should be set. Therefore, the fieldwork does not have to
stop to allow for analysis of the data that have been sent to a Contract Laboratory Program (CLP)
laboratory, as a conventional approach. In addition, if this type of investigation is scoped properly
and evaluated continuously in the field, the bulk of the information on plume geometry can be
gained in one field effort or mobilization. Once the field screening methods have been evaluated
and the monitoring well locations and depths have been determined, it is then important to verify
the screening data. This is accomplished by sending the first round of groundwater sampling from
the monitoring wells installed for full laboratory analysis at DQO Level III or IV. Screening data
are sufficient for making field decisions but must always be used in conjunction with CLP Level
HI or IV data for other components of a remedial investigation.

CASE STUDY SUPPORTING THE SCREENING APPROACH

Several factors determined which field equipment would best meet the objectives of the
study when the screening approach was scoped oui for the site. Since the study was in the
remedial investigation phase, requiring the placement of monitoring wells for CLP analysis the
screening approach for groundwater was only a part of a much larger scope of work for the facility
that required drill rigs and the lithology was uniform and groundwater flow fairly well defined, the
cone penetrometer was not considered.

Soil samples were not collected for downgradient (nonsource) monitoring wells, so both the
Hydropunch and the screened auger were used at the site; however, screened augering proved to
be more effective. This conclusion will be discussed later in the text. The following strategy was



developed to track groundwater contamination. The Hydropunch and screened auger techniques
can be used under this scenario.

To determine the depth of a plume, a monitoring well cluster was placed near the axis of
the plume. Screened auger samples were collected every 5 ft and were analyzed for target
compounds with the field GC. Samples continued to be collected until two successive samples
contained less than S ppb of the target compounds. The deepest well in the cluster was then set
in the clean interval below the plume. The depths of the screened intervals for other wells were
determined based on the data collected from the deep boring.

With the depth and thickness defined near the center of the plume, the width was then
determined. This calculation was accomplished by screened augering boreholes cross-gradient in
each direction from the cluster location. A single well screened in the middle of the plume was
set at each of these locations. If screening data confirmed the presence of contamination, then two
more screened auger boreholes were completed further cross-gradient. This process continued until
the screening data showed that contamination was not present, resulting in a fence of monitoring
wells.

Tracking the plume downgradient requires completing monitoring well fences by the method
described above until contamination is no longer intercepted. The monitoring well cluster should
always be placed directly downgradient of the axis of the plume. The axis can be determined by
plotting the screening data from all the depths for all the wells completed in the previous fence.
The distance between fences depends on the concentration of contamination and the distance the
piume is expected to extend, based on the age of the source and the velocity of groundwater.
The distance between the central cluster and the cross-gradient wells will depend on the
concentration of contaminants and the chemical dispersion properties of the aquifer and the
contaminant.

For the above scenario to succeed, the screening data obtained must be in close agreement
with data obtained from full laboratory analysis. Also, the target compounds analyzed in the field
must accurately represent (i.e., with similar chemical properties) the contamination in the plume.
Table 1.1 presents a comparison of field GC results from samples collected with the screened auger
versus CLP Level III data. Trichloroethylene shows the best correlation, but on the whole, the
correlation between the two methods was quite good. Most important, all nondetects by screening
are matched by nondetects by CLP, indicating that the placement of wells based on screening data
is a valid approach, and each well is useful in that it defines some aspect of plume geometry.

Hydropunch sampling was also used in the same field area. In this case, the Hydropunch
was used in conjunction with the hollow stem auger rig. Table 1.2 shows a comparison of field GC
data collected with the Hydropunch and with the screened auger in adjacent boreholes. Although
sampling depths are not the same, the data match very well. The decision to use the screened
auger instead of the Hydropunch was based on the following factors. First, the time to collect
samples by each method is approximately the same. However, the screened auger is easier to use
since it does not require drill rods to be assembled for every sample. Second, the screened auger
produced a clearer water sample, due to the fact that three auger volumes are purged before
sample collection. Third, screened augering always provided sufficient



sample volume for duplicate samples. Another important consideration was that the purge water
produced from screened augering did not have to be containerized.

APPLICATIONS OF THE SCREENING TECHNIQUE

The screening technique was used to successively track several plumes at the site, all during
one field mobilization. One of the largest plumes tracked was found to be 2500 ft wide, 8000 ft
long and 35 ft thick. This plume reaches depths of over 200 ft below ground surface, with up to
60 ft of clean water overlying the layer of contamination.

Future applications at this site include tracking plumes that follow the same flow path in
the aquifer but are at different depths (i.e., overlapping plumes) and tracing contamination found
in boundary wells back to a source area.

SUMMARY

This paper presents field approaches that allow the hydrogeologist to obtain screening data
to determine whether contamination is present. Therefore, information for plume definition and
proper monitoring well placement can be collected in a cost-effective and expeditious manner.



TABLE 1.1. Field Gas Chromatorpraph results versus Contract Laboratory Protocol Level ID results

Well TCE1 DCE2 PCE PCA4

Number GC3 CLP* GC CLP GC CLP GC OP

1201-A
1201-B
1202-A
1202-B

1203 A

1204-A
1204-B

1205-B
1205-C

1205-D

1206-A
1206-B
1206-C
1206-Z

1207-A

1208-A

1209-A

1210-A

1212-A
1212-B

602-A
603-B
603-Z

TCE =
*DCE =
*PCE =
*PCA =

0.2
LT0.1
21.0
2.6

0.5

2.3
0.4

LTO.l
28

11.0

0.9
0.4
LTO.l
LTO.l

0.3

1.6

LTO.l

0.2
ND

36.0
4.0
0.6

ND7

24.0
5.0

ND

1.0
ND

ND
2.0

14.0

2
 2
 2
 2

d
d
d
d

ND

2.0

ND

ND

ND
ND

14.0
5.0
ND

trichloroethylene
dichloroethylene
tetrachloroethyiene
tetrachloroethane

LT O.I8

LTO.l
1.1
0.8

LTO.l

LTO.l
0.1

LTO.l
LTO.l

LTO.l

LT 0.1
LTO.l
LTO.l
LTO.l

LTO.l

LTO.l

LTO.l

LTO.l
ND

0.5
LTO.l
LTO.l

ND

ND
ND

ND

ND
ND

ND
ND

ND

2
 2
 2
 2

d
d
d
d

ND

ND

ND

ND

ND
ND

ND
ND
ND

SGC
*CLP
'ND
•LT

0.2
0.4
65.0
9.7

1.7

8.2
2.8

LTO.l
2.2

11.0

1.5
0.3
LTO.l
LTO.l

0.6

2.1

0.1

0.7
ND

90.0
8.0
0.6

ND

62.0
18.0

ND

6.0
ND

ND
2.0

14.0

2.0
ND
ND
ND

ND

3.0

ND

ND

ND
ND

31.0
13.0
ND

= Gas Chromotograph
= Contract Laboratory
= non detect
= less than

LT0.2
LT0.3
10.0
5.5

0.6

LT2.0
LT0.5

LTO.l
1.5

6.2

0.7
0.3
LTO.l
LT0.2

LT0.2

1.9

LTO.l

LT0.2
ND

19.0
li.O
LTO.l

Protocol

ND

ND
4.0

ND

ND
ND

ND
ND

13.0

2
2
 2
 2

d
d
d
d

ND

1.0

ND

ND

ND
ND

7.0
10.0
ND



TABLE 1.2. Field Gas Chromatograpb data collected with HydroPuncb and screened auger in
adjacent borehole

Depth

7-12
7-9

12-17
12-14

17-22
17-19

TCE1

V
T

ND
T

ND
ND

PCE2

4.8
8.1

5.5
T

T
T

DCE3

ND5

ND

ND
ND

ND
ND

Benezene

2.9
ND

3.8
ND

T
ND

Ethlybenzene

ND
ND

24.2
21.7

15.0
3.4

Toluene

ND
ND

T
T

ND
ND

Note: First set of numbers in each pair are from screened auger samples; second number in each
pair are from HydroPunch® samples

'TCE = trichloroethylene
^CE = tetrachioroethylene
JDCE = dichloroethylene
*T = trace
5ND = non detect
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Abstract

In the development of a remedial investigation strategy, a fundamental objective is the
quantification of contaminants both vertically and horizontally within the subsurface. This task
becomes quite complex when working with aquifers that are discontinuous laterally and
stratigraphically because this also controls contaminant distribution. To solve this dilemma and
determine the most sensitive well locations, two state-of-the-art screening methods were chosen
for initial site characterization. The first method, cone penetration (CPT), uses a steel point
equipped electronically with a pressure transducer and load cells to measure pore pressure and
geotechnical properties. It provides a continuous interpretive log of the soil penetrated, thus
allowing for discrimination between aquifer and nonaquifer zones without coring. The second
method involves the use of a Hydropunch™. This device combines well point and check valve
bailer technology allowing the collection of groundwater at discrete depths. Over 130 such
CPT/Hydropunch tests proved to be an efficient and cost-effective means of delineating
contaminant and aquifer distribution at this California National Priorities List site. The study
described in this paper focuses on the methods and results obtained from comprehensive use of the
CPT/Hydropunch screening methodology.



Introduction

The recent expansion of activity in hazardous waste site investigation has resulted in the
development of new technologies and the application of technologies from other fields. The need
for a method of groundwater sampling that does not require the expense and commitment of a
monitoring well may be met with the Hydropunch™ (Hp). The need for lithology determination
and aquifer delineation without the expense and waste associated with drilling may be met with the
cone penetrometer (CPT). Combined use of these technologies allows for the identification of
permeable water bearing zones in stratified sediments and the collection of groundwater from
selected zones. This approach proved to be very effective and provided data that are critical to
site characterization and remedial investigation progress.

This paper focuses on one of many sites under investigation at Moffett Field Naval Air Station
located at the southern end of San Francisco Bay, which acts as a submarine tracking facility in
Mountain View, California. Moffett Field is undergoing remedial investigation (RI) as part of the
Hazardous Waste Remedial Actions Program (HAZWRAP) Installation Restoration Program.

Problems and Objectives

One of the fundamental problems associated with the Moffett Field RI has been determining the
distribution and correlatibility of the shallow aquifers. The aquitards are believed to be extensive
and fairly persistent, while aquifer zones are seemingly sporadic. Determining the distribution of
stratigraphically correctable shallow aquifer zones was a primary concern in the characterization
of Site 9.

Determining contaminant distribution and concentrations was also a primary objective that was
closely linked to understanding the aquifer system. Since the areal distribution of groundwater
contamination was being investigated, the permeable zones suspected of lateral continuity were
targeted. The vertical distribution of contaminants was also a concern since two aquifer zones
known to be contaminated are present. It was felt that the relationship of contaminant distribution
within ihe two shallow aquifers would aid in determining the degree of aquifer interconnection.

Another main data use objective associated with these issues was monitoring well siting. Several
approaches for using CPT and Hp data to locate monitoring wells were used. One approach was
simply determining if suitable aquifer material and contamination were present at a proposed
location. Another approach used CPT/Hp data to estimate downgradient plume extent for location
of monitoring wells on the downgradient edge. Since multiple contaminant sources exist at
Site 9, the CPT/Hp data were also used to determine plume connectedness laterally. The use of
the CPT/Hp data for determining contaminant plume distribution meant simply using the Hp-
collected groundwater sample analysis as a data point. Using the data point approach satisfies
one of the basic objectives for monitoring well installation (i.e., determining contaminant
concentration at a point) and can result in the reduction of the number of wells.

An overall objective associated with the CPT/Hp study at Site 9 was identifying the contaminant
sources. The multiple source situation at Site 9 is complicated by an upgradient plume invading
the site.



The siting of aquifer test wells was a subsequent objective. It was believed that the thickest aquifer
sections within a depth correctable interval were likely to be the most continuous laterally and
therefore capable of the greatest capture zone during potential groundwater remediation.

Site Description

Subsurface sediments at the site are unconsolidated and range from clay to gravel in grain size.
The stratigraphy at Site 9, and at Moffett Field at large, is derived from an estuarine depositional
environment subjected to several fluvial influxes of material from the alluvial fans that developed
along the Santa Cruz highlands. Extensions of these fans subjected to wave action resulted in the
redistribution of coarse alluvial material through shoaling. Periods of high sea level resulted in the
deposition of low permeability bay mud. The permeable water bearing zones at Moffett result from
bar sands, channel sands, and alluvial fan outwash. The shallow more permeable beds thin and
become more discontinuous as one moves away from the alluvial fans northward toward the bay.
These shallow aquifer zones occur over an interval of 10 to 55 ft (3 to 17 m) in depth and range
in thickness from less than one to 15 ft (0.3 to 4.6 m). A fairly persistent aquitard occurs around
the middle of this zone. Permeable beds that occur in the upper half are known as the A, Aquifer,
and those that occur in the lower half are known as the A2 Aquifer. The occurrence of these beds
is not consistent, and one or both may be absent at a location.

The groundwater's hydraulic head at Moffett increases with depth, resulting in an upward vertical
gradient over most of the Base. The aquifers range from confined at depth to semiconfined and
unconCned at higher elevations. Much of the Base is below sea level and exhibits an upward
gradient into the shallow A aquifers. Site 9, however, is above sea level and may have a downward
vertical gradient between the A, and A2 Aquifers.

The contamination at Site 9 includes fue) components, solvents, and inorganics. Several suspected
sources are within and upgradient of Site 9. These include underground storage tanks, paint waste
sumps, a dry cleaning sump, an oil/water separator, and a vapor condensation recovery tank.

Previous investigations at this site included coring, borehole geophysical logging and collection of
surface soil samples and shallow borehole samples, installation of a limited number of monitoring
wells, groundwater and soil sample analysis, and a soil gas survey. The results of the soil gas survey
and progressive downgradient positioning from the sources were used in determining the CPT and
Hp locations.

The Cone Penetrometer

The Cone Penetrometer consists of a hydraulically driven steel probe that is equipped to measure
the geotechnical properties of soil and data recording equipment. An electronic cone was used
in this study. This cone is equipped with strain gages, a pressure transducer, and an inclinometer.
A 60° apex cone tip with a 10 cm2 projected cross section area is the leading end of the probe,
which is connected to a strain gage and measures the penetration resistance. The tip is also
equipped with a porous stone piezoelement coupled to a pressure transducer. This provides
measurement of pore pressure. The side of the probe is equipped with a sleeve that responds to



the friction resistance incurred during penetration. The sleeve is connected to another strain gage
within the probe. The inclinometer within the probe measure plumbness. Electronic signals from
the pressure transducer, the strain gages, and the inclinometer are transmitted through a cable in
the hollow push rods to analog and digital data recorders, which compose the data acquisition
system. The system is housed in the cabin of a 20-ton (18 metric) truck. Data on cone tip
resistance, sleeve friction resistance, friction ratio, depth, inclination, pore pressure, and differential
pore pressure ratio are usually recorded. Two popular cone designs are presented in Figure 1.
The cone used in this study included a porous filter in the cone face as shown.

The truck is rigged with a hydraulic jacking system used to drive the penetrometer. The load of
the hydraulic ram is transferred to the punch rods by a hydraulic clamping system. The maximum
thrust the push rods can withstand is 45,000 pound-force (lb,) [200 kiloNewton (kN)]. A 45,000
lbt (200 kN) thrust will penetrate depths up to 100 ft (30 m) in dense or stiff materials and up to
260 ft (80 m) in looser soils. Power is supplied by the power-takeoffc of the truck.

In this study, an interpretation of the CPT parameters was performed with computer software. An
interpreted printout was provided that described the types of soils penetrated. The interpretation
was based upon the relationship between the tip (cone) resistance and the friction ratio. The
friction ratio is the sleeve friction (local friction) divided by the tip resistance, multiplied by 100,
and expressed as a percent. The types of soils associated with various numerical relationships are
available on soil classification charts, which plot cone resistance againsi friction ratio. Several charts
are available with slightly different plotting of soil types based on that authors experience.
However, all of the charts exhibit a similar relationship between tip resistance, friction ratio and
soil types. In this relationship, sandy soils have high dp resistance and low friction ratios whereas
clayey soils have low tip resistance and high friction ratios. Although both tip resistance and local
friction increase with grain size, the rate of increase is not equal, which results in a numerical
relationship beneficial to interpretation.

Interpretation based upon the relationship of these parameters has classically been accepted.
Recently, however, the increased use of a porous filter piezoelement in the cone has brought a lot
of attention to the role of pore pressure in CPT data and interpretation. In simple terms, excess
pore pressure develops during penetration of low permeability undrained soils, such as clays. This
situation results in data that are beneficial to stratigraphic interpretation for this excess pressure
dissipates upon entering permeable zones, such as sand. The development of this potential is
directly related to the grain size and saturation of the material. Drained material (e.g., above the
potentiometric level, water table or perched water zones) will not develop excess pore pressure.
Slightly permeable material, such as silts to very fine sands, if saturated, may allow pore pressure
dissipation as quickly as it builds with a resultant reading near zero. High permeability soils, such
as sand, will allow rapid dissipation of excess pore pressure and often exhibit negative pore
pressure. An alternate or complimentary means of CPT data interpretation involves comparison
of the tip resistance and the pore pressure ratio. In its simplest form, the pore pressure ratio
represents the excess pore pressure divided by the tip resistance, multiplied by 100, being
represented as a percent. This ratio was not used in the software interpretation. Its relationship
to the other parameters is depicted in Figure 2. The pore pressure and the raiio aid in conceptual
understanding and refined interpretation of the CPT log.
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The Hydropunch™

The Hydropunch™ groundwater sampling tool can be used with either cone penetrometer
equipment or conventional drilling equipment to push or drive the sampler to the desired sampling
depth. The sampler is approximately 5 ft (152 cm) Jong and 1.5 in (3.8 cm) in diameter and is
constructed entirely of stainless steel and Teflon. The Hp has a stainless steel drive point, a
perforated section of stainless stee! pipe for sample intake, and a stainless steel and Teflon sample
chamber, which is capable of collecting 500 ml of groundwater. To drive the sampler, an adapter
is used for coupling to either penetrometer push rods or standard soil sampling drill rods.

As the unit is pushed or driven through the soil, the sample intake port is shielded in water tight
housing that prevents nonselect groundwater from entering the unit. The shape of the sampler
and its smooth exterior surface prevents the downward transport of the surrounding soil and liquid
as the tool is advanced. When the desired sampling interval is reached, the sampler is retracted
upwards 12 to 18 in. (30.5 to 45.7 cm), exposing the sampling port to the water-bearing zone and
permitting groundwater to flow through the screen into the sample chamber. A disposable
polypropylene screen covers the sampling port to filter out sand particles.

As a groundwater sample is collected, the drive cone and the sample chamber are flush against the
borehole wall, serving as packers that isolate the intake screen from groundwater above and below
the zone being sampled. The sample is collected under in situ hydrostatic pressure with no
aeration. After the sample chamber is filled, the Hp is pulled upwards. This results in a
hydrostatic pressure in the unit greater than the aquifer, which closes the two Teflon check valves
and retains the sample within the sample chamber. Upon retrieval, the upper check valve is
replaced with a Teflon stop cock valve and a disposable tube. The groundwater sample is then
decanted out of the top of the sampler, in much the same way as decanting a bailer. See Figure
3 for a sectional view of the Hp. The samples collected with the Hp were analyzed for Volatile
Organic Compounds (VOCs) with selected samples being analyzed for Total Petroleum
Hydrocarbons.

Site Characterization

The results of 40 CPT test locations within the main body of Site 9 are presented here. An
oblique view of the results is shown in Figure 4. The lithologies presented here have been
simplified to be compatible with the scale. The CPT generates continuous data and the
interpretation was provided at 0.2 ft (6.1 cm) intervals. Although such discrete interpretation can
be valuable in understanding the geology at a single location, it brings too much complexity to an
overall site view. Therefore, the lithologic columns have been simplified with respect to
predominant grain size over large vertical intervals. Four grain size divisions have been chosen.
Silt to silty clay, clayey silt to silt, sand, and sand and gravel. As will be discussed later, the
software interpretation and discrimination between these soil types is not absolute and some overlap
and cross-interpretation is unavoidable. This simplified reduction and segregation of the data seems
to be the easiest way to view the data and is consistent with the data quality. Such data reduction
is also consistent with one of the main data uses (i.e., understanding the potential for hydraulic
communication between the Al and A2 Aquifers). When viewed with respect to this, each category
also represents potential ranges of hydraulic conductivity.



FIGURE 3 HYDROPUNCH
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This interpretive presentation indicates a grain size distribution at Site 9 that is consistent with the
grain size distribution known to exist on a larger scale at Moffett. As stated earlier, alluvial fans
associated with the Santa Cruz highlands were a source of material as well as esturaine deposits.
The aquifers show an overall increase in lateral extent and thickening towards the highlands, and
inversely, the aquitards show a thickening toward the bay. A similar trend in grain size distribution
is seen at Site 9 in that a greater amount of silt is seen towards the south end of the site. This
trend, which may indicate greater communication between A, and A ,̂ has potentially affected the
contaminant distribution and may play a role if groundwater remediation is pursued.

As expected, the CPT data showed the existence of preferential pathways and areas of low
permeability that act as hydrologic barriers. CPT/Hp locations that showed low contaminant levels
but were sited within suitable aquifer material and surrounded by higher contaminant concentrations
are believed to be discontinuous laterally or pinch out into low permeability material. The A,
Aquifer appears to have more sporadic discontinuities within Site 9 than the A2 Aquifer. This is
consistent with the increase in lateral persistence of deeper aquifer material observed basewide at
Moffett. The southwest portion of Site 9 shows a northward trending flow path that is consistent
with the northward potentiometric gradient direction. Also a narrow aquifer zone appears to
enter the site from the area upgradient (south) of the site. The eastern part of the site exhibits
a northwest oriented flow path that appears to be the result of a conductive flow path bounded
on the east by low permeability material. See Figure 5 for these flow paths as evidenced by the
contaminant distribution.

Much of the contamination within the A, Aquifer appears to result from upgradient sources.
However, a source (dry cleaners) upgradient of CPT/H9-13 is evidenced by the elevated VOC
concentrations and anomalous presence of tetrachloroethene (PCE) locally. A source is also
suspected near CPT/H9-8A. Up and downgradient concentrations indicate a very small localized
plume.

The A, Aquifer CPT/Hp data indicate a fairly continuous northward trending plume with a
westward extension that is probably a preferential flow path (See Figure 6). It is believed that
the plume and aquifer material is continuous in the upgradient direction. However, it apnears that
the dry cleaner source has contributed significantly to the plume within Site 9. This conclusion is
supported by the presence of PCE, lower reported upgradient VOC concentrations, and the
coarsening of the A,/A2 aquitard toward the south end of the site. The presence of coarser
material in the aquitard has probably resulted in increased permeability and allowed migration of
contamination from the Ai Aquifer to the A2 Aquifer.

The CPT is a valuable tool but not without limitations. Within its working environment of
nonlithified sediments, 200 ft (61 m) is close to its penetration limit, and it can be stopped by small
gravel if there is little void space available for displacement. As would be expected, any
cementation of sands or gravels can also prohibit penetration. Nonretrieval of a soil boring is a
limitation but is complemented by the fact that no soil waste is generated. Overall, the CPT is well
refined and probably has less downtime than the average drilling.

The main shortcoming associated with the CPT in this investigation was the computer software's
interpretive capability. It may be that integration of more parameters into the program will resolve
this, or refinement of the program may be needed. Some of the interpretation problems referenced
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in the literature appear to have been associated with this study. Noncorrelation between some
specific intervals described by the CPT interpretation and equivalent depth intervals described on
logs from nearby borings may partly be due to the drastic vertical and horizontal lithology changes
that have been noted at Moffett.

The most significant difference in CPT versus boring log lithology was associated with sand and
gravelly sand encountered in the borings. In instances where these materials were observed as
being loose or very loose, they were sometimes interpreted by the CPT software as sandy silt to
silL This problem has been previously documented and is mentioned in some CPT research
literature. This situation supports the need for a greater understanding of pore pressure
relationships and incorporation into the interpretive software. Less significant interpretation
variabilities were also observed. The material classified as clay by the CPT was logged in borings
as silty clay, dry to slightly moist, slightly plastic to clayey silt, sli^ntly moist, firm, low plasticity.
Material with a CPT software interpretation of clayey silt and silty clay was found in the borings
to range from silty clay, slightly moist, soft to moderately stiff, moderate plasticity to clayey silt,
slightly moist, nonplaslic to sandy clay, moist, low to moderate plasticity. Material with a CPT
interpretation of sandy silt and silt was found in the borings to range from sandy clay, wet, low to
non-plastic, very loose to silt or a combination of sand and silt to clayey silty sand, wet, fine to
medium grain, and loose. As mentioned previously, the material interpreted as sandy silt and silt
occasionally included much coarser material. Material with a CPT interpretation of silty sand was
found to occur at transitions between sandy silt and silt zones and sand zones as interpreted by the
CPT software. Specific correlative silty sand zones were not identified in the borings. This
lithologic description was seldom used in the borehole logging. Material with a CPT interpretation
of sand or sand and gravel was found to be in good agreement with the boring data. In general
the boring data confirmed most of the CPT interpretation.

Other data quality problems inherent to the CPT and interpretive software were not analyzed in
this study but are worthy of mention. One of the fundamental problems is associated with the
trailing position of the friction sleeve relative to the cone tip. The friction sleeve's length and
position relative to the tip results in some degree of depth inaccuracy. Although the distance it
is set back from the tip is accounted for in the interpretations, the sleeve length results in data that
represent an average resistance encountered over the entire sleeve length. This inaccuracy is
compounded by the fact that tip resistance is influenced by the soil properties ahead of and behind
the tip. The sensing distance increases with soil stiffness. Therefore, stiffer layers (e.g., sand) will
require greater thickness for a full tip resistance response than softer layers such as clay.
Schmertmann, 1978a, and Treadwell, 1975, estimate a stiff bed thickness of 36 to 72 cm (14 to
28 in) is required for a full tip response with a standard cone, whereas a soft layer much thinner
than 36 cm may fully respond. A potential result of this relationship is an interpretive log that is
biased toward a clay predominance due to thin bedding and the tip's inability to fully respond in
sand layers between clays. This is another situation where pore pressure data become valuable.
Since pore pressure is measured at the porous element in the tip and response time is reported
as 0.25 seconds or less, the response data are very depth discrete.

Another potential inaccuracy that has been reported is associated with excess pore pressure in
low friction materials such as clays. Elevated pore pressures in such materials can increase the tip
resistance and sleeve friction and thus influence data accuracy.



A similar effect can occur with depth. Increasing overburden results in greater confining pressure
that may not be accounted for in CPT software interpretation of tip resistance and sleeve friction.

Conclusions

The CPT/Hp combination proved to be a valuable site characterization tool. The CPT's most
beneficial use was in selecting permeable zones for Hp sampling. Absolute lithology definition was
complicated by thin bedding and loose sands. However, the overall lithologic trends and the thicker
units were well identified. During the field effort, the CPT graphic logs (e.g., Figure 2) were relied
upon, and interpretation was performed visually based on a conceptual understanding of the
parameters. This approach was consistent with the data use and data quality associated with this
stratigraphy screening method. Absolute stratigraphy definition will rely upon boring data.

The Hp worked well at almost all sampling locations. A few permeable zones targeted with the
CPT proved to be unsaturated or at too low hydraulic head to yield a sample. Under favorable
conditions (i.e., in saturated conductive material and under at least 5 ft (1.5 m) of head) only a few
minutes were required to fill the sampler. The data quality of analyzed Hp water samples versus
samples from subsequent monitoring wells has not been investigated. The Hp does appear to be
an effective method for groundwater sample retrieval in support of groundwater contaminant
screening and plume mapping.
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ABSTRACT

The methods used for conducting a radiological characterization of the soil surface for the Phase 1
Remedial Investigation of a Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) site is presented via a case study. The study site is an operable unit (300-FF-l) located in and
adjacent to the 300 Area of the U. S. Department of Energy's Hanford Site in southeastern Washington
State. The operable unit contains liquid and solid waste disposal facilities associated with nuclear fuels
fabrication. Continuous surface radiation sun-eying and soil sampling of selected locations were con-
ducted. Contamination was found in several locations within the operable unit including areas near the
liquid and solid waste disposal facilities. Instruments used during surveying included portable beta/gamma
(P-ll) detectors, and the Ultrasonic Ranging and Data System using an Nal (Tl) detector. Laboratory
analyses results indicate that above-background radiation levels were primarily due to the presence of
uranium. Both types of field instruments used in the study were effective in detecting surface contamina-
tion from radionuclides; however, each had specific advantages. Guidelines are presented for the optimum
use of these instruments when performing a radiological characterization of the soil surface.

INTRODUCTION

This paper presents a case siudy of fiscal year 1990 field activities and subsequent data analyses per-
formed during a radiological characterization of the soil surface for the Phase I Remedial Investigation of
the 300-FF-l Operable Unit. Pacific Northwest Laboratory (PNL) performed the study for the Environ-
mental Management Operations at the request of Westinghouse Hanford Company (WHC). The purpose
of the Remedial Investigation is to determine the nature and extent of the risk presented by releases of
hazardous substances from the operable unit. The purpose of the radiological characterization was to
locate any areas of radiologically contaminated surface soil outside of operable unit waste facility
boundaries.

The Remedial Investigation/Feasibility Study Work Plan for the 300-FF-l Operable Unit (DOE
1990) provided the direction for this work. Characterization work performed under this task included
1) determining background radiation levels in the vicinity of the 300 Area, 2) conducting surface radiation

'Pacific Northwest Laboratory is operated for the U.S. Department of Energy by Battelle Memorial
Institute.



surveys outside of established radiation areas, and 3) soil sampling and analyses. This paper focuses on the
methods used in performing a surface radiation survey and presents guidelines to assist the selection of
instruments for such surveys.

LOCATION

The operable unit is located in the 300 Area of the U.S. Department of Energy's (DOE) Hanford
Site in southeastern Washington. The Hanford Site is used for nuclear fuel fabrication, reactor operations,
spent foe! reprocessing, and radioactive waste management. WHC is the operating contractor for the
Hanford Site.

The 300-FF-l Operable Unit is a process liquid operable unit, which contains all of the major liquid
waste disposal facilities associated with nuclear fuels fabrication in the 300 Area (DOE 1990). These waste
disposal facilities include the North and South Process Ponds, Burial Grounds #4 and #5, and the 307
Trenches (See Figure 1).

INSTRUMENTS AND METHODOLOGY

Two types of detection instruments were used in the surface radiation survey, Geiger-Muller (GM)
beta/gamma radiation detection meters (Eberline model BNW-1-1 meters with model P-ll probes), and a
2- by 1-in. Nal (Tl) detector used in conjunction with the Ultra Sonic Ranging and Data System
(USRADS). Selected above-background locations were also surveyed using an Eberline model E-140-B
portable alpha meter (PAM). GM/P-11 detection instruments were the dominant type used. The
USRADS equipment was not available for use until the survey work was almost complete; therefore, it was
only used on a limited portion of the operable unit.

Determination of Background (GM/P-11')

Prior to initiating the surface radiation survey using the GM/P-11 detector, background radiation for
the area was determined from measurements made at three "background plots." Three 50- by 75-ft plots,
located just west of the operable unit boundary, were chosen for background radiation measurements
because they were upwind of, and probably not affected by, waste disposal operations. In addition, this
area had previously been designated as "clean" and used as a "borrow pit" for fill dirt needed to stabilize
surface radiation contamination areas. Therefore, it was concluded that these background plots would
yield an accurate representation of background for the operable unit. Within these plots, stakes were
placed in a rectangular grid 25 ft apart, with 12 stakes per plot. A point immediately adjacent to each
stake was surveyed. The results for the area around each stake were recorded in counts per minute (cpm).
The area between each stake was also surveyed as the traverse was made to detect any anomalous read-
ings; none were found.

The recorded background values were statistically analyzed using the One-Sided Statistical Tolerance
Limits Method (Lieberman 1958). This method calculates an upper tolerance limit, which is an upper con-
fidence limit on a proportion of the background population. Any values above the upper tolerance limit
were assumed to be above background. The calculated upper tolerance limit WPS 108.

Because the survey instruments have an analog readout that can be read only to the nearest 10 to
25 cpm (depending on the user), using 108 cpm as the absolute upper limit of background is not realistic
in the field. Additionally, the operators would not continuously read the dial of the instrument as they
surveyed; instead, they would listen to the output from the external speaker on the instrument and
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periodically check the dial. An experienced operator can accurately detect significant increases in cpm
using this method, which is a standard approved practice on the Hanford Site.

Instead of 108 cpm, a more practical background estimate, taking into account the limits of the
instruments and the subjectivity in each user's interpretation of the measurements, is approximately
100 cpm. This was the number that was actually used for ambient background.

Survey Methods (GM/P-li')

The field survey team consisted of a PNL field team leader and two to four WHC Health Physics
Technicians (HPTs). The surveys were conducted along traverses approximately 6 to 12 ft wide (depending
on the number of HPTs). These traverses were marked with wooden stakes prior to surveying. As one
traverse was completed, another traverse was marked. In this manner, the areas that had already been
surveyed could be distinguished from the areas remaining to be surveyed.

The HPTs surveyed continuously across each traverse. The radiation detection meters were slung
around their shoulders with a strap, and the probe was fastened to a "walking stick," an attachment that
allowed them to move the probe in an arc across the land surface while walking in a normal, upright posi-
tion. During surveying, the window of the probe was kepi in contact (or nearly in contact) with the
surface being surveyed. In several locations within the operable unit, vegetation was so thick that the
ground surface (soil) could not be surveyed; in these cases, the vegetation itself was surveyed.

While surveying, the HPTs would slow down or stop when they observed indications of increased
activity until they could determine whether or not the radioactivity was above ambient background (100
cpm). When measurements above the background value were found, the location was marked with wooden
stakes and surveyor's tape or radiation area rope, and assigned a location number (e.g., R-l). The loca-
tion number and the measured value were recorded on the stake. This temporary method of marking the
boundaries of the areas was done until tiie locations could be permanently marked as "surface contamina-
tion areas."

SURVEY RESULTS

Figure 1 shows the areas surveyed. As a result of the survey, a total of 77 locations (identified as
R-l through R-77) were noted as exhibiting above-background radiation (Figure 1) using the GM/P-il
detector. Location descriptions, including areal extent, instrument readings in cpm, and contamination
medium are shown in Table 1. In the following discussion, instrument readings are listed as cpm of
beta/gamma radiation unless specifically noted as alpha radiation.

As shown in Figure 1, most of the radiation surface contamination locations were in close proximity
to waste disposal facilities, most notably the North and South Process Ponds and Burial Ground #4. The
contamination found at locations R-39 through R-46 appears to be associated with waste buried in an
undocumented landfill.

The contamination medium for most of the locations was soil. In many of these locations, no visible
evidence of contamination could be seen. At approximately one-fourth of the locations, the contaminated
soil exhibited an obvious color change relative to the surrounding soil (i.e., bleached appearance, darker or
lighter than surrounding soil, rusty-red color). Contaminated soil samples previously collected from within
the North and South Process Ponds (Dennison, Sherwood, and Young 1989) showed a characteristic green
color (associated with the presence of copper); this was not seen at any of the locations in the current



TABLE 1. Description of Areas Above Background Found During the Surface Radiation Survey of the
300-FF-l Operable Unit, September 19S9 to June 1990

Location

R-l
R-2
R-3
R-4.5
R-6
R-7,8
R-9
R-10
R-Jl
R-12
R-13
R-14

R-35
R-16
R-17

R-18
R-19
R-20A.B
R-21
R-22
R-23
R-24-27
R-28
R-29

R-30
R-31
R-32
R-33
R-34

R-35
R-36
R-37
R-3S
R-39
R^JO

(a) del. =
(b) veg. =

Approximate
Arcal Extern

6 in. dia.
4 ft dia.
4 ft dia.
6 in. dia.
6 fl x 10 fi
6 in. x 1 ft
6 ft x 9 ft
1 fi dia.
2 ft dia.
2 fi x 8 ft
3 fl dia.
6 in. dia.
4 ft dia.
6 in. dia.
6 in. dia.
6 in. dia.
2 ft dia.
4 ft x 20 ft
2 ft dia.
50 fi dia.
5 f i x 20 ft
80 ft x 80 ft
0.5 in. x 1 in
2 m.
3 in.
2 in
5 fi dia.
2 in.
<] ft
<1 ft
3 ft x 3 ft
3 fi x 3 ft
5 in.
4 ft x 11 ft
n fi x 74 ft

detection limit
vegetation

GMP- l l
Instrument
Reading
fcpm'i

10,000
250-300
250-300
250-300
250-300
250-300
500-1500
600-700
200-1000
200-900
250^400
500
500
500
750
500

400
250
250
150
350
250
15.000
300
700
300
50,000
300

1200
200
200-600
200-600
14,000
7500
350-25.000

PAM
Instalment
Reading Contamination

• fcpml Medium

Soil

-

Metal
< det <a; "
< del
< det
50 Soil
< del Metal
< det
< det.
< det. Soil

< det "

< det. Soil. Glass

Location

R-41
R-42
R-43
R-«
R-45
R-46
R^J7

R-48
R-49
R-50
R-5I
R-52
R-53
R-54
R-55
R-56
R-57
R-58
R-59
R-60
R-61
R-62
R-63-65
R-60
R-67
R-48
R-69
R-70
R-71
R-72.73
R-74
R-75
R-76
R-77

Approximate
Area) Extent

18 ft x 14 ft
6 ft x 9 ft
6 in. dia.
6 in dia.
12 fl x 16 ft
6 in. dia.
<6 in. dia.
2.5 fl x 5 ft
<2 in. dia.
<1 in. dia
1 ft dia
2 ft dia.
1 fl dia.
5 ft x 10 ft
<1 ft dia.
< 1 ft dia
22 ft x 72 ft
4 ft x 1 ft
80 fl X 60 ft
8 fi x 3 fi
<6 in. dia.
3 ft x 5 ft
<6 in. dia
<6 in. dia.
<6 in. dia.
7 ft x 32 ft
3 ft x 5 ft
2 ft x 3 ft
10 ft x 10 ft
2 fi
40 ft x 138 ft
30 ft x 300 ft
62 fi x 10 ft
650 ft x 200 fi

GM/P-11
Instrument
Reading
(cpm)

850-1000
800
200
150
150-350
150-350
2500
250
2000
300
800-1000
250
200-250
400
400
300

800 max.
250
450 max.
300
200
200
200
500
400
200-500
300 max.
300
650 max
400
300 max
200-400 a
100-200
100-200 a

PAM
Instrument
Reading
fcpmi

< dct.

-

-

-

< det.
-

< det.
10
< del.
< det.
10
< del.
< det.
< det.
< del.
< det.
< del.
< del.
< det.
< det.
< det.
< del.
10
< del.
< del.
< del. avg.
< del.
< det. avg.

Contamination
Medium

Soil. Pipes
Soil, Veg.'b>
Soil
Ceramic
Soil, Ceramic
Soil, Metal
Soil

Feces
Metal
Soil

n

-

«

-

Soil
-

**

»
-
-

study. Additionally, in all cases the contamination was noted to be sufficiently attached to Us associated medium
that it was not "smearable." Contamination was also found associated with metal and other objects [ceramics,
piping, tumbleweeds, glass (Table 1)]. Most of the metai pieces were found near the entrance of Burial Ground
#4; possibly, these contaminated metal pieces were the aluminum end plugs or other material from uranium fuel
cladding operations. At the locations where contamination was limited to meial pieces (no soil contamination),
the pieces were removed and placed in an appropriate container within the confines of one of the burial grounds.



Location R-32 had the highest level of radiation at 50,000 cpm (within the top 3 in. of soil). Interim
remedial actions are being planned to remove and/or isolate this contamination area. All locations have been
posted as "surface contamination radiation zones."

ULTRA SONIC RANGING AND DATA SYSTEM fUSRADS^

The USRADS was used on a limited basis during this study. USRADS is a computerized data collection
system thai enables the user to correlate geographic location with data gathered at that location. A variety of
measuring devices may be used with this system; this study, a 2- by 1-in. Nal (Tl) radiation detector was used. For|
a detailed discussion of the USRADS equipment, see Dickerson et al. (1989).

USRADS Survey Results

The area that was surveyed using the USRADS equipment is shown in Figure 1. The USRADS survey was
done as pan of a training session on the equipment under the supervision of a CHEMRAD Tennessee
Corporation representative. In the approximately 25,000 ft2 area that was surveyed, 7820 data points were
collected.

It is noi possible to apply the calculated background estimate for the GM/P-11 detector to the USRADS daj
because the sensitivity of the two detectors differ. Both the GM/P-11 and Nal (Tl) detectors can delect beta and
gamma radiation. However, the GM/P-11 detector is more efficient for surfkial gross beta radiation while the Nal
(Tl) detector is more efficient for the more penetrating gamma radiation and hence can detect gamma radiation u |
to several inches beneath the ground surface. Therefore, to judge whether contamination may be present in the
USRADS results, the data were statistically analyzed in order to isolate areas with significantly elevated
measurements.

Statistical Analysis of the USRADS Data

Summary statistics for the USRADS data are shown in Table 2. As shown in this table, the minimum,
maximum, and mean values found were 2160 cpm, 7520 cpm, and 3510 cpm, respectively. The above number of
samples did not include 12 obviously incorrect readings; these were removed from the data. These incorrect valul
were either large negative numbers or numbers much greater than were normally observed (e.g., 2 million and 64J
trillion). These erroneous data points were apparently caused by a malfunction in the data pack. The cause of t]
malfunction is under investigation.

TABLE 2. USRADS Data Summary Statistics

Number of samples 7820
Minimum (cpm) 2160
Maximum (cpm) 7520
Mean (cpm) 3510
Median (cpm) 3480
Standard deviation 376
5th percentile 2960
95th percentile 4120



A histogra.n plotted from the data displayed an approximately bell-shaped, normal distribution of meas-
urements with a small number of larger measurements in the right tail (>95th percentile). Since a normal
distribution represents expected natural and measurement variability, a deviation from the normal distribution may
represent contamination, especially if the points are found in clusters and are not randomly dispersed throughout
the survey area.

A normal probability plot (based on a method in Holoway et al. 1981) was constructed from the USRADS
data (Figure 2). If all the data were from a normal distribution then all of the plotted points would be expected to
form a straight line pattern. Examination of this plot showed that a majority of the data (more than 98%)
appeared to reflect an underlying normal distribution. However, there were two discernable inflection points
(changes in slope), one at about 4400 cpm and the another at about 5100 cpm. Therefore, measurements above
4400 cpm are hypothesized to be indicative of contamination. Figure 3 is a map that shows the USRADS survey
area and the locations of points with values above 4400 cpm.

The points shown on Figure 2 generally have a north-south trend and do not correlate with the above-
background locations found with the GM/P-11 detector. Hypotheses for the lack of correlation between the two
detectors include 1) the type of radiation found by the two detectors differed (i.e., the locations found by the
GM/P-11 probe consisted primarily of beta radiation of insufficient energy to be detected by the Nal (Tl) detector,
and the locations found by the Nal (Tl) detector consisted primarily of gamma radiation that was undetected by the
GM/P-11 detector; 2) the locations found by the Nal (Tl) detector consisted of gamma radiation buried at a depth
great enough to be shielded from the GM/P-11 detector. It has been recommended that the above hypotheses be
tested by soil sampling and analysis of selected locations within the survey area.

GUIDELINES FOR INSTRUMENT SELECTION

Both the GM/P-11 detector and the Nal (Tl) detector were effective in identifying surface contamination.
However, the design and limitations of the instruments and their practical use in conducting a surface radiation
characterization suggest that there are specific advantages with each detector depending on the situation. The
primary factors tha' must be considered when choosing the proper detector include 1) the size of the area to be
surveyed, 2) the radioactive elements present (if known), and 3) time or budget constraints. For the following
discussion, it is assumed that a continuous survey will be performed, rather than a grid-point survey.

A GM/P-11 detector (or a similar detector that primarily detects beta radiation) is not as practical as the Nal
(Tl) detector for surveying a large area. This is because it is necessary to place the P-ll probe in contact (or
nearly in contact) with the medium being surveyed. The Nal (Tl) detector does not have to be in contact with the
ground surface in order to detect gamma radiation; this considerably reduces the amount of time needed to survey
a unit area.

Because the sensitivity of the two detectors differ with respect to beta and gamma radiation, choosing the
type of detector to use is much more straightforward if the type of radiation is known and if it is limited to one
type only. If more than one type is present, it may be necessary to use more that one type of detector.

Time or budget constraints may affect the practicality of the choice of detector, depending on the size of the
area and whether or not more than one detector is required to perform the survey. Compromises may have to be
made in the choosing the approach of the survey in order to satisfy both technical and budgetary requirements.

The above discussion suggests that for a survey of a iarge area in which both the GM/P-11 and Nal (Tl)
detectors would be used in conjunction with the USRADS system, the most efficient method would probably be to
first survey the entire area using the Nal (Tl) detector and then to survey portions of the area that showed
increased activity with the GM/P-11 detector.
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SOIL SAMPLE COLLECTION AND ANALYSIS

Several of ihe locations shown in Figure 1 were sampled; analyses results for these are shown in Table 3.
Sediment samples were collected with a stainless steel spatula and placed into 500 ml clear-glass, wide-mouth
bottles with Teflon-lined lids. These samples were analyzed for selected metals (including uranium), gamma
emitting radionuclides, and ^ S r .



TABLE 3. Analytical Results from Samples Collected During Surface Radiation Survey Activities

Constituent
Sample

300-FF-l Rl
300-FF-l R2
300-FF-l R6
300-FF-l R8
300-FF-l R9
300-FF-l RIO
300-FF-l Rl i
300-FF-l R12
300-FF-l R13
300-FF-l R14
300-FF-l R15
300-FF-l R16
300-FF-l R17
300-FF-l R19
300-FF-l R20B
300-ST-l R23
300-FF-l R26
300-FF-l R27
300-FF-l R28
300-FF-l R32
300-FF-l R38

Sample
_lVpe

SED
SED
SED
SED
SED
SED
SED
SED
SED
SED
SED
SED
SED
SED
SED
SED
SED
SED
METAL
SED
SED

U-235
(pCi/g)

22.8
102.0
153.0
112.0
101.0
165.0
197.-
63.2
21.5
77.2
75.8

119 0
61.8
61.4
60.4

289.0
46.5
45.1

18800.0
4410.0

90.9

U-Z34

fpCi/g)

<3
4.93
6.54
4.23
6.34

13.10
7.99
3.50

<3
4.12
3.49
6.10
3.20

<3
3.20

18.20
2.68
2 52

84300
23.80

5.33

Copper
fppm)

180.6
85.0

123.6
114.8
1005
5650
110 0
73.3
34 0
430
34.9
28.9
20.3
3<>5
35 5
4420
144.2
60.9

38.9
77.7

± 9.7
± 5.0
± 6.8
± 6.4
± 51
± 280
± 61
± 4.3
± 2.4
± 2.9
± 2.5
± 2.2
± 2.3
± 2.8
± 2.8
± 220
± 7.9
± 3.7
NA
± 2.8
± 4.7

Selenium
fppm)

0.90 ± 0.43
<0.95
<0.93
<0 93
<0.91
<1.0
<0.04
<0R0
<0.81
<0.B2
<0.79
<0.R3
<0.R4
<0.79
<0.R3
<1.0
<0.87
<0.84

NA
<0.99
<0.91

19.5
31 2
37.9
33.5
25.9
79.3
16.4
15.5
16.1
24.3
23.9
21.4
18.8
24.4
22.3
76.2
26.9
21 0

58.9
78.5

Lead
fppm)

± 1.6
± 2.5
± 2.6
± 2.4
± 2.1
± 4.6
-•- •

+

± 1
+

i
-*-

+

±

.6
.6

.6

.9

.8

.8

.7

.9

.8

± 4.4
± 2.1
± 1.8
NA
± 3.5

4.5

Axsenic
fppm)

4 3 0

7.2

5.9

5.7
5.2
2.8
3 16
1.63
2.20
1.64
1.80
1.60
2.97
3.04
2.28

<2.4
419
3.45

2.3
2.9

± 0.74
+ 1.2
+ 1.1
± 1.1
± 1.1
± 1.4
+ 0.81
+ 0.76
± 0.75
± 0.84
+ 0.78
± 0.79
± 0.85
± 0.86
± 0.85

± 0.94
± 0.86
NA
± 1.1
± 1.2

Uranium
(ppm)

680
517
706
502
492
674
486
185
169
226
155
153
147
182
140

1115
219
171

18500
1322

± 48
± 36
± 50
± 35
+ 35
± 47
± 34
± 13
± 12
± 16
± 11
± 11
± 10
* 13
± 10
± 78
± 16
± 12
NA
± 1300
± 93

Sr-90
fpCi/e)

732 ± 73
023 ± 0.06
0.39 ± 0.07
0.27 + 0.07
0.27 ± 0.06
0.39 ± 0.06

<0.06
0.14 ± 0.06

<0.06
0.20 ± 0.06
0.14 ± 0.06
0.54 ± 0.09

<0.05
0.12 ± 0.04

<0.05
0.23 ± 0.06
0.14 ± 0.05

<0.07
NA
NA
NA

SED » Sediment Sample
NA • Not Analyzed



The results from these analyses are presented in Table 3. The results indicated that the above-background
radiation levels are due primarily to the presence of uranium. The sample from R-l was the only sample that had
an elevated concentration of wSr. Three soil samples contained concentrations of copper exceeding 1000 ppm and
four contained concentrations between 100 and 1000 ppm, but there does not appear to be a linear relationship
between the concentration of copper and uranium.

SUMMARY

Surface radiation surveying and soil sampling were conducted within the 300-FF-l Operable Unit on the
Hanford Site near Richland, Washington. Contamination was found in several locations within the operable unit
including areas near the liquid and solid waste disposal facilities. Instruments for the surveys included portable
beta/gamma (P-11) detectors, and the Ultrasonic Ranging and Data System (USRADS) using an Nal (Tl) detector.
Both detectors were effective in locating contamination; however, there was not a direct correlation in the data
collected by the two detectors. This is primarily due to differences in the efficiency of the instruments. Laboratory
analyses results indicate that above-background radiation levels were primarily due to the presence of uranium.
Factors that musi be considered when choosing the proper detector to use in conducting a radiation survey include
the size of ;*ie area to be surveyed, the radioactive elements present (if known), and time or budget constraints.
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ABSTRACT

Chemical/mixed waste sites located in western states are often found in arid
regions where the unconsolidated alluvium contains multiple layerB of various
fines, gravel and cobbles. The transport of contaminants from the near-surface
layers to deeper underlying aquifers proceeds either through movement of gas-
phase material or through capillary movement of formation fluids driven by
periodic episodes of precip;tation. Developing in situ methods to characterize
the site geology, emplace monitoring equipment, and isolate a problem waste site
from the surrounding uncontaminated formation ie essential.

Since January 1990, the authors have been developing strategies, evaluating
commercial equipment, and planning adaptation/extension of existing directional
boring technology to cost-effectively enclose a waste site in a grid of vertical
and horizontal boreholes. Several manufacturers and drilling service companies
have been contacted about equipment capabilities, technical participation, and
field demonstrations of boring/drilling techniques. Directional holes have been
completed in field trials at SNL (Sandia National Laboratories) and at a
manufacturer's sites to demonstrate concept.

Further development of the grid concept will focus on quality core for precise
determination of subsurface conditionE/location of contaminants, access for the
emplacement of monitoring equipment/application of geophysical techniques to
measure formation properties, information for rank ordering of waste sites for
remedial action, and access for the placement of grouting/chemical retardants to
build an in situ barrier to the spread of contaminants.

The application of thiB grid technology to the ventilation of radon in the soil
beneath inhabited structures is a recent development in the project. This
concept with the associated strategy for proper grid geometry is being pursued
with regulatory agencies. Also, a three-year joint development program has been
negotiated with a major manufacturer of directional boring equipment for the
utilities industry. Additional applications for the borehole grid concept
continue to emerge.



INTRODUCTION

This paper is presented in outline form with a minimum of text. Reduced-scale
information panels are used to communicate the bulk of the project information.
Abstract and Summary sections are deliberately brief discussions of the work.
The authors welcome and encourage personal contact by any readers needing more
detailed information.

The initial SNL concept for directional drilling at waste sites, under structures
and in confined places was triggered by a non-associated proposal submitted to
the National Rural Electric Cooperative Association by Phil Albertson of The
CharleB Machine Works, Inc. Mr. Albertson envisioned a similar horizontally-
bored grid of holes beneath existing residential structures for the emplacement
of heat exchanger loops for ground source heat pump systems. The Geothermal
Research Division at SNL has a peripheral involvement with ground source heat
pump development and recognized the direct application of cost effective
directionally bored holes to DOE waste site problems and solutions.



Directional Drilling Technology
Exists in Various Industries

Petroleum

- Onshore Platforms

• Horizontal Drilling in Oil and Gas Reservoirs

Minerals Exploration

• Hard Rock Drilling

- Geothermal Exploration and Production

Utilities Installation

- Beneath Roadways

- Beneath Buildings

- Beneath Rivers

Advances in Directional Drilling make it a
viable access technology lor application to..

- Hazardous Waste Sites

• Buried Tanks

- Municipal Landfills

- Process Buildings

- Radon Ventilation

(2)

Environmental

- Slant Drilling
(1)

Areas ol Application lor Environmental

Directional Drilling are:

S.ie Characterization

- Logging

- Coring

Sampling ol soil, water, and vapor

Monitoring

Instrumentation emplacement

Borehole to Borehole and Borehole to Surface geophysics

Remediation

- Grout injection

Air stripping

- Cherr.ica! injection

(3)

WASTE PIT
Directionally-Drilled Borehole Grid

PROCESS BUILDING
Directionally-Drilled Borehole Grid

BURIED TANK
Directionally-Drilled Borehole Grid



Applicability ol Environmental Directional Technology

to ARDDT&E Plan

. Characterization of sub-surface geology

. Characterization ol underground tanks

. Characterization ol inactive facilities

. Remote, in situ characterization

. Contaminant distribution/behavior

. Real-time analysis lor clean-up

Future innovative technology

. Mixed waste characterization disposal

. Post closure monitoring

. Remediation of soils

(7)

Sandia Drilling Research Background

Pasi programs in POC bit development, drill string dynamics, dril
fluids, high temperature borehole instruments.

Current program lor Geothermal in hard rock penetration Emph
on technology development for lost circulation control and explo
coring systems, measurement while drilling, and logging instrurr

Management ol the Geoscience Research Drilling Ottice (GRDO)
Effort involves special drilling and coring applications as part of
Continental Scientific Drilling Program.

GROG responsibilities include technology development and ove
impiementstion ol complex drilling programs.

Extensive experimental facilities are available as a result ot Fos!
Geothermal programs.

(8)

Current Sandia Environmental Drilling Research Program Current Directional Drilling Technology

Divided into Two General Areas

Coupled with Sandia ES&H organization to provide drilling consultation

on compliance wells.

GRDO personnel involved in luture wells to be drilled at Sandia Waste

Sites. This Includes adherence to all permitting requirements lot

operation at a hazardous waste site.

Directional drilling technology test range being established adjacent to

SW. chemical waste site.

Light'Medium-Duty Systems for surface to 100'depth

- percussion tool (instrument emplacement, logging, san

- air motor downhole system (coring, hard rock penetratif

- slant auger and coring techniques

- high pressure water Jet lor mining applications

- hybrid systems for specific applications are being evalij

Heavy Rigs lor hard rock and deeper drilling

- air and mud motor systems

• some specialized equipment being developed by indud

(9)

(10)
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Proposed Hybrid System lor Shallow Waste Sites PIERCING MACHINERY CONFIGURATIONS

Basic machinery of utility installation industry

. Minimum site disturbance

. Ccst ellective

. Rapid moti demob

Directional and sampling technology from petroleum and minerals
industries

. Coring
• Fluid sampling
. Seismic location
. Directional surveying

j AIR
[COMPRESSOR!

V?^ THAMMERUNIT |suB|ggj^2SZ:

^ 7 7 / ]
OPTIONS -Air Supply • Piercing Force .Transmiiier • Various Snipes

•Reversing Tool -Steering • ln*trum*ms -Sieenng
, Line. -Cor*Tub*

(15)
(16)

DIRECTIONAL BORING MACHINERY CONFIGURATIONS

20' - 75-, WATER ASSISTED

DRIVE
UNIT

JPTK3IIS:
\

•Torqu*
•Speed
•Load

DRILL ROD | SUB I BIT

•SIM
• Cor* Baml
• Direction*] Logging

• Transmitter
• Inslrumtnu
• Sampling

• Standard
• Cora

General Program Tasks

Demonstrate current technology at a site selected by the sponsor. Tests

conducted jointly with industry partner using Sandla-designed

Instrumentation and sampling packages

Joint design work on steering systems, enhanced depth capability, and

Instrumentation adaptation

DRIVE
UNTT

\
1PTIONS: • Torqu*

•Speed
•Load

20 ' -75, AM ASSISTED

ORILL ROD I SUB |AUX,POWER| BIT I

Siz*
Cor* Barrel
Concentric Tubes
Directional Logging

• Transmitter
• Instruments
• Sampling

• Air Hammer
• Air Turbine

• Tri-Con*
• PDC
• Core

Demonstrate steerable system at depths up to 100 ft with enhanced

sampling/instrumentation capabilities

Demonstrate mature hybrid technology at appropriate site

Application of enhanced technology to Implement caging concept a.' an
appropriate waste cite

(18)

(17)



Test/Demonstration Sites

Drilling Equipment Manufacturer's Test Site

Sandla Non-Waste Site

Sindla Chemical Waste Site

Other DOE Waste and Non-Wasie Sites

(19)

Advantages of Proposed Drilling Technologies
Program lor Environmental Drilling

Short development time

Basic technology already exists In several industries. Hybrid
systems required lor environmental applications.

Drilling tests during development can provide valuable site data
throughout the program

Working directly with industry Insures broad availability ol the
technology

Sandia industry interaction provides a proven basis for
incrementing commercial capability to Include advanced and
needed technology Improvements

(20)

RADON VENTILATION-PASSIVE SOLAR APPLICATION OP TECHNIQUE

Federal and state regulatory agencies are becoming increasingly concerned about
the health effect of long-term radon exposure. Some lending institutions are now
requiring radon surveys on undeveloped real estate as well as on resale
properties with dwellings. Many dwellings are found with radon levels that
exceed acceptable limits. Remediation of these problems could be significantly
enhanced by the formation of directionally-bored horizontal ventilation grids
beneath existing structures. In many areas, passive solar designs with vertical
riser piping would establish convective flow patterns sufficient to cost-
effectively ventilate the radon below the dwelling. The State of New Mexico is
forming a group to evaluate the extent of radon problems in state buildings as
well as private structures.

DWELLING WITH RADON VENTILATION GRID

(21)



SUMMARY

Development of the hybrid hardware and techniques necessary for cost-effective
assessment, monitoring and remediation of waste sites is progressing rapidly.
Some preliminary demonstrations of the methods have been performed with both
piercing and boring machinery. The SNL Chemical Waste Site is proposed as the
first application for the hybrid technology. A test range has been established
at SNL for equipment demonstrations on a 1:1 scale for the SNL Site.

Follow-on operations at the SNL range and other test sites will include several
types of horizontal boring machinery as well as hybrid or non-standard hardware
cuch as:

•Simulated or adapted instrumentation packages

•Acoustic sensor arrays deployed for borehole mapping

•Coring equipment

•Directional borehole survey equipment

•Enhanced RF transmitter/detector systems

SNL and The Charles Machine Works, Inc. (Trademark—DITCH WITCH) have formed a
DOE/Industry "no-cost" three-year partnership for development of hybrid boring
technology. This partnership is expected to lead to a greatly enhanced
capability for access beneath problem sites. Strategies and techniques for
expanding the capability of existing technology, bringing diverse technologies
together, and developing new technology to meet the needs of waste-site
evaluation and remediation are being evaluated.

An additional technology from the river-crossing drilling industry is being
evaluated for directional boring applications at depths from 100' to 500'. This
technique is more expensive than the shallow techniques discussed earlier, but
certainly has the directional precision necessary for environmental applications.
Other directional techniques for deeper drilling exist, and as would be expected,
the costs increase with depth and degree of sophistication.

This work was supported by the U.S. Department of Energy at Sandia National
Laboratories under Contract DE-AC04-76DP00789.
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Abstract

Fifty years of research, development, and production in
support of national defense have left the Department of Energy
(DOE) with numerous radioactive, hazardous, and mixed waste sites
which will require remediation and restoration. At inactive
"Environmental Restoration" (ER) sites, DOE can respond to a
release or threat of release of hazardous substances, pursuant to
the Comprehensive Environmental Response, Compensation and
Liability Act (CERCLA), as amended, and the National Oil and
Hazardous Substance Pollution Contingency Plan (NCP). Until
recently, the major emphasis of cleanups under CERCLA has been on
mitigating the potential threat to human health presented by
these wastes. However, a revised NCP directs that CERCLA site
investigations will consider the risks to environmental
receptors, and that CERCLA remedies will "...be protective of
environmental organisms and ecosystems... . " Significantly, DOE
has a "dual role" at ER sites because the Department is also a
Natural Resource Trustee. This means that DOE is responsible for
ensuring the.restoration or replacement of natural resources
located on, over or under land managed by the Department. This
paper will provide an overview of a suggested approach to
addressing the ecological impact assessment requirements of both
CERCLA and the NCP at DOE's ER sites. It will also summarize the
responsibilities and requirements for DOE as primary Federal
Natural Resource Trustee, and discuss, in general terms the type
of evaluation which DOE must conduct pursuant to these
regulations.



ECOLOGICAL ASSESSMENT AT ENVIRONMENTAL RESTORATION SITES: DOE'S
DUAL ROLE AS A CERCLA LEAD AGENCY AND A NATURAL RESOURCE TRUSTEE.

John J. Bascietto, RCRA/CEKCLA Division (EH-231), Office of
Environmental Guidance, U.S. Department of Energy, Washington,
D.C. 20585 (FTS 896-7917)

Fifty years of research, development, and production in
support of national defense have left the Department of Energy
(DOE) with numerous radioactive, hazardous, and mixed waste sites
which will require remediation and restoration. Until recently,
the major emphasis of environmental restoration has been on
mitigating the potential threat to man presented by these wastes.
The concept has largely been that if the environment is kept
"clean" to a level that limits the impact to people, then this
level will also be protective of other organisms as well.

This, of course, is an overly simplistic view, with little,
if any factual basis. Suter (1990) summarized how nonhuman
organisms can be at greater toxicological risk because of unique
routes of exposure through which humans would normally not be
exposed to hazardous substances (e.g., aquatic organisms
"respire" contaminated water; "preening" by mammals and birds may
result in their ingesting contaminants which have been deposited
on feathers and pelts). In other cases, substances are simply
more toxic to fish and wildlife because of different modes of
action that humans are not subject to (e.g., eggshell thinning by
DDT metabolites). At the ecosystem level, there are no analogs
in human health effects to such phenomena as eutrophication.

DOE has a particularly compelling reason to be concerned
about the potential ecological effects of releases from its
facilities because section 107(a)(4)(C) of CERCLA, as amended by
the Superfund Amendments and Reauthorization Act (SARA), imposes
responsible party liability for damages for the injury,
destruction or loss of natural resources, including the costs of
assessing such injury, destruction or loss. Section 107(f)
indicates that such liability is to the United States and to
States and Indian tribes. SAPA section L20 extends potential
liability to federal facilities. The effect, then, is that under
certain circumstances, DOE's responsibilities may extend well
beyond simply cleaning up the existing contamination at a site.

DOE also has a statutory mandate (i.e., CERCLA) and
Executive Order (E.O. 12580) authority to use procedures



developed by the U.S. Environmental Protection Agency (EPA)1 to
perform the necessary environmental restoration work to address
releases from its facilities and to protect public health and the
environment (emphasis added). Clean up regulations implementing
the Federal government's response to hazardous substances release
direct that:

o investigations consider "the risk to environmental
receptors",

o "environmental evaluations be performed to assess
threats...",

o responses "... be protective of environmental organisms
and ecosystems..."

Natural Resource Trusteeship and DOE'S "Dual Role" During
Environmental Restoration

It can be said that DOE truly has a "dual role" during
environmental restoration actions: that of lead CERCLA response
agency and Natural Resource Trustee2. At first, this may seem to
present a so-called "conflict of interest". However, the roles
are no more in conflict than is that of a private responsible
party who cleans up a contaminated site subject to strict state
and Federal EPA oversight. In fact, Congress explicitly directed
Federal facilities to clean up their own sites, and gave the
President the authority to appoint Natural Resource Trustees to
oversee the public interest during the clean ups. In addition to
strict state and Federal EPA oversight, DOE, EPA and the Natural
Resource Trustee agencies are themselves subject to public
scrutiny via the broad "citizen suit" provisions of CERCLA
section 3lO(a), which allow "persons" to sue the government for
alleged inadequate response to hazardous substance release or
insufficient natural resource trusteeship.

1 EPA promulgated revised hazardous substance response
procedures in the National Oil and Hazardous Substances Pollution
Contingency Plan, or NCP, at 55 FR 8666, on March 8, 1990.

2Sections 2(d) and (e) of Executive Order 12580 ("Superfund
Implementation"), January 23, 1987 authorizes the Secretary of
Energy to conduct response actions under CERCLA and the NCP;
Section 5 (d) of E.O. 12580 delegates the Presidents's authority
as Federal Natural Resource Trustee pursuant to designations in
the NCP. NCP Section 300.600(b)(3) designates the Secretary of
Energy as Federal Natural Resource Trustee for natural resource
on, in or under land managed by the Department.



Figure 1 illustrates the activities potentially required of
DOE in its "dual" role. When releases of hazardous substances
result in injuries to natural resources, Natural Resource
Trustees must act on behalf of the public to ensure that the
responsible parties restore or replace the injured resources, or
that the public is properly compensated for "residual damages"
(i.e, damages resulting from injuries which will not be addressed
by the planned remedial or corrective actions).

Multiple Trustees Oversee Clean Ups

It is important to note that when DOE is the Primary Federal
Trustee on-site, the Department may not be the only cognizant
Federal trustee; but DOE could take the lead for all Federal
trustees within the boundaries of the DOE site. Even so, DOE may
not make the final decision for every action or recommendation of
the other cognizant Federal trustees. For example, the U.S.
Department of the Interior (DOI), which has trust jurisdiction
over migratory bird species found on a DOE site based on DOI's
responsibility to administer the Federal Migratory Bird Treaty
Act, could exercise independent judgement in regard to
recommendations for actions which DOI determines are necessary to
protect or restore lost or injured migratory birds. The same is
true for cognizant state and Indian tribe trustees (NCP section
300.605 authorizes state trusteeship for natural resources within
or controlled by a state and NCP section 300.610 indicates that
tribal chairmen or heads of the governing bodies of Indian tribes
shall have essentially the same trusteeship over natural
resources belonging to the tribe, as state trustees have on
behalf of state trust resources).

It should be understood, however, that while DOE may not be
able to decide what the recommendations or ultimate actions of
co-trustees outside of the DOE fence line should be, DOE does
retain legal authority over decisions to implement recommended
response actions inside the DOE fence line.

Ecological Assessment: CERCLA Response Actions Supplement Natural
Resource Trustee Activities

Figure 1 also indicates that Federal Natural Resource
Trustees, such as DOE, can also be responsible parties, and that
the full spectrum of CERCLA response actions are applicable in
this case. It is in the CERCLA response process that the issue
of performing a defensible scientific assessment of the
ecological threat posed by a release or threat of a relsase is
raised.

The ecological assessment process (EPA's official title is
'Environmental Evaluation"), is a necessary step in both the



CERCLA remedial and RCRA corrective action processes to be
performed by DOE, usually as part of the Remedial Investigation/
Feasibility Study (RI/FS) or the RCRA Facility Investigation/
Corrective Measures Study (RFI/CMS), respectively. The
ecological assessment provides an important link between the
Natural Resource Trustee process and the CERCLA response action
process. For example, several specific technical determinations
must be made during the formal NRDA process. In the Injury
Determination phase, the EPA ecological assessment procedures
will: 1) link the injury to the CERCLA discharge or release by
demonstrating the pathway of the release leading to the injured
resource; and 2) demonstrate the actual injury or harm through
evaluation of the ecological effects data and the risk
characterization.

Much of the biological, ecological and environmental fate
data which will be used by Natural Resource Trustees in the
performance of an Natural Resource Damage Assessment, could be
required to be generated by DOE as the lead response agency
performing the "baseline risk assessment" for a CERCLA RI/FS.
Natural Resource Trustees will naturally want to make use of this
information when the data are available, and when it is
appropriate to do so.

Natural Resource Damages/ Damage Assessment

CERCLA section 113(g) provides that with respect to any site
on the EPA's National Priorities List (NPL) or any Federal
facility identified under Section 120 of CERCLA at which a
remedial action is scheduled, litigation for damages under CERCLA
must be brought within three (3) years after the completion of
the remedial action (excluding operation and maintenance
activities). When Natural Resource Trustees seek compensation
natural resource injuries, they may perform a Natural Resource
Damage Assessment (NRDA) in preparation for filing a natural
resource damage claim. Any sums recovered by such a claim must
be used by the Trustees for the restoration or replacement of the
injured re . jrce, including the purchase of equivalent resources.

The formal NRDA process is performed to assess "residual
damages", i.e., those which are not addressed by the remedial or
corrective actions. It is important to distinguish between
"injuries", which are conditions of harm to the natural
resources, and "damages", which are financial compensations
sought by the trustees for the harm done to natural resources.
The U.S. DOI published NRDA regulations at 43 CFP 11, however DOI
is under a court order to revise these regulations. Headquarters
EH is planning to provide additional guidance on the formal NRDA
process when the DOI has completed revisions to 43 CFR 11.



Notification and Coordination With Other Natural Resource
Trustees

Notwithstanding DOE's overlapping role of Natural Resource
Trustee, CERCLA Section 104(b)(2) and NCP section 300.135(j)
require that as a lead response agency, DOE notify and coordinate
with other cognizant Natural Resource Trustees when DOE discovers
a release or threat of a release of a hazardous substance,
pollutant or contaminant from a DOE facility (even though DOE may
Itself be a Trustee for some of the potentially affected
resources). When DOE is also a Natural Resource Trustee, DOE
does not have to "notify itself" in a formal manner, however EH
should be notified at the same time other trustees are notified.

Some Federal Facility Agreements (FFAs) have discussed
Natural Resource Trustee designations and notification
responsibilities. It should be noted that the FFA or any other
agreement or order should not be relied upon to constitute
completion of the CERCLA-mandated notification of Natural
Resource Trustees of the potential natural resource injuries at a
particular DOE site. Unless DOE determines that all pertinent
Natural Resource Trustee agencies acknowledged notification in an
FFA, or are parties to other Agreements or Consent Orders in
which such notification is acknowledged by the trustees, DOE
should not assume that such agreements or orders constitute
complete notification of all cognizant trustees. This is
particularly important with regard to states, Indian tribes or
local officials.

Deciding Whether To Do A Natural Resource Damage Assessment:
Preassessment Screen

When faced with actual or potential natural resource
injuries resulting from a ^release or threat of a release under
CERCLA, DOE must determine whether or not to proceed with a full
and formal NRDA based en the criteria listed in 43 CFR 11,
Section 11.25. The decision criteria include:

- A release of a hazardous substance has occurred;

- Natural Resources for which a federal or state agency may
assert trusteeship under CERCLA have been adversely affected
by the release;

- The quantity and concentration of the released hazardous
substance is sufficient to potentially cause injury to these
natural resources;

- Data sufficient to pursue an assessment are readily
available or are likely to be obtained at a reasonable cost;



- Response actions, if any, carried out or planned do not or
will not sufficiently remedy the injury to natural resources
without further action.

This preliminary determination occurs during the "Pre-
assessment Screen" Phase of the NRDA process. It can result in
termination of the process or in performance of further, more
complex analyses. The determination of whether or not to proceed
with a full and formal NRDA will be made by DOE in the context of
whether or not the Department is responsible for the release and
the injury.

When DOE Causes Natural Resource Injury

When DOE is the party responsible for a release leading to
natural resource injury, DOE will respond to the release through
its environmental restoration activities. Except for the
specific legal purpose of preserving the "rebuttable
presumption"3 for the Department in a CERCLA section 107 (a)(C)
action (a natural resource damage claim), DOE may not have a good
reason, under this scenario, for completing a full and formal
NRDA based on the procedures in 43 CFR 11; DOE is not going to
file a natural resource damage claim against itself, and no other
Federal trustee can sue DOE for damages in an adversarial
proceeding ("Unitary Executive" doctrine). However, DOE can
establish a very high standard of administrative or judicial
review by performing the formal NRDA procedure and preserving the
rebuttable presumption.

It is desirable, then, that in all instances involving
potential natural resource injuries, DOE consider performing or
coordinating the "Preassessment Screen" Phase of a NRDA (Section
11.25, 43 CFR 11), or should perform, as an alternate procedure,

3 Preserving a "rebuttable presumption" is a highly
desirable outcome from a legal point of view. Even though the
burden of proof is still with the Natural Resource Trustee, with
a "rebuttable presumption" the amount of the damage claim will be
presumed by a court to be correct if it is properly established -
i.e., by following the procedures spelled out in the NRDA
regulations, currently at 43 CFR 11. Since some of these
regulations have been remanded to U.S. DOI for revision, it is
unclear at this time, whether a rebuttable presumption can
currently be preserved for a Trustee using 43 CFR 11. When
available, however, a rebuttable presumption may be successfully
"rebutted" by showing that it has been improperly established.



the ecological assessment for the CERCLA RI/FS*. When there are
no residual injuries, the formal NRDA need not be completed.
Also, it is possible that when the planned or implemented
remedial or corrective action sufficiently remedies the natural
resource injuries, a full and formal NRDA may not be necessary.

On the other hand, if the Preassessment Screen of the NRDA,
or the ecological assessment reveals that there are, or likely
will be natural resource injuries which will not be addressed by
the remedial or corrective actions, it may be in the Department's
best interest to address the identified natural resource injuries
prior to the commencement of adversarial proceedings by stare or
Indian tribe co-trustees, or through a CERCLA Section 310(a)
"citizen's suit". By doing so, DOE will be addressing the
environmental harm which can be mitigated, and will so outside of
a potentially adversarial process.

This proactive posture can allow for a greater measure of
control over the Department's activities (DOE will be able to
plan needed remedial or corrective actions instead of being
ordered by a court to take them). It may even help to control
the potential liability associated with natural resource injury.
Any natural resource injuries which can be adequately addressed
through the environmental restoration program will not weigh
nearly as much in the calculation of "residual damages" during
any NRDA, or may not be considered at all5. Thus, any natural
resource injuries addressed through the environmental restoration
program would not generally contribute to the value of any
subsequent damage claim against DOE.

The ecological assessment performed for the CERCLA remedial
action or RCRA corrective action process can provide a
scientifically defensible basis for an agreement between DOE and
cognizant trustees, potentially obviating the need for a formal
NRDA. Such an agreement could involve DOE taking appropriate
remedial or corrective actions beyond the required clean up of
existing contamination, or other actions to protect, restore or

*When DOE performs an RI/FS, the ecological assessment
performed during the baseline risk assessment of the RI/FS is not
optional. The only option is whether DOE will use the same
ecological assessment as a substitute for the "Preassessment
Screen" of the NRDA (such a substitution is allowed by the
current 43 CFR 11; this is not expected to ch,mge).

*Even though some natural resource injuries can be
mitigated, or the risks reduced or eliminated through remedial or
corrective actions, there may still be some assessable cost
associated with having removed the resource from "service" for a
period of time (i.e., the "lost use value" of the resource).



replace injured or lost natural resources6. The NRDA regulations
discuss how a preliminary assessment can lead to the conclusion
that additional remedial work, rather than a formal NRDA, can
suffice to satisfy a trustee's concerns, but the regulations do
not explicitly name the CERCLA or RCRA ecological assessment as
*the vehicle for arriving at the decision to forego a formal
NRDA. 43 CFR 11, Section 11,25 does, however, allow that

"If the Federal or State trustee already has a process
similar to the preassessment screen, and the requirements of
the preassessment screen can be satisfied by the process,
the processes may be combined to avoid duplication."

The CERCLA or RCRA ecological assessment process, already
mandated by the NCP (i.e., EPA's "Environmental Evaluation"),
could be used, when appropriate, as an alternate procedure to the
Preassessment Screen o£ the NRDA regulation. Principal benefits
of having the results of an ecological assessment available when
alternative response actions are being evaluated in the RI/FS,
include having a scientifically defensible basis for 1) choosing
protective and ARAR compliant remedies and 2) negotiating a
"covenant not to sue" for natural resource damages.

Other Parties Cause Injuries to DOE's Trust Resources

In cases when DOE is not responsible in any way for injuries
to DOE's trust resources, the formal NRDA regulations (43 CFR 11
and Appendix A to the attached guidance document) may be used to
develop DOE's claim against the responsible party. However, due
to ongoing modifications to 43 CFR 11 by U.S. DOI, DOE will
reserve final guidance on performing the full and formal NRDA
procedure pending the issuance of a revised rule by U.S. DOI.

Zoological Assessment Requirements for Remedial Actions

The specific requirements for an ecological assessment in
the CERCLA remedial process have been provided by EPA in a CERCLA

bIn the context of an agreement between DOE and any co-
trustees, actions to protect, restore or replace natural
resources typically would not involve the transfer of money to
the co-trustees (as is done for payment of a natural resource
damage claim). Rather, these are agreed upon actions which would
be taken by DOE, in the Department's role as lead response agency
and co-trustee, in order to address the concerns of the other
trustees. These actions would generally be taken as part of an
agreement with the co-trustees to release DOE from further
natural resource liability.



science policy guidance document (EPA, 1989a)7. In order to be
consistent with the NCP's approach to hazardous substance
response, DOE should perform ecological assessments at
environmental restoration sites in a like lanner.

The nature, extent, and level of detail of the ecological
assessment should be determined by the project managers, in
consultation with their technical advisors. Because the
ecological assessment performed for an RI/FS is a specialized
activity, the EPA is implementing it through "Biological
Technical Assistance Groups" (BTAGs) in EPA's Regional Hazardous
Waste Management Divisions. "BTAGs" consist of biological,
ecological and other scientific technical experts from EPA, other
agencies with environmental responsibilities, and certain Natural
Resource Trustee agencies, all of whom assist the EPA HPM to
manage the technical aspects of the ecological assessment. It is
likely that EPA Regional BTAG members will be providing technical
comments to EPA's RPMs, who in turn will be making comments on
documents submitted by DOE to Regional EPA offices for oversight
purposes (e.g., RI/FS work plans, risk assessments, etc.). It is
therefore recommended that DOE's project managers familiarize
themselves with the EPA BTAG process, and with ecological
assessment generally. EPA stresses that the role of the BTAG s
chiefly advisory, and that the EPA RPM retains control of the
process and is responsible for all of the decisions regarding the
management of the project.

Figure 2 is and an overview of the CERCLA remedial process,
During Site Characterization, investigators will perform an
evaluation of the potential ecological risks. However, the data
ecllection and laboratory and field study planning performed
during Scoping phase are critical to supporting a successful
ecological assessment.

7EPA's audience for "Risk Assessment Guidance for Superfund.
Volume II. -- Environmental Evaluation Manual, or "RAGS II". is
primarily EPA's Remedial project managers (RPMs) and their
supervisors. One of the most noteworthy points EPA makes in the
guidance, is that the topic of ecological risk assessment is
highly technical and that RPM should not hesitate to seek expert
input as soon as- possible in the scoping phase of the RI/FS.



Scoping of the RI/FS (Figure 3)

During scoping, existing ecological data should be collected
and analyzed for use in developing a conceptual site model8. The
conceptual model is a useful tool for understanding the nature
and extent of contamination. It will help investigators identify
the site-specific potential exposure pathways to humans and
environmental receptors, such as biological species or the
environmental media necessary for their survival. In addition to
the known or potential receptors, the site conceptual model
should include known and suspected sources of contamination,
types of contaminants and affected media, known and potential
routes of migration. The site conceptual model thus assists in
identifying locations where sampling is necessary.

Existing information about the vegetation and animal species
on and surrounding the site should be collected. A limited field
investigation may be undertaken in this phase in order to perform
ecological reconnaissance. The location of endangered,
threatened, or rare species, sensitive environments, or critical
habitats on or near the site should be identified during the
ecological reconnaissance. Potential "environmental ARARs"
("applicable or relevant and appropriate requirements"), such as
ambient water quality criteria and floodplain/wetlands assessment
procedures should be identified at the scoping stage.

Involvement of technical experts at no later than scoping,
will facilitate the planning, and hence the execution of the
project.

An important milestone in scoping the RI/FS is the
development of the work plan. Work plans; which incorporate the
process and identify the procedures to be used fcr the ecological
assessment at a particular site, must be developed by DOE and
approved by EPA9. Ths work plans should include a preliminary
evaluation of potential pathways of contaminant migration, and
potential environmental impacts. The focus of the RI/FS work
plan relating to the ecological assessment generally will be the
Sampling and Analysis Plan (SAP), which includes a Field Sampling
Plan and a Quality Assurance Project Plan. In directing the

8 The development of a "conceptual model" in scoping the
RI/FS is described in section 2.2.2.2 and figure 2-2 of EPA's
"Guidance on Conducting Remedial Investigations and Feasibility
Studies Under CERCLA", EPA/540/G-89/004, October, 1989.

5In all likelihood, when EPA performs oversight of DOE's
CERCLA response actions, the EPA Regional BTAGs will be reviewing
the RI/FS work, plans.



preparation of the SAP, the project manager should be satisfied
that the following questions are addressed:

- What are the specific objectives of the sampling effort?

- How will the proposed data collection meet those
objectives?

- Will the sampling plan (types, number, distribution, and
timing of samples) provide sufficient information to meet
the objectives?

- Does the sampling plan address all important exposure
pathways and environmental receptors?

- Does the sampling plan make the best use of preexisting
data and sampling locations ? (e.g., it may be that other
Natural Resource Trustees have already studied the site and
filed Natural Resource Trustee reports; or, the site may be
the subject of existing contracted or academic reports.
When possible, such reports should be utilized when it is
appropriate to do so.)

- Is the sampling of the various media associated with the
site coordinated to allow maximum integration of the data
(e.g., to measure or predict inter-media transfer of
contaminants)?

The quality assurance project plan should specify the Data
Quality Objectives, indicating the levels of precision and
accuracy that must accompany the data collection and analysis,
and indicating how the precision will be maintained. When the
EPA performs oversight of the RI/FS Work Plan, EPA will be
evaluating the relevance of the sampled media and the receptor
organisms, as well as the procedures for establishment and
maintenance of the quality of the data. Thus, the acceptability
of the RI/FS Work Plan to EPA, will very much depend on having a
properly developed and effectively executed Sampling and Analysis
Plan.

When preparing the sampling and analysis plan, consultation
with technical experts can provide proper pathway and receptor
organism analysis, and early insight into the most appropriate
sampling regime, given the overall site conditions (i.e, based on
the "conceptual model"- which the technical experts can also
assist in developing). Data collection for the ecological
assessment should includes (as appropriate, given the overall
site conditions):

- field surveys

- toxicity testirug,



- bioaccumulation studies and

- determining the extent of contamination (including
planning for environmental media and environmental receptors
sampling).

Laboratory and field procedures for implementing ecological
studies at hazardous waste sites are discussed in EPA, 1989(b).

Site Characterization (Figure 4)

In general, the site characterization phase of the RI/FS
includes:

- identifying and characterizing levels of contamination in
biota and relevant environmental media

- identifying and characterizing environmental receptors
(exposure assessment)

- a toxicity assessment component which considers the types
of adverse ecological effects associated with the exposures
at the site

- a risk characterization component which ties the
identified exposures to the potential effects associated
with such exposures. Typically, the ecological risk
characterization will focus on potentially disruptive
effects on biological populations, communities and
ecosystems.

The actual data collection and ecological laboratory and
field studies are carried out during the site characterization
stage of the RI/FS. Just as with human health risk assessments,
different levels of effort in collecting ecological data Kay be
required at different types of environmental restoration sites.
EPA's guidance provides project managers with information on how
their particular data collection effort should be managed. As a
general principle, EPA advises its own On-Scene Coordinators and
Remedial Project Managers to collect only the data that is
necessary to determine the potential ecological risks and to
develop appropriate response actions, and not to allow the data
collection efforts to evolve into independent research projects.
EPA included certain project management principles in its
guidance to project managers - questions to put to investigators
and contractors to control the "research project" aspect, and
factors to be applied in deciding what, if any, additional
ecological data is needed (beyond that planned for in the



upling and analysis plan) to develop protective and ARAR-
coapliant remedies.

Risk Characterization (Figures 5 and 6)

In the feasibility study, the remedial alternatives should
be evaluated for their overall protectiveness, including
protection of environmental organisms an ecosystems, and for
compliance with any identified ARARs. In essence, just as is
done for the evaluation of human health risks, the ecological
assessment performed for the "baseline risk assessment" of the
RI/FS should be performed for each of the remedial alternatives
retained for the "Detailed Analysis". The goal is that the
ecological risks of each retained alternative should be
characterized as completely as possible prior to remedy
selection.

Because there currently is very little quantitative guidance
available on what qualifies a remedy as "protective of
environmental organisms and ecosystems"10, it will be essential
to consult with the appropriate state and federal EPA regulators
on what they consider "protective" of the ecological receptors
(i.e., the organisms, habitats and ecosystems) at a particular
site. Until EPA publishes additional guidance on this subject,
DOE project managers should consider any state requirements for
protection of ecological receptors in the development of remedial
action objectives.

For aquatic systems. Federal ambient water quality criteria
(AWQC) should be used when they are ARAR - i.e., generally when a
State has not developed its own criteria, the Federal
contaminant-specific AWQC should be used. Some states have
developed water quality criteria for the protection of aquatic
life which are more stringent than the Federal AWQC; more
stringent state AWQC must be complied with when they are ARAR.
Some states have developed or are developing aquatic organism
protection criteria which are not contaminant-specific, but
rather are specific to the particular organisms found in certain
locales or regions of a state. These are sometimes known as
"Instream Biocriteria" which may be described by an "Index of
Biotic Integrity", or IBI. The Federal EPA has been supportive
of the development of IBI-type criteria by the states, so it is
expected that EPA Regions may refer DOE project managers to state
departments of environmental protection for ARAR determinations
on Instream Biocriteria. Because these criteria can be different
for different species, or may even be different for the same
species in different locations, no "standard numbers" can be

10The preamble to the NCP Indicates that the ecological risk
assessment will necessarily be more qualitative in nature than
the human health risk assessment.



provided; close coordination with the state officials responsible
for the development of aquatic remedial action objectives is
therefore advised.

It is essential that quantitative guidance be sought from
Regional EPA and state regulators on ecological risk assessment
Methodologies and protective, ARAR-compliant remedial action
objectives involving contaminated sediaents. There are several
sediment quality assessment methodologies available; EPA has
employed different methods of sediment quality assessment at
different CERCLA sites in the past. Since sediment remediation
can be a very resource-intensive undertaking, it is strongly
suggested that site-specific guidance on appropriate ecological
risk assessment methods and the protective, ARAR-compliant levels
for sediment contaminants, be sought from both the federal EPA
and the states prior to the determining the remedial action
objectives for contaminated sediments. EH will provide
additional guidance on assessment methodologies and ARARs, to the
extent that such methods and ARARs are published or are otherwise
available from EPA and the states.

Quantitative guidance for the protection of terrestrial
organisms11 and ecosystems is likewise best obtained by
consulting state and regional EPA regulators and cognizant
Natural Resource Trustees. With regard to pesticide contaminants
regulated by the Federal EPA, so-called "Pesticide Registration
Standards" (substance-specific documents) published by EPA
contain quantitative ecological risk assessments, and protective
exposure levels of specific pesticides for terrestrial wildlife
and aquatic species. These Registration Standards stay be ARAR
for certain CERCLA actions, but may not be available for every
pesticide contaminant typically associated with improper disposal
methods at uncontrolled hazardous waste sites.

One method of ecological risk assessment known as the
"Quotient Method" (used extensively in the development of the EPA
"pesticide standards") develops a quantitative measure, i.e., the
ratio of "exposure to hazard", which is essentially equivalent to
the "Hazard Index" (HI) developed for a non-carcinogenic human

uThe term "terrestrial organisms", may be assumed to
include: 1) organisms inhabiting the surface of the land, except
those living in surface waters; 2) roptiles and amphibians whose
predominant life stage is land-dwelling; 3) subterranean
organisms which are not inhabitants of underground aquatic
systems - such as "cave fish" or "blind" salamanders which may
inhabit underground pools fed by ground water; and 4) birds
(including waterfowl, "shore birds", and oceanic species), and
arboreal mammals. Insects are too numerous, and their life
stages and habitats too variable to be assigned "aquatic" or
"terrestrial" status in this short footnote.



health risk assessment. In a CERCLA human health risk
assessment, if the calculated exposure level of a substance is
equal to or exceeds the "effects level" of that substance (HI^l),
a risk which is to be reduced or avoided is signaled. However,
•any experts argue that this is too stringent a standard for
ecological risk since, except in the case of an endangered or
threatened species, there may some level of risk which can be
tolerated by sufficiently resilient ecosystems or ecosystem
components, such as organism populations and communities. This
view of ecological "resiliency" assumes that an appropriate
Endpoint has been selected, and that relevant effects can be
accurately measured.

Generally speaking, quantitative ecological risk assessments
have been modeled for a complex array of factors involving the
types and number of organisms, the pertinent contaminants or
ecosystem stressors, and the specific exposure conditions at
sites under investigation. Although several
laboratories, investigators, and even EPA itself have proposed
and used various methodologies, EPA has not yet proposed or
issued formal quantitative risk assessment guidelines which are
the ecological counterparts to EPA's human health risk assessment
guidelines (i.e, for carcinogenicity, mutagenicity,
teratagenicity, etc.). EPA is currently developing such tools,
however.

Other methods of ecological risk assessment which involve
"Measurement" and "Assessment" endpoints, and involve more than
one biological organism, are discussed by Suter (1989) and by the
EPA science policy guidance for CERCLA ecological risk
assessments (EPA, 1989a). However, no quantitative guidance is
offered on what is "protective", which again necessitates that
project managers consult with the appropriate regulators and
Natural Resource Trustees prior to establishing the ecological
remedial action objectives.

EPA is currently working on developing guidelines for a
•ore quantitative approach to ecological risk assessment.
Headquarter's EH is participating in that effort and is planning
on providing additional guidance when it becomes available.
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Figure 2 : Overview of the Remedial Action Process
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Figure 3 : Scoping the RI/FS
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Figure 4 : Site Characterization
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Figure 5 : Initial Screening
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Figure & : Detailed Analysis of Alternatives
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ABSTRACT

The most important attribute of a chemical contaminant at a hazardous-waste site for decision
makers to consider with regard to its cleanup is the potential risk associated with human exposure. For this
reason we have developed a strategy for establishing a risk-based cleanup criterion for chemicals in soil.
We describe this strategy by presenting a cleanup criterion for tetrachloroethylene (PCE) in soil
associated with a representative California landscape. We begin by discussing the environmental fate and
transport model, developed at the Lawrence Livermore National Laboratory (LLNL), that we used to
predict the equilibrium concentration of PCE in five environmental media from a steady-state source in
soil. Next, we explain the concept and application of pathway-exposure factors (PEFs), the hazard index,
and cancer-potency factors (CPFs) for translating the predicted concentrations of PCE into estimated
potential hazard or risk for hypothetical^ exposed individuals. Finally, the relationship between
concentration and an allowable level of risk is defined and the societal and financial implications are
discussed.

INTRODUCTION

Currently, there are no Federal or State of California regulatory limits for concentrations of
chemical contaminants in soil analogous to the maximum contaminant levels, MCLs, designed to protect
against adverse health effects from the ingestion of drinking water. Therefore, government agencies and
responsible parties accountable for the mitigation of hazardous-waste sites in California cannot compare
the concentration of a chemical detected in soil at a praticular site to a regulatory limit for that chemical in
soil to rapidly ascertain whether the measured soil concentration might pose an unacceptable level of risk
to human health. To overcome this predicament confronting risk managers, we have developed a
strategy consisting of a six-step procedure for establishing a risk-based cleanup criterion for chemicals
introduced into soil. Because this strategy accounts for the multimedia and multiple-pathway exposure
characteristics of many soil contaminants, the resulting cleanup criterion for a soil contaminant is
consistent with a complete assessment of potential risk to exposed populations.

We illustrate the six-step procedure for developing risk-based cleanup criterion for chemicals in
soil with the example of tetrachloroethylene (perchloroethylene, PCE) in the soil of a 100-km2 landscape
representing a typical region of California. This organic chemical is a common contaminant of soil and
groundwater in many urban areas of California because of its widespread use as an industrial solvent.
Additionally, the U.S. Environmental Protection Agency (U.S. EPA, 1985) classified PCE as a Possible
Human Carcinogen (Group C), and the State of California includes PCE in a list of "Chemicals Known to
the State to Cause Cancer or Reproductive Toxicity" (California Department of Health Services [CDHS],
1990).

Work performed under the auspices of the U.S. Department of Energy by the Lawrence Livermore
National Laboratory under Contract W-7405-Eng-48 with funding provided by the State of California
Department of Health Services, Toxic Substances Control Program, Memorandum of Understanding
N8.87-TO1O2.



MULTIMEDIA PARTITIONING OF PCE INTRODUCED INTO SOIL

Once introduced into soil, chemicals such as PCE will distribute into other environmental media
including air, surface water, and groundwater. To estimate the concentrations of PCE in air, water, and soil
resulting from the steady-state input of PCE to the soil layer of a 100-km2 landscape representing a typical
region in California, we use the multimedia transport and transformation model QEOTOX (McKone, 1981;
McKone et a)., 1983; McKone and Kastenberg, 1986; McKone and Layton, 1986; McKone et al., 1987,
and Layton et al., 1986), which is a computer program developed at the Lawrence Livermore National
Laboratory (LLNL). Table 1 summarizes the processes by which contaminants are exchanged and tost
among compartments of the GEOTOX model.

The specific landscape parameters (e.g., meteorology, hydrogeofogy, and soil properties) used in
GEOTOX are based on the national land-classification system for describing ecoregions of the United
States developed for the U.S. Department of the interior and the U.S. Department of Agriculture
(Bailey, 1980). We estimated or obtained from the literature the physicochemicaf properties of PCE (e.g.,
solid/liquid and air/liquid partition coefficients and the diffusion coefficients of PCE in air and water) that
also are essential input to the GEOTOX model. Table 2 shows the equilibrium concentrations of PCE in
different environmental media predicted by GEOTOX for a 100-km2 California landscape assuming a soil-
based steady-state source of contamination. The predicted concentrations appearing in Table 2 are
scaled to a soil concentration of PCE of 1 ppm (mg/kg).

DEVELOPMENT OF PATHWAY-EXPOSURE FACTORS

Pathway-exposure factors (PEFs) incorporate information on human physiology, human-behavior
patterns, and environmental transport to link environmental concentrations of a chemical to potential
exposure pathways and lifetime accumulations. Accordingly, we use PEFs developed by McKone and
Daniels (1990) to translate environmental concentrations of PCE into quantitative estimates of the amount
of PCE that passes into the lungs and gastrointestinal tract, and across the surface of the skin and we
express such intakes in units of mg/kg-d. For example, Equation 1 is the PEF for ingestion of drinking
water

ww BW

where
hf/ « the lifetime-equivalent fluid iniake (2 L/d); and
BW - the lifetime-equivalent body weight (58 kg).

Table 3 contains the numerical values and units of the PEFs for the nine exposure pathways and five
environmental media applicable to PCE.

EXPOSURE MATRIX

We construct a matrix containing medium- and pathway-specific human exposures by multiplying
the PEFs in Table 3 by the corresponding medium-specific concentrations of PCE shown in Table 2.
Then, we total multimedia exposure for a particular pathway by summing the exposure values for that
pathway across all media. Table 4 shows the matrix of medium- and pathway-specific exposures to PCE,
the totals for multimedia pathway-specific exposures (e.g., inhalation [Eh], ingestion [Eg], and derma!
contact [Ed]), and the total multimedia muitipte-paihway exposure (i.e.. Eh + Eg + Ed), which is a chronic
daly intake (CDI).



Table 1. Summary of the processes by which contaminants are exchanged and lost among the seven
compartments of the GEOTOX model.

Compartment

Air (gas phase of the

troposphere)

Air Particles (atmospheric dust)

Upper-Soil Layer (surface-soil

layer)

Lower-Soil Layer (vadose zone)

Ground-Water Zone

Surface Water

Sediment Layer

Gains

Diffusion from soil and

surface water.

Resuspension of deposited soil

particles.

Diffusion from air;

washout by rainfall;

deposition of air particles; and

irrigation from groundwater.

Infiltration from upper-soil

layer.

Infiltration from lower-soil.

Diffusion from air;

washout by rainfall;

deposition of atmospheric

particles; soil-solution runoff;

erosion (mineral runoff);

diffusion from sediment; and

sediment resuspension.

Diffusion from surface water; and

sediment deposition (from surface

water).

Losses

Diffusion to soil;

diffusion to surface water;

washout by rainfall; and

convection losses

Deposition from atmosphere to

soil;

deposition from air to surface

water; and

convective losses.

Diffusion to air;

infiltration (leaching);

resuspension of deposited soil

particles;

soil-solution runoff; and

erosion.

Infiltration to groundwater zone.

Discharge to surface-water

irrigation.

Sediment deposition;

diffusion to sediment; and

surface-water outflow.

Diffusion to surface water; and

sediment resuspension.



Table 2. Concentrations of PCE in the applicable environmental media of a 100-km2 landscape assuming
a soil-based steady-state source of contamination. Concentrations are predicted using the GEOTOX
model, and are scaled to a soil concentration of PCE of 1.0 rng/kg.

Media (abbreviation;concentration units) PCE concentration
Soil (Cs; mg/kg)
Air gases (Ca; mg/m3)

Air particles (Cp; m
Potable water (Cw; mg/L)
Surface water (Cr; mg/L)

1.0
i.4

-0.0 a

0.21
027

a There is some partitioning of PCE to particulates in air; however, the majority of PCE in the air
compartment is in the gaseous phase and the very small amount present on particles is insignificant.

Table 3. Matrix of pathway-exposure factors (PEFs) for PCE in specific environmental media.

Pathway

Inhalation

Ingestion

Water

Fruits and
vegetables

Grains

Meat

Milk

Fish

Soil

Derma! contact

Air
(gas phase;
m3/kg-d),

Ca

Fah
(0.39)

Fav
(1.6 X 1 0 ' 4 )

Fag
(2.5 x10'4)

Fat
(5.7x10-6)

Fak
(4.0x10-6)

——

—-

—

PEFs associated with environmental medium
concentration, Cj, where i is the type of mediuma

Air
(particles;
m3/kg-d),

CD

Fph
(031)

Fpv
(14.0)

Fpg
(22.0)

FP* ,(2.8x10-2)

F p k ,(2.9x10-2)

—

—

Fsd
(2.6x10-6)

Soil
(kg/kg-d),

Cs

Fsh
(9.2x10-9)

FSv
(1.1 x10"3)

F S 9 4(8.0 x10"4)

Fst
(5.4 x10"7)

Fsk
(5.2 x 10'7)

—

FSS
(1.5x10-6)

Fwd
(3.8x10-2)

Drinking
water^

(L/kg-d).
Cw

Fwh
(0.11)

Fww
(3.4x10-2)

—

Fwt
(1.9x10-6)

Fwk
(1.2x10-6)

—

—

—

Surface
water

(LAg-d),
Cr

—

—

—

—

Frf
(2.1 x 10*2)

—

—

a Subscripts refer to the source media (a * air gases, p • air particles, s * soil, w = drinking water, and
r * surface water) and pathways (h * inhalation, w * water ingestion, v - vegetables, g = grain,
t - meat, k - milk, f - fish, s - soil ingestion, and d - dermal contact).

b Drinking-water concentrations are obtained by arithmetically averaging the concentrations in surface
and groundwater so as to reflect the mix in a local-water supply. For calculation of a cleanup criterion,
we assume half of tr>a drinking water comes from groundwater and the other half from surface water.



Table 4. Summary of estimated exposures* to PCE (mg/kg-d). Values were calculated using the environmental concentrations of PCE predicted
by GEOTOX for a 100 km2 area in a typical California region (Table 2) and the PEFs listed in Table 3.

Exposure

Pathway Air (gases)b Air (particles)c Soild Potable watei* Surface water' Totals

inhalation
Ingestion

Water
Vegetables
Grains
Milk
Meat
Fish
Soil

Ingestion total
Dermal uptake

55 x lO"1

2.2 x 10-4

35 x 10-*
5.6 x 10"6

8.0 x 10"6

5.9 x lfr*

0.00

0.00
0.00
0.00
0.00

0.00

9.0 xlO"9

1.1x10-3
8.0 x 10-4

5.2 x lO-7

5.4 x

1.5 xlO"6

1.9x10-3
2.6 x 10"6

2.3 x

7.1 x 10-3

25 x lO-7

4.0 x lO-7

7.1 x 10-3

8.0 x 10-3

5.7 x 10-1 (Eh)8

5.7 xlO"3

5.7 x
8.0

5.9 x 101(CDI)k

a Exposure = PEF (from Table 3) x Concentration (from Table 2).
b Concentration of PCE in the gaseous phase of air, Q = 1.4 mg/m3 .
c Concentration of PCE in the particulate phase of air, Cp = 0.00 mg/m3 .
d Concentration of PCE in soil, C s = 1.0 mg/kg.
e Concentration of PCE in potable water, C w = 0.21 mg/L, which is the average of the concentrations of PCE in both surface and groundwater.
f Concentration of PCE in surface water, Cr = 0.27 mg/L.
8 Eh = Total multimedia exposure to PCE from the inhalation exposure pathway.
h Total ingestion exposure due to PCE in potable and surface water = 13 x 10"2 mg/kg-d.
1 Eg = Total multimedia exposure to PCE from the ingestion exposure pathway.
i Ed = Total multimedia exposure to PCE from dermal contact.
kCDI = Chronic daily intake associated with multimedia, mulitple-pathway exposure (i.e., Eh + Eg + Ed).



CARCINOGENIC POTENCY AND NONCARCINOGENIC THRESHOLD

The term carcinogenic "potency" is used here to refer to the quantitative expression ot increased
tumorigenic response per unit dose rate at very low doses. The noncarcinogenic threshold applies to the
Cz'.'y exposure over the course of a lifetime that is likely to be without appreciable risk of noncarcinogenic
deleterious effects; this safe level is referred to as the reference dose (RfD).

Carcinogenic Potency

We used the range of PCE cancer-potency estimates calculated by Bogen et al. (1987) from
rodent tumor-incidence data published by the NCI (1977) and NTP (1986). These potency estimates
were calculated as a function of metabolized dose of PCE because there is evidence that it is a product of
PCE's metabolism that is responsible for PCE's carcinogenicity (U.S. EPA, 1985; Bogen et al., 1987). We
relied on these values instead of those derived by the U.S. EPA (1985 and 1986), because the potencies
derived by Bogen et al. (1987) were adjusted to include data on animal body weight, metabolite
elimination, and other factors not addressed in the calculations by the U.S. EPA (1985 and 1986). Bogen
et al. (1987) used the term q}(M) to specify the 95% upper-confidence limit (UCL) estimate of potency.
This term relates low levels of metabolized dose, M, to predicted upper-bound increased tumor risk, FT, by
the linear approximation R* - q} (M) x (M).

To estimate the carcinogenic potency of PCE in terms of human-applied dose, A, which is
necessary for calculation of an acceptable-exposure limit (because exposure is expressed in terms of
applied and not metabolized dose), the term q}(M) is multiplied by f, the fraction of the applied dose that is
metabolized (i.e., q}(A) - q { (M) x f). We calculated the arithmetic means of the fraction metabolized of
an orally-acquired dose of PCE, f*mo, ° r a respired cr dermally-acquired dose of PCE, frnr, using the
respective ranges of values for these parameters developed by Bogen and McKone (1988) from the data
of Ikeda et al. (1972) and Ohtsuki et al. (1983). Table 5 presents the highest^and lowest estimates ot the
pathway-specific values of q^(A) based on the lowest and highest values of q}(M) calculated by Bogen et
al. (1987) and based on the mean values of f*mo (26%) and f'mr (20%).

Table 5. Range of carcinogenic-potency estimates for PCE for ingestion, respiration, or dermal exposure.

Applied potency, qi(A)a

<mg A/kg-d)'1

Metabolized potency, Inhalation

q.(M) or

(mg M/kg-d)*1 Ingestionc dermal uptake**

0.095 0.025 0.019

0.42 0.11 0.084

• 95%-UCL potency of human applied dose, A, based on surface-area, interspecies dose-extrapolation

method. Note that qj(A) = qj(M) x f, where f = f*rno or Pmx.

** Range of 95%-UCL potency of human metabolized dose, M, based on surface-area, interspecies dose-
extrapolation method. Values from Bogen et al. (1987).

c Calculated using the arithmetic mean of f*mo = 0.26.
d Calculated using the arithmetic mean of f*mr = 0.20. It is assumed that the fraction of applied dose

that is metabolized is the same for inhalation and dermal contact (see Bogen, 1988).



Noncarcinogenic Hazard Index

According to the U.S. EPA (1989) the ratio of the total calculated multimedia exposure,
expressed as a CDI, to the RfD is the hazard index. If this ratio exceeds one, then there is a potential for
the exposure to yield a noncarcinogenic adverse health effect. Because only an oral RfD for PCE of
1 x 10~2 mg/kg-d is available (U.S. EPA, 1990a), we use this value in our calculations.

DERIVATION OF RISK-BASED SOIL CONCENTRATIONS FOR PCE

To derive a range of risk-based concentrations of PCE in soil as possible cleanup criterion, we first
calculate the total carcinogenic risk and noncarcinogenic hazard index associated with 1 ppm of PCE in
soil. We then use these values in the derivation of alternatives as cleanup criterion for PCE in soil. The
alternatives we derive correspond to each of three levels of excess individual-lifetime cancer risk-1 per
10,000 (i.e., 10"4). 1 per 100,000 (i.e., 10-5), and 1 per 1,000.000 (i.e., 10"6), and to a hazard index that
does not exceed one. The three levels of excess individual-lifetime cancer risk were selected because
they are cited by regulatory agencies (see U.S. EPA, 1990b and CDHS, 1969) as being acceptable levels
of risk associated with exposure to a carcinogen present in environmental media.

Calculated Total Risk for 1 PPM of PCE in Soli

For a 100-km2 landscape in a typical California region, the calculated total risk associated with
1 ppm of PCE in soil [ R J C C PPm)l is determined using Equation 2:

where
RTC(1ppm) = (Eh • CPFn) + (Eg • CPFg) + (Ed • CPFd),

RTC(1ppm) « the calculated total risk associated with 1 ppm of PCE in soil;

(2)

CPFn

CPFg

CPFd

inhalation intake related to multimedia exposure resulting from a soil-based
PCE concentration of 1 ppm (mg/kg-d);

ingestion intake related to multimedia exposure resulting from a soil-based PCE
concentration of 1 ppm (mg/kg-d);

dermal contact related to multimedia exposure resulting from a soil-based PCE
concentration of 1 ppm (mg/kg-d);

maximum or minimum cancer-potency factor for the inhalation
pathway (1/[mg/kg-d]);

maximum or minimum cancer-potency factor for the ingestion
pathway (1 /[mg/kg-d]); and

maximum or minimum cancer-potency factor for the dermal-contact

pathway (1/[mg/kg-d]).

Cleanup Alternatives

We calculate a cleanup concentration of PCE in soil, C$(cleanup)j, corresponding to a specified
level of total acceptable carcinogenic risk, R J A (e.g., 10"6), and to a noncarcinogenic hazard index of one



by scaling the steady-state concentration of PCE in soil, Cs(1 ppm), by the ratio of RjA(cleanup) to
" "i ppm) as shown in Eq. 3 (where i - c), or by the ratio of 1 to CDl/RfD as shown in Eq. 4 (where i • h).

Cs(cleanup)c - Cs(1ppm) x [RTA(c leanuP) /RTC(1PPm)]-and (3)

. (4)

.RfDJ

Table 6 shows alternative cleanup concentrations for PCE corresponding to low and high cancer-potency
estimates and acceptable levels of carcinogenic risk that range from 10"* to 10'6, and corresponding to a
hazard index of one.

CONCLUSION

The PCE concentrations presented in Table 6 constitute a range of risk-based cleanup levels for
consideration by risk managers for a 100-km2 California landscape. However, the methodology described
here can be used to develop other more or less conservative values for consideration. Nevertheless, it is
apparent that the concentrations of PCE in Table 6 that correspond to carcinogenic risk ranging from 10"4
to 10*6 are all lower than the concentration of PCE associated with a noncarcinogenic hazard index equal
to one. Consequently, the concentration of PCE corresponding to a hazard index of one may be rejected
from consideration because it is associated with a carcinogenic risk above the range of acceptability (i.e.,
10"4 to 10'6), although it is likely to be without appreciable risk of noncarcinogenic deleterious effects.
Notwithstanding, selection of a landscape-specific cleanup criterion for any chemical in soil should also
include consideration of criteria such as likelihood of public exposure, size and overall susceptibility of the
population at risk, and the principal exposure pathway, as well as uncertainties in the input parameters and
final results.

Finally, adopting a scientifically credible landscape-specific risk-based cleanup criterion for a
chemical in soil will benefit society by serving as a mechanism to protect public health while justifying
decisicns about cleaning up or not cleaning up contaminated sites. Such decisions are important to our
society because they will reduce the enormous overall cost that is now contemplated for cleaning up
every contaminated site completely and that threatens to cripple the nation's economic competitiveness.

Table 6. Risk-based concentrations of PCE in soil for consideration as a cleanup criterion tor a 100-km2

landscape representing a typical California region.

Acceptable level of riska

or noncarcinogenic hazard

10-4

10-5

10 ' 6

Hazard index (CDl/RfD) - 1

Soil Concentration

Low Potency0

9 >

9 >

9 >

< 1 0 ' 3

< 1 0 - 4

< 1 0 " 5

(Cs[cleanup]

2 x 1 0 '

;mg/kg)

Hiqh Potency**

2 x 1 0 * 3

2 x 1 0 " 4

2 x 1 0 * 5

2
a Risk is the incremental probability of an individual developing cancer over a 70-y lifetime as a

consequence of rnuJt'nathway exposure (i.e., from ingestion, inhalation, and dermal contact) to soil-based
concentrations of PCE :n multiple enviromental media (i.e., soil, air, and water).

b The terms "low* ar-d "high" refer to the range of cancer-potency estimates for PCE listed in Table 5.
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I. Introduction

In carrying out its national security missions, the U.S. Department of Energy (DOE) must generate
and manage large volumes of hazardous and mixed radioactive wastes as part of its routine operations.
Recognizing the potential environmental threat posed by these wastes, DOE and the U.S. Environmental
Protection Agency (EPA) reached an agreement in February of 1984 which stipulated that DOE facilities
that manage hazardous waste or hazardous components of radioactive mixed wastes must comply with
aJI EPA regulations governing the generation and management of these wastes. The requirement that
DOE facilities comply with the Resource Conservation and Recovery Act (RCRA) was formalized on April
13,1984, when the U.S. District Court J Tennessee ruled in LEAF v Hodei that 'RCRA requirements are
not inconsistent with the Atomic Energy Act (AEA).' This ruling was reinforced in May of 1987, when DOE
issued an interpretive rule clarifying that RCRA applied to the hazardous component of byproduct material,
while the radioactive component was regulated under the AEA.

DOE facilities are faced with numerous challenges in complying with the RCRA Subtitle C
regulations. Vnese regulations set 'cradle-to-grave' standards for the generation, transport, treatment,
storage, and disposal of hazardous wastes. Included among the many facility design and operating
standards that must be specified in RCRA permits are strict closure and post-closure care requirements
for hazardous or radioactive mixed waste management units. In addition to the general closure
requirements, RCRA contains numerous other technical requirements applicable at closure such as
corrective action standards and land disposal restrictions. RCRA technical requirements are complicated
by the difficulties associated with handling radioactive material. For example, post-closure requirements
for certain hazardous waste land disposal units stipulate that ieachate be collected and removed. In
contrast, the need to rrvnimize human exposure to radioactive leachate would tend to argue against using
leachate collection and removal systems. DOE personnel are forced to reconcile the conflicting technical
considerations for hazardous and radioactive wastes.

DOE facilities with radioactive mixed waste also face a confusing array of State and Federal
regulations. RCRA allows States to apply to EPA for authorization to administer and enforce a hazardous
waste program in lieu of the Federal program. Approved State programs are not static; EPA may initiate
the revision of a State's program, withdraw its approval, or transfer a State's responsibilities back to the
Federal government when necessary. On July 3, 1986, EPA promulgated a rule that required RCRA-
authorized States to revise their programs to demonstrate the capability to regulate the hazardous
components of radioactive mixed wastes. Most States have yet to be authorized for mixed waste. The
incomplete authorization of State programs has created some regulatory loopholes for mixed wastes.
Facilities in States without base RCRA authorization are subject to Federal RCRA requirements for
radioactive mixed waste requirements. Such facilities are also subject to State requirements, if any exist.
However, in States with base RCRA authorization and without radioactive mixed waste authorization,
mixed waste is not defined as hazardous waste, and thus the hazardous component is not regulated
under RCRA. Note that the hazardous component could be subject to State regulations. In States that
are authorized for both base RCRA and' mixed waste, facilities are subject only to State regulations.

The regulatory complications for DOE radioactive mixed waste units also extend beybnd the
Federal/State interaction to various Federal programs. RCRA and the Comprehensive Emergency
Response, Compensation, and Liability Act (CCRCLA) have several overlapping provisions, particularly
in the area of remedial action and cleanup. Many DOE units subject to RCRA are also on CERCLA's
National Priorities List (NPL). Therefore, when closing DOE units, it is necessary to integrate RCRA and
CERCLA procedures and standards.



This paper addresses the key regulatory requirements applicable at closure of DOE hazardous
and mixed waste units at DOE facilities, because of the site-specific nature of many of these provisions,
this paper does not attempt to prescribe a set of technical requirements but rather identifies the
procedures and technical Issues that must be considered.

II. Overview of Requirements Applleabls at Closure

DOE facilities that have treated, stored, or disposed on-site of hazardous wastes since November
19,1980, are subject to RCRA closure and post-closure care standards. In addition, a number of other
RCRA requirements may apply during the closure and post-closure care periods, including most notably,
corrective action and land disposal restrictions. An overview of these requirements follows.

Closure and Post-Closure Care Standards

EPA has promulgated closure and post closure care requirements for hazardous waste treatment,
storage, and disposal facilities (TSDFs), which are found in Subpart G of Parts 264 and 265 and in specific
sections of Subparts I through O and X as applicable to process-specific requirements. The regulations
apply only to those units at a facility that treated, stored, or disposed of wastes after November 19,1980.
All facilities that treat, store, or dispose of hazardous wastes on-site for longer than 90 days must comply
with a!) applicable closure requirements. In addition, owners or operators of hazardous waste disposal
units must conduct monitoring and maintenance activities for 30 years after closure to ensure that
pollutants are not released to the environment. The Regional Administrator has the authority to extend
or reduce the period for post-closure care on a case-by-case basis. Generators accumulating waste on-
site for 90 days or less are subject to EPA's general closure performance standard and facility
decontamination requirements, specifying that all contaminated equipment, structures, and soils must be
property disposed of or decontaminated. These requirements are described in more detail below in
Section III.

Corrective Action

EPA's closure and post-closure care standards do not specify cleanup standards that must be
met as a condition of completing closure. However, an owner or operator does continue to be subject
to ground-water monitoring and corrective action requirements that apply during the operating life of the
facility.

40 CFR Part 264 Subpart F contains EPA's corrective action program for permitted facilities.
Under this program, an owner or operator must monitor the facility for ground-water contamination and
conduct corrective action if necessary to remediate any release that may occur. Remediation may involve
removing the hazardous waste constituents or treating them in place so that they do not exceed allowable
concentration limits. These requirements are in force during the facility's operating life as well during the
closure and post-closure care periods.

Presently there are no corrective action requirements for interim status facilities in the regulations;
however, RCRA §3008(h) states that the Regional Administrator can authorize a corrective action order
against an interim status facility if he deems that such action is necessary to protect human health or the
environment. The §3008(h) interim status corrective action enforcement authority can be used to order
cleanups of releases from all solid waste management units (SWMUs) to all media including off-site
releases. Again, these requirements will apply during the closure and post-closure care periods, if
applicable.



When RCRA was reauthorized in 1984, EPA's authority was greatly expanded by RCRA Sections
3004(u) and 3004(v), which required owners or operators to address releases of hazardous waste from
ail solid waste management units (SWMUs) at facilities subject to the RCRA permitting requirements.
Section 3004(u) requires the owner or operator of a facility seeking a permit to institute corrective action
for releases from SWMUs to all environmental media, through a permit schedule of compliance (SOC) if
necessary. Section 3004(v) extends this far-reaching corrective action provision to include requirements
for addressing releases that have migrated beyond the facility boundary.

EPA recently proposed regulations under 40 CFR Part 264, Subpart S providing detailed
procedures and standards for conducting corrective action for releases from SWMUs at permitted RCRA
facilities. These regulations provide new regulatory definitions, define contaminant levels triggering
cleanup, define cleanup standards, and set standards for source control and the management of wastes
generated during the cleanup. Pending final promulgation of these regulations, EPA will continue to
implement the corrective action program through 40 CFR §264.101 and accompanying guidance.

Land Disposal Restrictions

The land disposal restrictions (LDRs) program restricts the land disposal of RCRA hazardous
wastes beyond certain statutory dates established by Congress in HSWA. Restricted hazardous wastes
include all solvent- and dioxin-containing wastes, 'California list* wastes (i.e., certain metals, corrosives,
cyanides and halogenated organic compounds as defined in HSWA), as well as "First Third," "Second
Third,' and Third Third" scheduled wastes. EPA has not made a distinction in setting treatment standards
between RCRA hazardous waste and mixed waste. Thus, the treatment standards promulgated for a
particular waste code, such as F011, apply to mixed F011 waste as well. Currently, the treatment
standards promulgated for solvent- and dioxin-containing waste and California list waste apply to mixed
waste that falls into these categories.

The case for all other wastes, however, is different. In the August 17,1988, "First Third" final rule,
EPA postponed treatment standards for mixed waste and leachate (and thus mixed leachate waste)
derived from RCRA hazardous waste until the Third Third" rule, which was promulgated on May 8,1990.
In the Third Third' rule, EPA granted a 90-day lack of national treatment capacity extension (until August
8,1990) of the effective date for all provisions in the Third Third" rule. Certain wastes restricted in the
rule were granted an additional national capacity variance from the LDRs for up to two years. National
capacity variances were not granted a delay in the effective date, and will therefore extend from May 8,
1990 to May 8, 1992.

LDRs require that if a waste is to be placed in or on the land (e.g., in a surface impoundment,
landfill, waste pile), the waste must comply with the specified treatment standards. For example, where
treatment standards are expressed as concentration levels for a waste, the waste cannot be placed in or
on the land unless the concentration of regulated constituents is below the promulgated standards,
usually after treatment. Thus, LDRs are triggered' when waste is placed in or on the land. If placement
does not occur, the LDRs do not apply to the waste management activity. Movement of a waste within
a unit, in-situ waste treatment, and capping wastes in place does not constitute land disposal; however,
if wastes are removed from the unit, treated (e.g., stabilized), and placed back into the unit, it is
considered land disposal and the wastes are subject to the LDRs.

LDRs may apply during closure as well as during a unit's operating life. Therefore, if closure
activities involve removing and disposal of wastes off-site, these wastes will be subject to all LOR
standards.



Implications of Federal Facility Compliance Agreements

Federal agencies must comply with all provisions of Federal environmental statutes and
regulations as well as all applicable State and local requirements, with minor exceptions. Federal facilities,
Including DOE facilities operating under the Atomic Energy Act of 1954, are required to comply with all
of the requirements of RCRA to the same extent as any private person or entity. With the exception of
corrective action requirements, however, EPA cannot issue an enforcement order to another government
agency. Therefore, in most cases, when major incidents of non-compliance (e.g., closure violations) occur
at Federal facilities, DOE generally seeks to negotiate compliance agreements with the relevant regulatory
agency(ies) that commit DOE to specific activities and schedules to achieve compliance.

Compliance agreement between DOE facilities and EPA or State agencies to address RCRA non-
compliance are established primarily through Consent Orders and/or Federal Facility Compliance
Agreements (FFCAs). Depending on the nature of the violations at a DOE facility, compliance activities
and the authorization status of the State in which the facility is located, compliance activities may be
undertaken under multiple authorities. For example, if a State is authorized to enforce closure regulations,
the State would issue a Consent Order to conduct closure activities; in an unauthorized State, closure
violations would be addressed under a FFCA. In the case of corrective action, however, because EPA
can issue consent orders to DOE, either an authorized State or EPA may issue a consent order to
address corrective action violations. Therefore, if a facility is located in a State authorized to enforce
closure regulations but not corrective action, and the violation includes both closure and corrective action
components, the State would negotiate a Consent Order to cover the closure violations and EPA would
negotiate a Consent Order under 3008(h) authority to cover corrective action activities for the interim
status units. Therefore, at a particular facility, there may be multiple enforcement mechanisms and
multiple parties involved in the agreements depending on the type of actions required and the specific
legal and regulatory authorities invoked. In general, orders or agreements include, at a minimum, the
following information: legal authorities which are the basis for the order or agreement; descriptions of
alleged violation(s); a compliance plan; schedules for compliance; procedures for dispute resolution; and
sanctions for continued noncompliance.

III. Closure and Post-Closure Care Requirements

The general requirements for closure and post-closure care of hazardous and mixed waste
facilities are found in 40 CFR Parts 264 and 265 Subpart G. These requirements are applicable only to
those hazardous waste management units that treated, stored, or disposed of hazardous wastes on or
after November 19, 1980. Examples of hazardous waste management units include surface
impoundments, waste piles, land treatment areas, landfill cells, incinerators, tanks and their associated
piping and underlying containment systems, and container storage areas. If a unit (e.g., a landfill cell)
or any part of a unit (e.g., several containers of waste in a single storage shed) was active on the effective
date of the regulations, the entire unit is subject to the closure and post-closure care regulations. The
principle procedural and technical requirements governing closure and post-closure care are discussed
below.

Closure and Post-Closure Care Plans

All hazardous and mixed waste facilities, must heve a written closure plan describing how each
unit at the facility will be closed and a written post-closure plan describing the activities that will be
conducted after closure of each disposal unit and the frequency of these activities. The regulations
specify the required contents of the closure and post-closure plans but do not require the owner or



operator to adhere to any particular format when developing these plans. A closure plan must contain
the following information: a facility description; partial closure activities; an estimate of the maximum extent
of operation and maximum inventory; procedures for treating, removing, or disposing of the maximum
inventory, facility decontamination procedures; ground-water monitoring systems, unit-specific closure
activities (e.g., final cover design, procedures for 'clem closure'); and partial and final closure schedules.
Minimum required contents of a post-closure plan include: monitoring and maintenance activities, and the
name of a contact person or office.

The precise information that must be included in the plans will vary depending on the type of unit.
For exanvp'e, the procedures for disposing of facility inventory or the amount of contaminated soil will
depend on the types and quantities of wastes involved and site-specific conditions. Similarly, the final
cover design may be affected by the surrounding hydrogeology and other site-specific factors.

Triggers of Closure

The date on which an owner or operator expects to begin closure, and thus triggers the closure
notification requirement, is either no later than 30 days after the date on which any hazardous waste
management unit receives the known final volume of hazardous wastes, or one year after the date of
receipt of the most recent volume of hazardous wastes. If the owner or operator can demonstrate to the
Regional Administrator that the facility has the capacity to receive additional hazardous wastes and that
all steps have and will be taken to prevent any threats to human health and the environment, the Regional
Administrator may approve an extension to this one-year limit.

Closure Performance Standard

Rather than specify prescriptive closure requirements, the regulations include a performance
standard, which requires that units be closed in a manner that minimizes the need for further
maintenance, and controls, minimizes or eliminates releases of hazardous wastes to environmental media
to the extent necessary to protect human health and the environment. In addition, the closure standards
require that owners or operators comply with a number of unit-specific requirements. Because the
requirements are performance-based, each owner or operator must consider site-specific conditions in
determining the most applicable activities to meet this standard.

Length of the Post-Closure Care Period

The regulations require 30 years of post-closure care for each disposal unit, beginning after
completion of closure of the unit. The Regional Administrator has the authority to shorten or extend the
length of the post-closure care period, if he finds that altering the length of the period is sufficient or
necessary, respectively, to protect human health and the environment. In addition, the owner or operator
or any member of the public may petition the Regional Administrator to alter the length of the post-closure
care period.

Because the regulations do not specify the criteria that must be used to determine whether to alter
the length of the post-closure care period, such decisions are based on site-specific facility conditions.
For exampie, if some disposal units at a facility close earlier than other units, unless each unit has its own
separate ground-water monitoring system, the Regional Administrator may extend the length of the post-
closure care period for the units that closed earlier because of the interrelationship of the monitoring
system.



The broad technical evaluation criteria and site-specific technical factors that are considered when
evaluating the appropriate length of the post-closure care period include, adequacy of monitoring
systems; migration, attenuation, and risk potential; facility characteristics; waste types and characteristics,
and environmental and health considerations.

Certifications and Deed Notations

Facility owners or operators must submit a certification signed by the owner or operator and an
independent registered professional engineer certifying that closure activities have been conducted in
accordance with the approved closure plan. Similarly, following the completion of the 30-year post-closure
care period for each unit closed with wastes in place, the owner or operator must submit a certification
to the Regional Administrator that post-closure care was completed in accordance with the approved post-
closure plan.

As part of closure of each disposal unit, owners or operators of disposal units must submit to the
local zoning authority, or the authority with jurisdiction over local land use, and to the Regional
Administrator, a record of the type, location, and quantity of hazardous wastes disposed of within each
disposal unit (e.g., disposal cell or trench) of the facility. For mixed waste units, a record of the hazardous
components of the? mixed waste is necessary. The owner or operator also must record a notation on the
deed to the facility property, noting that the land has been used to manage hazardous wastes, its use
is restricted by regulation, and that the survey plat and record of wastes have been filed with the land use
authorities and the Regional Administrator. The deed notations are required following closure of the first
and last disposal unit at the facility.

Selecting Closure Options

As noted earlier, the closure regulations provide a large amount of flexibility to owners or
operators to determine the most appropriate activities to ensure long-term protection of their facilities.
A key decision for certain types of units is whether to remove all hazardous wastes at closure or whether
to leave some wastes in place and to conduct post-closure care. In some cases, EPA has required all
wastes to be removed at closure. For example, closure of tanks, container storage areas, incinerators,
and wastes piles must include the removal of all hazardous wastes as a condition of satisfying the closure
standards. An owner or operator may choose to leave wastes in place at landfills and surface
impoundments and at waste piles and tanks where it is not feasible to remove all wastes at closure.
Ciean closure is generally the preferred option because it eliminates the need for post-closure care;
however, there are cases in which clean closure either may be technically or economically infeasible or
impractical.

In general, clean closure is most appropriate at relatively small units where contaminant migration
has been found to be minimal. Clean closure is also a good option when: the waste in the unit may be
removed easily and treated for final disposal at a relatively low cost; the waste is generating gases that
Ci»r>r>ot be economically controlled; or liners have been damaged beyond repair, yet extensive migration
of leachate has not occurred. Clean closure is also not usually an option at large units, due to the sheer
volume of material to be removed, and units in which the physical and/or chemical characteristics of the
waste preclude or limit treatment or stabilization. Because hazardous wastes excavated during clean
closures are subject to the LORs, the cost of treatment to BOAT may be an important consideration when
selecting clean closure verses landfill closure.



How Clean is Clean?

To demonstrate clean closure, the soil and ground water surrounding the impoundment must be
tested to document that the contaminants left in the subsoils will not impact the ground water, surface
water, or the atmosphere in excess of the exposure limits specified in the facility's approved closure plan.
For the purposes of making a clean closure demonstration, the potential point of exposure at which the
specified exposure limits must be met is directly at or within the unit boundary for all routes of exposure.
Migration, attenuation, fate, or transport factors may not be considered. EPA has not promulgated
standards prescribing 'how clean is clean*. However, the EPA's policy regarding the requirements
applicable to units undergoing clean closure is most clearly expressed in 52 FR 8704 and 53 FR 9944).

A special requirement applies to all surface impoundment that received hazardous or mixed
wastes after July 36, 1982, and certified "clean closure* under 40 CFR Part 265 prior to March 19, 1987.
These units must submit an 'equivalency demonstration' showing that the closure satisfies all the
requirements specified for permitted facilities in Part 264, even if the facility was otherwise subject to the
interim status requirements. If clean closure cannot be demonstrated, then the owner or operator must
either conduct additional activities to satisfy the clean closure standards or comply with all post-closure
care requirements.

IV. Conclusions

DOE personnel closing radioactive mixed waste units face a wide variety of technical and
procedural challenges to comply with the closure and post-closure care requirements, as well as other
applicable RCRA Subtitle C requirements. These requirements range from closure plans to certification
of closure and from procedures for removal of waste and unit decontamination to maintenance of the final
cover and post-closure monitoring systems. Closure and post-closure care requirements in particular are
not overly prescriptive which means that closure and post-closure care of radioactive mixed waste units
cannot be conducted using a 'cookbook' approach. Rather, an owner or operator must take into account
the many site-specific factors relevant to DOE facilities. Location, climate, facility age, type of facility,
hydrogeologic setting, existing contamination, are only a few of the factors that must be taken into
consideration.

!n addition to the specific requirements under RCRA, there is often a need to integrate RCRA
Subtitle C compliance with State and other Federal program compliance (e.g., CERCLA), thus requiring
DOE personnel to take a 'big picture* approach to address these challenges. To adequately address
these many complex issues, it is strongfy recommended that DOE personnel involved in planning for and
conducting closure and post-closure care of radioactive mixed waste management units closely
coordinate with other DOE Operations Offices and facilities that have faced similar challenges, and EPA
Regional and State staff. In many cases, Federal Facility Compliance Agreements (FFCAs) may provide
the most efficient solution to ensure coordination among all concerned parties. FFCAs help to eliminate
communication difficulties and avoid duplication of efforts that could hinder compliance and result in
wasted resources.
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Remediation of hazardous and mixed waste sites is often driven by
assessments of human health risks posed by the exposures to
hazardous substances released from these sites. The methods used
to assess potential health risks involve, either implicitly or
explicitly, models for pollutant releases, transport, human
exposure and intake, and for characterizing health effects.
Because knowledge about pollutant fate and transport processes at
most waste sites is quite limited, and data costs are quite high,
most of the models currently used to assess risk, and endorsed by
regulatory agencies, are quite simple. These models employ many
simplifying assumptions about pollutant fate and distribution in
the environment about human pollutant intake, and toxicologic
responses to pollutant exposures. An important consequence of data
scarcity and model simplification is that risk estimates are quite
uncertain and estimates of the magnitude uncertainty associated
with risk assessment has been very difficult. A number of methods
have been developed to address the issue of uncertainty in risk
assessments in a manner that realistically reflects uncertainty in
model specification and data limitations. These methods include
definition of multiple exposure scenarios, sensitivity analyses,
and explicit probaoalistic modeling of uncertainty. Recent
developments in this area will be discussed, along with their
possible impacts on remediation programs, and remaining obstacles
to their wider use and acceptance by the scientific and regulatory
communities.
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ABSTRACT

In FY 1990, environmental restoration activities in progress and planned for the Oak Ridge
Reservation's (ORR) Y-12 Plant, Oak Ridge National Laboratory, and the Oak Ridge Gaseous
Diffusion plant sites, together with those programs in progress at the Portsmouth Gaseous Diffusion
Plant and the Paducah Gaseous Diffusion Plant, were consolidated into a single program operated
by Martin Marietta Energy Systems, Inc., for the U.S. Department of Energy. The primary objective
of this consolidation is to ensure that the environmental restoration activities, previously conducted
independently at each of these five sites, are approaching, managing, and resolving key technical
needs and issues in a consistent technical manner. With the ORR designated a National Priority List
site on December 21, 1989, together with schedules and agreements negotiated as part of a Federal
Facilities Agreement for restoration of contaminated sites on the ORR, as well as Consent Orders and
Consent Decrees affecting the Portsmouth and Paducah sites, the urgency and necessity of achieving
technical consistency among the restoration activities being conducted under auspices of the
Department's Oak Ridge Operations Office is paramount. This paper will describe the activities in
progress and the needs and outlook for achieving technical consistency in the Oak Ridge
Environmental Restoration Program.
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REMEDIATION OF CONTAMINATED UNDERGROUND TANKS BY IN SITU VITRIFICATION
Hill 1am F. Bonner, Pacific Northwest Laboratory

Contamination associated with underground tanks at U.S. Department of Energy
(DOE) and other sites may be effectively remediated by application of the in situ
vitrification (ISV) process. ISV converts the tank, tank contents, and
associated contaminated soil to a glass and crystalline block. Compared to
current retrieval and treatment options, in-place vitrification may reduce
remediation costs, risk of environmental releases, worker exposure, and secondary
waste generation by an order of magnitude. To prepare ISV technology for this
use, the DOE is funding development activities at the Pacific Northwest
Laboratory. Testing to date has included simulated wastes vitrified in scaled
down tanks. During a radioactive engineering-scale test, a 30-cm-diameter buried
steel and concrete tcnk containing simulated tank sludge from Oak Ridge National
Laboratory was vitrified, producing a solid block. Hazardous components of the
tank sludge, including cesium, strontium, technetium, uranium, lead, mercury,
chrome, and cobalt, were immobilized or removed and captured in the off-gas
treatment system. The steel tank was converted to ingots near the bottom of the
block and the concrete walls were dissolved into the resulting glass and
crystalline block. The block produced was shown to pass Toxic Characteristic
Leach Procedure and other Environmental Protection Agency tests. In a pilot-
scale test planned for Summer 1990, a 1-m-diameter tank containing simulated
waste will be vitrified.
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ABSTRACT
Groundwater problems associated with organic vapor migration from
waste sites have been noted at a number of U.S. Department of
Energy facilities. At the Idaho National Engineering Laboratory,
for example organic vapors from the Radioactive Waste Management
Complex (RWMC) have migrated through the vadose zone and have
reached the Snake River Plain Aquifer. Trace levels of organic
chemicals, including carbon tetrachloride, have been reported in
wells in the vicinity of the RWMC.
Detailed field and modeling studies have addressed the organic
problems at the RWMC. These studies have lead to the Vapor Vacuum
Extraction (WE) system. The W E concept relies on applying a
vacuum in a centrally located well to induce large flows of soil
gases. As a result the contaminant plume is swept to the extraction
well and removed.
A W E demonstration project was initiated at the RWMC this year for
the purpose of evaluating the effectiveness of the remedial
technique and to collect data for use in model validation. The
purposes of this paper are to: (l) Describe the features of the W E
system. (2) Present and interpret the field data. And (3) summarize
the primary findings of the demonstration project.
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ABSTRACT

During the ground preparation for the construction of a building, buried drums were encountered
and the construction was halted. Geophysical techniques were used to rapidly delineate the location and
extent of the waste. The results of the geophysical survey were used immediately to direct waste
excavation. The primary objective of this paper is to compare two surface geophysical techniques, an
electromagnetic conductivity meler (Geonics EM-31) and a proton precession magnetometer
(Geometries 856A), and their use at a hazardous waste site. The instrument responses were compared
using statistics. Combined responses lead to an improved interpretation of the subsurface. The EM-31
was less affected by man-made surface features. This paper compares the anomalies seen in the
geophysical data with field-verified-physical and chemical features. The intent is to help the reader
determine which instrument to use, given knowledge of the field conditions, and to aid in interpretation of
anomalies.

INTRODUCTION

This paper presents the results of 3 surface geophysical investigation at a hazardous waste site. All
geophysical anomalies suspected of corresponding to buried waste were investigated directly with
excavation equipment. Verification trenching was conducted in non-anomalous areas. This direct
investigation of the anomalous and non-anomalous areas, along with a thorough analysis of the anomalies
created by man-made and geologic features, provided the authors a unique opportunity to evaluate fully
the effectiveness of the geophysical techniques used.

The surface geophysical techniques used to delineate buried paint and paint process waste were
an electromagnetic (EM) terrain conductivity meter (Geonics EM-31) and a proton precession
magnetometer (Geometries G856). Preceding the survey, historic aerial photos were gathered and
employee interviews were conducted to determine the approximate locations of the waste pits and gain an
understanding of the burial practices employed on-site. This information was used to identify patterns in
the former disposal practices that could be used to define the investigation boundaries and estimate the
probable size and depth of the waste disposal area(s).



Description of Equipment

Benson (1988)14] presents a methodology for deciding on 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 Geometries 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 [5]. The current passing through the transmitter
coil produces a magnetic Geld, which in turn induces small currents in the underlying strata. Currents
within the strata produce a secondary magnetic Geld, which is sensed by a receiver coil. It has been shown
that the ratio of the electromagnetic Geld detected by the receiver coil to the electromagnetic Geld
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
transmitting 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 meters, and an effective depth of approximately six meters.

A proton precession magnetometer, such as the Geometries 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 [6]. 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 Geld generated by a current in a coil of wire in the G-856A. The
processing 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 Geld intensity and independent of the
orientation of the magnetometer. The proportionality constant, which relates frequency-to-field intensity,
is the atomic constant, the gyromagnetic ratio of the proton. The precession frequency is measured by
digital counters as the absolute value of the total magnetic Geld intensity with an accuracy of one gamma
in the earth's Geld of approximately 5C.000 gammas.

The total magnetic Geld intensity, as measured by the proton magnetometer, can be looked upon
as the magnitude of the earth's Geld vector, independent of its direction. Local disturbances, as might
occur near buried metal objects, will add to the earth's magnetic Geld 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 where magnetometer surveys are conducted near buildings,
power lines, underground pipelines, etc.

Multiple techniques can be used with the EM, which include vertical vs. horizontal dipole,
profiling, and phasing [7]. Magnetic gradient measurements can be taken with the magnetometer [6].
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 elsewhere.



It is a common practice to use several geophysical techniques to investigate the subsurface. Neev
(1985)[1] used electromagnetics and a magnetometer to do preliminary site investigations looking for
buried ordnance. McGuinness (1988)[2] used ground penetrating radar and magnetometer techniques to
locate buried drums. Benson (1983)[3] suggests that a combination of techniques will aid in the
interpretation of the data.

The objective of this paper is to compare the EM and magnetometer responses tc buried waste
and other anomalous cultural and geologic features at the site. Although both instruments are used
widely in geophysical investigations, they have not often been compared.

It became very important to show that the geophysical data were useful in delineating areas where
no waste burial had occurred because the area being investigated was the future site of a 250,000-square-
foot building. Baclchoe trenching operations generated information to verify these data. The verification
trenching provided a high level of confidence in the geophysical data, suggesting that all of the buried
waste pits had been found and removed. In light of this confidence, the state environmental agency
involved approved the placement of the building over the site.

BACKGROUND

When the manufacturing company began ground-clearing for its new warehouse, a bulldozer
doing surface leveling encountered some shallow buried waste. The company's environmental manager
halted the construction work and hired Metcalf & Eddy, Inc. to locate and characterize the waste and
coordinate its removal and proper disposal.

Through initial soil sampling, employee interviews, and the review of historical aerial photographs
it was determined that the waste was the result of former disposal practices used by the company from
1961 through 1979 (just prior to the enactment of RCRA).

Paint process wastes generated prior to 1980 were disposed of on-site. It is unclear whether these
paint wastes, which include ashes, solvents, charred timbers, scrap metal and buffing pads, were disposed
of in burial pits after being burned in an on-site incinerator, or whether the waste was set on fire after
being placed in the pits. A 1973 aerial photo (see Figure 1) shows the rough outlines of three small pond-
like areas with a road leading from the manufacturing facility. The photo gave an indication of the
probable dimensions and location 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 is, it does suggest a systematic process
of waste disposal, which was valuable information for the design of the investigation.

The topography is extremely flat, with less than two feet eleva»:on change across the site. An
initial review of the geological literature suggests that the site is underlain by approximately 10 feet of
glacial til! over more than 300 feet of shale. Ground water occurs in fractures and other permeable 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 photo. Because of the bedrock being so near the
surface (approximately 10 feet) and comments on the disposal practices from long-time employees, it was
believed that the waste was buried in very shallow pits. The aerial photos suggested that the size of the
waste pits was on the order of 10 by 20 feet to as much as 50 by 60 feet.

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.



COLLECTION OF DATA

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

After the grids were set up, the instruments were calibrated and data 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 difference in readings at a node were later used as an additional criterion for determining
anomalies. The readings were observed when walking between nodes, aed any changes of over 5
mmhos/m, dictated collecting mid-node readings. Total field magnetic intensity readings were made at
each node using the Geometries 856A proton precession magnetometer.

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

PRESENTATION OF DATA

This section presents the data collected with the EM and magnetometer. Figures 2 and 3 show
topographic contour maps of the data from the EM and the magnetometer (entire 4001 x 7001 survey).
Note that magnetometer data in Figure 3 shows a decrease in intensity on the eastern edge. This decrease
is due to the magnetic properties of the steel-frame building that is 50 feet east of the survey area.

Building Anomaly Correction

The magnetometer anomaly caused by the steel framed warehouse SO feet 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 buiiding), the effect of the building can be calculated. Taking the average of
each northsouth line in the southern half of the survey (O - 300 feet 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., l/r2)[6]. Now, the building anomaly (900 gammas at the easternmost edge) can be subtracted
from the raw data, and the data reanalyzed. The replotted magnetometer data are shown in Figure 5.

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 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
ganunas, with a range from 53,380 to 56,361 and a standard deviation of 254 gammas. Using the approach
mentioned above, indicates that an anomaly would have to be more than 250 gammas to be distinguished.



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 - 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 Figu;e 2, the values of conductivity are of two distinct levels,
in the 30 range in the northern section and in the teens in th« southern section. The transition between
these two levels occurs at between 350 ft. and 450 ft. north on the grid.

Upon further investigation of the geotechnical borings gathered during the building design, a
ch?Age in depth to bedrock was noted. Figure 6 shows the depth to bedrock along a northsouth section of
the site and the corresponding average EM readings. The northern section is 7 ft. -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.

With this observation in mind, the EM data were separated into two sections prior to statistical
analysis (as northern and southern segments).

Statistical Data (mmhos/m)
Area Mean Ranpe Standard Deviation

Southern 153 0-27 33
Northern 35.6 0-69 9.6

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 would have been placed randomly and of varying
conductance. Therefore, electrical conductivity 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.

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 (see Figures 8 and 9): the building, a trailer on-site for personnel decontamination, and a
paved road.

The building had a large impact on the magnetometer data, even though the survey never got
closer than 50 feet 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 analysts of the EM data). The trailer created an
anomalous feature in the magnetometer data that extended up to 60 feet radially (see Figure 11), but did
not affect the resolution of other anomalies.

The blacktop road (shown on Figure 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
conductivity values oi 6 - 8 ramhos/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 to known man-made surface features have been identified and
delineated, these labeled anomalies represent subsurface features with electromagnetic 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 of the geophysical instruments' 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 excavations 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 somewhat less than shown. This organic ieachate 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 excavation and trenching, the maximum instrument responses of
each technique in relation to surrounding values, and whether these responses were sufficient to be called
an anomaly (> 1 standard deviation above the surrounding values).

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 additional features (concrete slab and
surface material). The magnetometer was not affected by the natural subsurface features and the smaller



manmade features, but was highly affected by the nearby building. Each of the instruments 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 waste.

COMPARING THE RESPONSE OF THE INSTRUMENTS

Each instrument responded to different physical properties of the buried material. Given a
different set of field conditions, one instrument may perform better than another. The desire is to
compare how well each instrument responded to each anomaly, but the magnetometer reads in gammas
and the EM in simhos/m. To be able to compare the two instruments, a "signal-to-noise ratio" was
calculate*! 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 2 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 subsurface 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 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 feet from the building
did cot 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
available. The surface geophysical techniques discussed in this paper can be very effective in locating and
delineating 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 positive response for both properties, conductivity and ferromagnetism, consistently
detected the buried waste and yielded a false positive less frequently.



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 infonnation derived from the geophysical survey, the EM-31 proved to be a
more versatile investigative tool. It identified all the waste pits and provided information about the
subsurface, the location of a buried bedrock escarpment and the extensive root zone, which were valuable
to the hazardous waste site investigation.
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FIGURE 1

1973 AERIAL PHOTOGRAPH



Figure 1 - 1973 Site Aerial Photograph Showing Former Waste Pits

Note Solid lines represent the 1^1 plant expansion and ihe dashed lines represent the p roposed
expansion
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Does Response Meet
Maximum Instrument ResponseEM - Difference Statistical Criteria? EM

Anomaly Above Background N-S less E-WEM (10 mmhos/m in North.MAG Difference Physical Description
Location EM (milliMhos/mlMag feamma) Orientation 4 mmhos/m in South) (150 gammas) > 3.3 mmhos/m Based on Excavation Worlr

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 Wastepit: 13* x 25\ 7 depth,
2' below surface, no drums.

C 23 500 12 Yes Yes Yes Waste pit: 50* x60\ 3 ' - 5* depth,
1' below surface, some drum pieces.

D 37 730 14 Yes Yes Yes Two waste pki: 20rx«Tand
30* x 40', 3' - 5' depth, more scrip
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.

P 13 200 8 Yes Yes Yes Tin battery remains: 7 x 15\ 4* depth,
2* beJow 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.

Man-made feature: building SO* east of survey area.

Concrete stab: 3'x 5* x 6", 2'below
surface, contained 1/2" copper pipe; used
as a ground in prior field office.

No No Yes Surface material: no subsurface feature found.

I

J

0

0

900

0

0

4

No

No

Yes

No

No

Yes

1 Location as shown of 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.



TABLE 2. RELATIVE RESPONSE TO ANOMALIES

Anomaly

A

B

C

D

E

F

G

H

I

J

K

EM
19

42

2.4

3.9

12

3.9

1.0

1.0

0.0

0.0

0.0

Relative Respoosel
EM-DIF

7.8

1.1

33

3.9

22

2.2

CO

0.0

0.0

1.1

1.1

MAG

1.7

6.1

3.4

4.7

2.7

1.3

0.0

0.0

1.1

0.0

0.0

1 Relative Response is the maxunum instrument response divided by the standard deviation of
the data.
Analogous to a signal to-noise ratio.


