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AN OVERVIEW OF THE DEPARTMENT OF ENERGY
DEFENSE PROGRAMS

ENVIRONMENTAL RESTORATION PROGRAM

The Department of Energy (DOE) established the Environmental
Restoration (ER) Program in 1987 to coordinate the remediation of Defense
Programs (DP) inactive hazardous waste sites and to take corrective
actions for any releases of hazardous wastes from any waste management,
unit meeting the definition of a past disposal site. While DOE has
supported environmental restoration activities, the management and
coordination have not always been focused and the funds spent on those
activities have not always been visible. To optimize the use of the
funds, a separate budget category was identified to meet the corrective
action requirements for inactive sites under the Resource Conservation and
Recovery Act (RCRA) 3004(u) and the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLAJ/Superfund Amendments and
Reauthorization Act (SARA). Management responsibility for the ER Program
was assigned to the Office of Defense Waste and Transportation Management
(DWTM).

Federal facilities have been under increasing pressure to remediate
inactive hazardous waste sites and take corrective actions for any
releases of hazardous materials from a solid waste management unit. The
federal facilities provision of SARA requires the Environmental Protection
Agency (EPA) to establish a public docket to list all federal sites
contaminated by hazardous wastes or substances and to monitor the progress
of investigations and cleanups against an established schedule. The
states and private citizens can sue to enforce this provision. RCRA
Section 3004(u) requires cleanup of inactive sites as a condition of the
active facility permit. This provision necessitates the cleanup of
inactive hazardous waste sites to maintain DOE production operations,
because these operations are dependent on continued operation of active
hazardous waste treatment, storage, and disposal facilities.

There are specific responsibilities within the Program that are
divided among DP; the DOE Environment, Safety, and Health organization
(EH); and the field operations offices. The responsibilities of DP
include program development, guidance and oversight, development and
defense of the budget requests, review of funding priorities, and overall
coordination of the DP system activities. A unique aspect of the ER
Program is that it is coordinated and managed directly from Headquarters
(HQ) without a lead field operations office. The Hazardous Waste Remedial
Actions Program (HAZWRAP) Support Contractor Office (SCO) will provide the
principal technical support to HQ DWTM for implementation of the ER
Program by assisting in developing management systems and procedures,
technical and regulatory analysis, and technology transfer. To the extent
funding is available, HAZWRAP SCO will also support field demonstrations
of cleanup technologies that have wide DP applicability.

EH provides compliance policy; independent oversight for environment,
safety, and health matters within the Department; coordination with EPA
HQ, the Occupational Safety and Health Administration (OSHA), and the
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National Institutes of Health (NIH); and technical compliance assistance.
The field offices have specific responsibilities in the direct management
of their remedial actions, this includes all activities from the
preparation for and conduct of the remedial actions. This includes all
activities from the preparation for and conduct of the remedial
investigation/feasibility study (RI/FS) to the implementation of the
approved remedial action and reporting of postremedial action monitoring
results.

There are currently 16 DOE-DP installations involved in the ER Program.
Within these facilities more than 3500 release sites have been identified.
In FY 1988 the total ER budget allocation for remedial actions was $81
million. The budget for FY 1989 is $142 million. Based on initial input
from the field operations offices, present estimates suggest that the
entire program will require in excess of $50 billion over the next 50
years. These funds will cover investigations to identify, confirm, and
quantify contamination; feasibility studies; remedial action plans and
designs; and remedial actions. Technology development and demonstration
activities are required to address the unique problems of DOE wastes and
are also funded as part of the ER Program. Long-term monitoring systems
are required to show compliance with the regulations and provide assurances
that any hazardous wastes are not migrating. Design and installation of
these systems are funded by the ER Program. Other activities include those
associated with pre-1970 buried transuranic wastes and RCRA closures of
land units in operation before March 1, 1987. There are specific
exclusions int eh program that include conduct of long-term surveillance at
remediated waste sites, the formerly utilized sites remedial action project
(FUSRAP) and any CERCLA emergency response actions at active release sites
and facilities.

Significant progress has been made in the Program's first year. The
final draft of the ER Program Management Plan (PMP) was prepared in early
1988 and forwarded by HQ to the field operations offices for
implementation. The PMP develops the systems and procedures for management
of the Program, including the identification of roles and responsibilities,
work breakdown structure, and documentation requirements. The initial
draft of the ER Program and Implementation Plan (PIP) was also completed in
1988. The ER PIP represents the first comprehensive effort to develop an
assessment of overall cost and schedule for the Program. It includes a
summary of planned activities by participating program installations,
regulatory drivers, cost and schedule summaries, and issues and
conclusions.

A Program Optimization System (POS) has been developed to assist in
making value judgments for allocation of programmatic funds beginning in FY
1990. The POS assesses the performance of a proposed set of remedial
actions activities with respect to the health and safety risk to the
public; regulatory responsiveness; current and future public, state, and
community concerns; ;the impacts to the DP mission, and costs. Each field
office prepares its own proposed ER programs for several funding levels.
Using an array of program tasks versus performance measures for each
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program, field offices score their programs, not the individual projects
at specific release sites. The scores for these programs (including a
"null" case) are forwarded to DOE HQ for a computer-aided calculation of
multiattribute utility values for each installation budget case, followed
by analysis of the results on a DP-wide basis. This information is
reviewed and compared with other field office submissions. The field
office and DOE HQ representatives meet in a working session to review the
analyses. Program scores for each performance measure are reviewed for
all programs to ensure consistency among field offices in the application
of the constructed scales; then consensus scores are developed. The
results are recalculated using the adjusted scores, and the revised
analysis is transmitted to the HQ ER Program Manager for use in developing
the budget allocations.

In the coming fiscal year, the PIP and the PMP will be updated, with
the emphasis on documentation requirements and the implementation of DOE
Order 4700.1, Project Management System. Other activities planned for FY
1989 include the development of a remedial actions cost-estimating model,
release site inventory data base, and additional review of the POS model
and its application within the ER Program.

While the Program has made tremendous progress, it has not yet
sufficiently matured to provide credible long-term cost estimates or
schedule baselines. The acceptance criteria for site cleanup continues to
be an issue with most states waiting for guidance from EPA before
establishing their standards.
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THE INSTALLATION RESTORATION PROGRAM:
THREE YEARS OF EXPERIENCE IN THE DEPARTMENT OF DEFENSE

CERCLA PROGRAM

Paul J. Franco and Alcide L. Porell
Hazardous Waste Remedial Actions Program
Martin Marietta Energy Systems, Inc.

Oak Ridge, Tennessee 37831

ABSTRACT

The Hazardous Waste Remedial Actions Program (HAZWRAP) Support
Contractor Office plays a major role in the Department of Defense (DOD)
Installation Restoration Program (IRP). The IRP is DOD's program for
identifying past disposal sites and for eliminating hazards to public
health and the environment. Since 1986, HAZWRAP has conducted a
variety of projects for the U.S. Air Force and Navy at the request of
the Department of Energy (DOE). This paper discusses HAZWRAP's
involvement in the IRP, some of the lessons learned during the course
of this relationship, and initiatives that are being taken to remove
sites from the IRP. The DOE may have an interest in HAZWRAP's
experiences with the IRP in planning for its equivalent program.

INTRODUCTION

Through interagency agreements with various components of the
Department of Defense (DOD), the Department of Energy (DOE) Oak Ridge
Operations Office is providing technical resources for characterization
of and remedial planning for hazardous waste sites at military ba^es
throughout the United States. The DOE assists the DOD in
implementation of its Installation Restoration Program (IRP) by which
DOD meets the requirements of the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA), the Superfund
Amendments and Reauthorization Act of 1986 (SARA), and other relevant
statues. The support is provided through the Hazardous Waste Remedial
Actions Program (HAZWRAP) support contractor, Martin Marietta Energy
System, Inc. (Energy Systems).

Energy Systems subcontracts with environmental services firms and
small, disadvantaged businesses to complete the projects. Energy
Systems provides subcontract management and technical oversight
services for the tasks. The types of the projects cover the full range
of steps outlined in the National Contingency Plan (NCP) of CERCLA
regulations - Preliminary Assessment (PA), Site Inspection (SI),
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Remedial Investigation/Feasibility Study (RI/FS), and Remedial Design
(RD) - except for the actual implementation of Remedial Actions.

HAZWRAP is currently conducting about 130 projects at 100 military
bases for 14 sponsors. A breakdown of the types of projects is given
in Table 1. As can be seen from the table, the majority of the
projects are RI/FS tasks. Because of the duration of these projects,
only two RI/FSs have been completed to date. However, a great deal of
experience has been gained regarding technical approaches to RI/FS and
project costs and schedules.

Table 1. Description of IRP Projects Assigned to HAZWRAP

Project description

Preliminary Assessment

Preliminary Assessment/
Site Inspection

Site Inspection

Remedial Investigation

Remedial Investigation/
Feasibility Study

Feasibility Study

Remedial Design

Remedial Action

Interim Remedial Measure

Underground Storage Tanks

Other

In progress

13

2

14
8

69

1

2

2

4

4

14

133

Complete

6

0

2

1

2

2

1

1
4

1

6

26

While direct extrapolation from the IRP to DOE environmental
restoration efforts may not be possible, there is sufficient similarity
between the two agencies that the DOD experience can be of benefit to
DOE in its planning. Both agencies maintain large facilities with a
mix of National Priority List (NPL) and non-NPL sites and have been the
sole tenants for 30 to 40 years. In most cases, there is no
controversy as to the ownership of the wastes on these facilities.
Both departments have generated a wide range of waste types at their

378



installations, and public interest and regulatory scrutiny are high for
DOD and DOE. The greatest difference may be in the predominant waste
types for the two agencies. Mixed wastes are not generated or disposed
of in significant quantities at 000 facilities, while mixed waste is a
major waste category for DOE installations. Petroleum-related wastes
are much more of a concern for military bases than tfey are for DOE.
It is reasonable to assume that investigative and cleanup costs may be
higher for mixed wastes than for wastes that are strictly chemically
hazardous.

LESSONS LEARNED

A recent critique prepared by the Office of Technology Assessment
(Congress) of RI/FS projects conducted by the Environmental Protection
Agency (EPA) indicates that at Superfund sites the studies averaged 32
months in duration. By modifying the approach as described in the
latest draft RI/FS guidance, EPA hopes to reduce this schedule to 18
months. Based on HAZWRAP's experience, this expectation may be
difficult to achieve. One of HAZWRAP's completed RI/FS projects is an
NPL site consisting of two contiguous sources. This RI/FS took 30
months to complete. Our other completed RI/FS was for an isolated fuel
spill site that was not on the NPL. Even this relatively simple
project took 15 months to complete. ;

Several factors contribute to the length of the schedule beyond
the time required for the technical portions of these tasks. Contract
negotiations can easily require several months to complete. Because of
the nature of environmental projects, contract modifications over the
course of the project are inevitable. Flexibility in contracting
approaches are advisable to minimize the "down time" required for
procuring services. An example of an innovative contracting mechanism
that Energy Systems will be implementing soon will be discussed below.

Document review also contributes to project schedules. A variety
of documents are generated in the RI/FS. Among these are Work Plans,
the RI Report, and the FS Report. Each requires review and approval or
concurrence by the sponsor and, in most cases, by the appropriate state
and/or federal regulatory agencies. The cumulative effect of these
review cycles is the consumption of 4 to 6 months. This can lead to a
significant extension of project schedules. Concurrent review by
sponsors and regulators is a possible means of shortening the schedule,
but this approach is not without a certain inherent risk.

Although HAZWRAP has not completed many RI/FS projects, several
are close enough to completion to give a reasonably accurate picture of
costs. Table 2 lists actual and estimated costs for RI, RI/FS, and FS
projects, with a range in the number of sites. These costs reflect all
costs associated with the project including work plan preparation,
field activities (surveys, drilling, sampling, and analysis), report
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preparation, and project management. The data base is far from
exhaustive, but several trends are suggested. For RIs, there is an
economy of scale apparent as the number of sites being characterized
increases. For non-NPL projects with a single site, RI costs average
about $250,000, while per-site costs decrease for larger projects. In
both RIs and RI/FSs, per-site costs are greater for NPL projects than
for non-NPL projects of similar size. This is probably an indication
of increased technical and administrative requirements for NPL sites
resulting from a higher level of regulatory interest as well as the
generally more complex nature of these sites.

Table 2. Comparison of projects costs

Total cost Cost per site

Remedial investigations
Non-NPL projects

1 site $ 225,000 $ 225,000
1 site $ 250,000 $ 250,000
1 site $ 300,000 S 300,000
14 sites $ 1,100,000 S 78,500
17 sites $ 1,900,000 $ 122,000

NPL projects
22 sites $ 6,300,000 $ 286,000
38 sites $ 8,500,000 $ 224,000

Remedial investigations/
feasibility studies

Non-NPL site $ 420,000 $ 420,000
NPL site (2) $ 1,700,000 $ 850,000

Feasiblity study
Non-NPL site $ 235,000 $ 235,000

NPL - National Priority List.
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Section 120 of CERCLA (as amended) reads that federal non-NPL
sites fall under state jurisdiction, while NPL sites are subject to the
NCP. Air Force policy with respect to regulatory compliance for IRP
sites on the NPL is that M... actions taken will be consistent with the
guidelines, etc. associated with CERCLA" (Draft Air Force Installation
Restoration Program Management Guidance, July 1988). For IRP sites not
on the NPL the policy is that "... actions taken will not be
inconsistent with those guidelines." Although the difference may
appear subtle, it has been HAZWRAP's experience that the flexibility of
this policy allows for expedited investigation and remediation of less
serious sites. From Table 2 it is evident that considerable costs
savings may also result.

HAZWRAP and the military sponsors have had success in negotiating
with state regulators to separate the technical approach and
requirements for NPL and non-NPL sites, even on the same installation.
In many cases the states will understand that accelerating the cleanup
of the sites is in everyone's best interest. Because of the potential
savings in time and dollars, the attempt to reach such an agreement is
well worth the effort.

Perhaps the most tangible products of RI/FS tasks are the
seemingly endless volumes of reports. HAZWRAP has found that it is
essential to have a multidisciplinary review of all documents generated
by the RI/FS contractors during the project. The staff that has been
assembled by HAZWRAP for review includes expertise in geology,
chemistry, environmental science, engineering, risk assessment, and
quality assurance. Of all the documents generated, the most important
to achieving a successful project are the work plans, including the
Project Management Plan, the Field Sampling Plan, and the Quality
Assurance Plan. These plans serve as the baseline against which the
contractor's performance can be audited and technical progress can be
measured. It is much more cost-effective to uncover errors in the
rationale, approach, and procedures for the site characterization
activities during the preparation of the work plan than to try to
correct them after the fieldwork is under way.

Another lesson HAZWRAP has observed from the IRP is the need to
involve regulators at an elevated administrative level. For several of
the major tasks HAZWRAP has undertaken, especially those involving NPL
sites, the convening of a panel of decision makers has proven
invaluable in facilitating the progress of these projects. Often
called the Technical Review Committee (TRC) or Technical Review Group
(TRG), the panel consists of senior representation from the military
installation (usually the Base Commander), the state regulatory agency
(the Director of the Waste Management Division), and the EPA Region
(the Federal Facilities Coordinator). The mandate of the TRC is to
improve communication between the installation commander and regulators
and to coordinate the development of response actions. The TRC meets
regularly to review project status, to discuss future direction, and to
resolve differences concerning technical and administrative issues that
cannot be settled at lower levels.
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INITIATIVES

HAZWRAP has contributed to the development of several initiatives
directed at reducing the cost and minimizing schedules for
characterizing waste sites, selecting remediation alternatives, and
removing sites from the IRP. Three such initiatives are expected to
have application for DOE and are discussed below.

Energy Systems has developed a unique capability by establishing
regionally based subcontracts for environmental services support under
general order agreements. Currently, eight firms are subcontracted to
Energy Systems and perform work under project-specific task releases.
Although this arrangement reduces the time required for completing
individual task releases by front-loading the subcontracting effort
into one major competition among potential bidders, a need was
identified to further expedite the subcontracting process. Energy
Systems recognized that many of the subtasks of the SI and RI are
common to most of the IRP projects (e.g., the kickoff meeting), and the
scope of these subtasks can be sufficiently described to define
"standard" subtasks. The subcontractors have been asked to respond to
an SOW containing 13 of these standard subtasks. The costs associated
with implementing the standard subtasks will be negotiated, and
standing task orders for each will be prepared. The standing task
orders are not tied to a specific project and may be used whenever and
wherever it is necessary. This procurement mechanism can substantially
increase the contractor's responsiveness to the sponsor's needs.

One of the objectives of the NCP is to allow EPA to characterize
waste sites and select cost-effective alternatives so that potentially
responsible parties (PRPs) can be identified and accountability can be
established for cost recovery. At federal facilities, ownership of
wastes is generally not in question and the cognizant agency is
responsible for remediation. For some categories of waste sites, the
remedial alternatives are few and have been well demonstrated. It is
therefore somewhat superfluous to conduct a full FS to select a
remedial action. It is necessary, however, for the federal decision
maker to document the selection process and to record the rationale
upon which the selection was made. An FS can be limited to
consideration of a narrow list of criteria and a set of options that
have been proven to have application to the specific waste type. Sound
engineering judgment must be used to decide whether this approach is
justified on a case-by-case basis. If appropriate, such a "focused" FS
can be completed in a fraction of the time and for a much lower cost
than a full FS. Nonetheless, risks can be minimized and defensible
decisions can be made.

Under the NCP, a Record of Decision (ROD) documents the process by
which the course of action for NPL sites is selected and concurrence is
reached among concerned parties. For non-NPL sites, it is no less
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important to formalize the decision-Making process and to obtain
agreement with regulatory agencies. The ROD isunsatisfactory for this
purpose because the standard scope and format exceeds that needed for
non-NPL sites. Beginning in late 1986, HAZWRAP, in coordination with
the Air Force sponsor, initiated development of a Decision Document
(DO) to record decisions at a non-NPL site in the southeast United
States. This document became the model for the policy issued by Air
Force Headquarters in January of 1988. The DO is used whenever a
significant event needs to made part of the official record. Among the
events that call for documentation are decisions to (1) takeno further
action, (2) select a remedial alternative, (3) implement an immediate
removal, and (4) implement long-term monitoring.

HAZWRAP has completed DDs for a dozen sites and is preparing them
for nearly 100 more sites throughout the country. The DDs are limited
in scope and are not intended to be stand-alone reports. Rather they
summarize previously published data and reference the reports where
detailed information is found. A suggested format for the DD is given
in Table 3.

Table 3. Format for a Decision Document

1. Introduction

2. Background
2.1 Site Description
2.3 Chemical Characteristics
2.2 Migration Pathways and Receptors
2.4 Risk Assessment

3. Control Measures
3.1 Identification of Control Measures
3.2 Evaluation of Control Measures
3.3 Selection of Control Measure

4. Conclusions

Signatures - DOD Representative and Regulatory Agency

As can be seen from the table, the DD is a simple document.
Typically the DD consists of 10 to 12 pages. The Introduction merely
states the objectives of the paper. The Background section provides
summary information on past waste disposal activities and site
characterization efforts, an assessment of the types of wastes, and a
description of potential pathways and receptors to form the basis of a
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risk assessment. In Section 3 of the DD, potential control measures
are identified, the criteria against which the potential control
measures were evaluated are defined, the evaluation of the control
measures is summarized, and the selection of the preferred alternative
is made. This selection is reaffirmed in the Conclusions section below
which signatures of the cognizant federal department and the concurring
regulatory agency are afixed. The Air Force has been successful in
removing many sites from the IRP using the DD. DOE may be able to use
a similar mechanism to reduce the number of sites it must continue to
consider.

CONCLUSIONS

In three years of working support of DOD's CERCLA program, HAZWRAP
has gained experience that can directly benefit DOE and its
Environmental Restoration Program. The cooperation the DOE and DOD in
the IRP is an example of how the two departments can work together to
solve national environmental problems. Exchange of information between
the two departments regarding hazardous waste cleanups should be
continued and broadened.
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CASE HISTORY:
AIR FORCE BASE JET FUEL SPILL REMEDIAL INVESTIGATION,

FEASIBILITY STUDY, AND REMEDIAL DESIGN

GREGORY T. McINTYRE
WILLIAM J. MCELROY

ABSTRACT

In May 1982, Air Force base personnel discovered JP-4 fuel leaking from
an underground purge line near Pump Station 9. Installation Restoration
Program (IRP) investigations in November 1984 confirmed JP-4 was float-
ing on the water table in an area now identified as Site 9. In May 1986,
work was initiated under the Martin Marietta Energy Systems Hazardous
Waste Remedial Action Program for a remedial investigation/feasibility
study (RI/FS) to culminate in the selection and conceptual design of
remedial action for the area. The RI involved the installation of 13
shallow borings and temporary well points to evaluate the location and
extent of the floating JP-4 plume. Four shallow and two deep monitor
wells were installed to evaluate the location, extent, and magnitude
of dissolved hydrocarbon contamination. Also included in the RI were
ground water, soil, surface water, sediment, and JP-4 fingerprinting
sampling. The RI located a floating JP-4 plume covering approximately
2 acres and a dissolved hydrocarbon plume. FS preparation progressed
in a series of IRP-required stages. Control measures screened for fea-
sibility and applicability were used to develop remedial action alter-
natives. Evaluation of detailed alternatives encompassed engineering
feasibility, public health impacts, environmental effects, regulatory
requirements, and present worth costs. The remedial action selected
includes JP-4 and ground water recovery by two wells fitted with dual
pumping recovery systems, ground water treatment by air stripping, dis-
charge of treated ground water through an onsite infiltration trench,
and collection and management of recovered JP-4. The final design is
underway and will be completed in October 1988.

BACKGROUND

The area of study is a United States Air Force installation located at
the extreme southeastern tip of Florida. In May 1982, the discovery
of JP-4 fuel in a drainage canal near Pump Station 9 on the base led to
further investigation by base personnel. The suspected source was de-
termined to be a corroded 1-inch-diameter underground fuel purge line.
Base personnel could not quantify the loss of JP-4 from the line, which
was subsequently repaired. The area assumed to be potentially affected
by the leaking JP-4 was identified as Site 9.
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Two shallow monitor wells were installed in November 1984 during the
Installation Restoration Program (IRP) Phase II investigations at the
base. JP-4 was observed floating on the water table in Well 1-18,
located near the suspected source. Floating JP-4 was not present in
Well 1-19, located approximately 200 feet southeast of the suspected
source. An Autoskimmer* was installed at Well 1-18 in November 1984 to
recover floating JP-4, but operational difficulties precluded recovery
efforts.

In May 1986, work was initiated under the Martin Marietta Energy Systems
Hazardous Waste Remedial Action Program (HAZWRAP) for a remedial investi-
gation/feasibility study (RI/FS) to support the development of a remedial
action plan for Site 9.

REMEDIAL INVESTIGATION

The RI was conducted in two phases. An exploratory program assessed
the location and extent of the floating JP-4 plume, and a monitor well
program evaluated the presence and magnitude of dissolved hydrocarbon
contaminants in the ground water and obtained information regarding the
vertical and horizontal extent of ground water contamination.

The exploratory program was conducted during July 1986 and included the
installation of 13 shallow temporary well points, water level and JP-4
thickness measurements, JP-4 fingerprinting, and soil sampling. The
locations of the temporary well points are shown in Figure 1. Floating
JP-4 was identified in Well Points 2, 3, 4, and 5 and existing Monitor
Well 1-18. Figure 1 provides the estimated maximum extent of the float-
ing JP-4 plume based on measurements collected on July 11, July 19, and
August 1, 1986. The exploratory program results indicated that the float-
ing plume was relatively confined to the area around Pump Station 9 but
could be subject to some lateral movement as a result of local hydraulic
influences.

The results of the exploratory program were used to strategically locate
monitor wells (Figure 2). The monitor well program was conducted during
August 1986 and consisted of the installation of six shallow and two deep
monitor wells, water level and JP-4 thickness measurements, ground water
sampling, and surface water and sediment sampling.

The ground water samples were analyzed for purgeable aromatics, purge-
able halocarbons, base/neutral extractable organics, and lead. The
analytical results of the shallow ground water samples indicated the
presence of the purgeable aromatic compounds benzene, toluene, ethyl
benzene, total xylene, and tert-butyl methyl ether. Naphthalene was the
only polynuclear aromatic hydrocarbon detected in the shallow ground
water. These results were consistent with the analytical results of the
JP-4 fingerprinting sample. The purgeable aromatics and naphthalene
found in the shallow ground water were not detected in the two deep
monitor wells.
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The analytical results were used to generate the total volatile organic
compound (VOC) isopleths illustrated in Figure 2. The isopleths are
computer-based approximations of the spatial variation in total VOC
levels existing in the study area on August 22, 1986.

The monitor well program results indicated that the dissolved hydrocarbon
contamination was confined to the area around Pump Station 9. The analy-
tical data also showed that the dissolved hydrocarbon contamination was
confined vertically to the shallow ground water in the Miami Oolite
formation (approximately 15 feet below land surface).

The results of the RI suggested the ground water beneath the site was
the primary pathway for contaminant migration. Although classified by
the Florida Department of Environmental Regulation (FDER) as Class G-II
(potable water use), the ground water is not used for this purpose be-
cause of a high total dissolved solids content. The elevated salinity
level is a result of saltwater intrusion over most of the eastern
portion of the base.

FEASIBILITY STUDY

The FS progressed in a series of IRP-required stages. Control measures
from a wide variety of general remedial technologies were screened for
feasibility and applicability to contamination at Site 9. The control
measures retained (Table 1) were used to develop eight preliminary reme-
dial action alternatives providing various levels of response to JP-4,
soil, and ground water contamination. Within each control measure, op-
tions were identified for possible inclusion during the development of
detailed alternatives. Each option was evaluated through preliminary
technical and comparative cost analyses for applicability to the spe-
cific component (soil, JP-4, and ground water) of the total remedial
response.

Table 1
RETAINED CONTROL MEASURES

Response Component Control Measure

Soil Excavation
Disposal
Direct Treatment
Onsite Treatment

JP-4 Recovery
Recycle

Ground Water Recovery
Onsite Treatment
Offsite Treatment
Onsite Disposal
Offsite Disposal
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For the soil response component, options of either no ar^ion or excava-
tion followed by disposal at an offsite hazardous waste landfill were
selected. The JP-4 response component included no action, recovery
through combined ground water and JP-4 pumping, or recovery through an
interceptor trench. Recovered JP-4 would be recycled through on-base
activities. Tht ground water response component included no action,
offsite treatment and disposal at the South Dade Regional Wastewater
Treatment Plant, onsite treatment with air stripping and offsite dis-
posal at the plant, or onsite treatment with air stripping and disposal
through infiltration trenches. All active ground water responses
included recovery through pumping.

The selected responses were used to further define the eight preliminary
remedial action alternatives. A no action alternative was included to
comply with requirements of the Air Force Installation Restoration Pro-
gram Management Guidance and the National Oil and Hazardous Substances
Contingency Plan. Each alternative was briefly described and some dis-
cussion provided on design assumptions, health and safety considerations,
and construction impacts. Order-of-magnitude costs were estimated for
comparative purposes. A summary of the detailed remedial action alter-
natives is presented in Table 2.

Alter-
native

1
2

3

4
5
6

7
8

Soils Response
Excavation/
Disposal

HA
NA

Yes
NA
NA

NA
Yes
Yes

SMtttRY OF

JP-4
Response

Recovery

NA

Yes

Yes
Yes
Yes
Yes

Yes
Yes

Table 2
REMEDIAL ACTION ALTERNATIVES

Recovery

NA
NA
NA
Yes
Yes

Yes

Yes
Yes

Ground
Onsite

Treatment

NA
NA
NA
—
Yes

Yes
~
Yes

Hater Response
Offsite

Treatment

NA
NA
NA
Yes
—
—

Yes
--

Onsite
. Disposal

NA
NA
NA
--
~
Yes
—

Yes

Offsite
Disposal

NA
NA
NA
Yes
Yes
—

Yes
—

1—No action. 2—Recover JP-4 only. 3—Excavate soils, recover JP-4. 4—Recover JP-4,
treat and dispose of ground water offsite. 5—Recover JP-4, treat ground water onsite
and dispose of offsite. 6—Recover JP-4, treat and dispose of ground water onsite.
7—Excavate soils, recover JP-4, treat and dispose of ground water offsite. 8—Excavate
soils, recover JP-4, treat and dispose of ground water onsite.

Note: NA = No Action
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The detailed remedial action alternatives were evaluated further on ti«i
basis of the following factors:

o Engineering feasibility, including effectiveness, useful life,
ease of installation, effective time, failure potential, opera-
tional flexibility and complexity, and monitoring requirements

o Public health impacts as a function of residual risk and of
adverse effects of construction activities during implementa-
tion

o Environmental effects, both beneficial as a result of altering
or eliminating contaminant transport pathways and adverse as a
result of construction-related activities

o Regulatory requirements of applicable federal, state, and
local environmental and public standards

o Capital, operations and maintenance, and present worth costs
estimated for comparative purposes

A simplified summary diagram of alternative evaluation and selection
results is presented in Figure 3.
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Alternative 6 was selected over Alternative 5 primarily due to capital
cost savings of approximately $150,000. Also, the onsite disposal of
the treated ground water included in Alternative 6 could improve its
remediation effectiveness by increasing soil flushing and enhancing the
hydraulic gradient toward the recovery wells.

The selected alternative comprises the following elements:

o JP-4 and ground water recovery using wells fitted with dual
pumping recovery systems

o Ground water treatment by air stripping, with provision to add
carbon adsorption if necessary to achieve cleanup criteria

o Discharge of treated ground water through an onsite inf.iltra-
tion trench

o Collection and management of recovery JP-4 by base Fuels
Maintenance personnel

REMEDIAL DESIGN

Remedial design work was initiated in April 1988. Predesign data
collection activities conducted to develop design parameters included:

o A shallow aquifer pump test and water quality sampling to
develop a design flow rate, confirm influent characteristics,
and evaluate the potential for fouling in the air stripping
tower

o A geotechnical investigation of subsurface conditions to
develop, design and construction recommendations

o Infiltration tests to assess the vertical permeability of the
upper shallow aquifer media for infiltration trench design

o A site survey to obtain profile information and evaluate the
location of underground utilities

The results of the shallow aquifer pump test were used to conduct ground
water modeling to evaluate ground water recovery, and infiltration trench
layout alternatives to control onsite ground water contamination. The
ground water modeling effort concluded that two recovery wells with a
yield ground water flow rate of 75 gpm each are required to maintain an
adequate area of influence with respect to the dissolved hydrocarbon con-
tamination at the site. The location of the recovery wells and infiltra-
tion trench are shown in the ground water treatment system site plan
(Figure 4).
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FIGURE 4
GROUNOWATER TREATMENT SYSTEM SITE ' L A N

The design influent concentrations presented in Table 3 are based on
an evaluation of water quality data collected during the pump test and
historical monitor well data.

Table 3
DESIGN INFLUENT CONCENTRATIONS

Parameter

Benzene
Toluene
Ethyl Benzene
Total Xylene
Naphthalene
Tert-Butyl Methyl Ether

Concentration

(yg/l)

210
10
50

150
320
10

Because of height restrictions on the base, two air stripping towers in
series will be used to remove the volatile contaminants in the ground
water. The air stripping towers are designed to treat a ground water
flow of 150 gpm. Each air stripper will have a height of approximately
20 feet. The required air-to-water ratio of 120:1 will be maintained by
an air flow of 2,400 scfm. The air stripping tower packed depth was
based on the removal of 210 yg/l benzene to achieve the PDER maximum
contaminant level of 1 ug/1.
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A summary of the design criteria for the ground water treatment is pre-
sented in Table 4. The estimated order-of-magnitude construction cost
for the ground water treatment system is $347,000. Final design includ-
ing engineering plans and specifications will be completed in October
1988, and construction activities are scheduled for completion in April
1989.

Table 4
GROUND WATER TREATMENT SYSTEM DESIGN CRITERIA

Recovery Wells
Number 2
Depth, Feet 15
Diameter, Inches 10
Capacity, gpm 75
Product Recovery Capacity, gpm 6

Air Stripping Towers
Number 2
Diameter, Feet 4
Overall Height, Feet 20
Packing Depth, Feet 8
Water Flow, gpm 150
Air Flow, scfm 2,400
Air-to-Water Ratio 120:1
Removal Efficiency per Tower,

Percent Removal of Benzene 94
Overall Removal Efficiency,

Percent Removal of Benzene 99.6

Infiltration Trench
Length, Feet 120
Depth, Feet 11
Pipe Diameter, Inches 6

SUMMARY

The discovery of JP-4 leaking from an underground purge line near Pump
Station 9 on a Florida Air Force base prompted an RI/FS under the Martin
Marietta Energy Systems HAZWRAP program. The RI exploratory program
assessed the location and extent of the floating JP-4 plume, and the
monitor well program evaluated the presence and magnitude of dissolved
hydrocarbon contaminants in the ground water and obtained information
regarding the vertical and horizontal extent of ground water contamina-
tion. The FS included the screening of control measures for feasibility
and applicability from which remedial action alternatives were developed.
Detailed alternatives were evaluated further on the basis of engineering
feasibility, public health impacts, environmental effects, regulatory
requirements, and present worth costs.

395



The remedial action selected includes JP-4 and ground water recovery
by two wells fitted with dual pumping recovery systems, ground water
treatment by air stripping, discharge of treated ground water through
an onsite infiltration trench, and collection and management of recov-
ered JP-4. The final design will be completed in October 1988, and
construction activities are scheduled for completion in April 1989.
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INTERIM COVERING OF WASTE PIT 4
AT THE FEED MATERIALS PRODUCTION CENTER

Mark J. Krauss

ABSTRACT

The Feed Materials Production Center (FMPC) is a Department of
Energy (DOE) owned facility operated by Westinghouse Materials Company
of Ohio (WMCO) for the purpose of producing metallic uranium fuel
elements, target cores, and other uranium compounds. These materials
are used at other DOE facilities in support of the U.S. defense program.

In the past, disposal of waste generated from production
operations at the FMPC was accomplished by constructing waste disposal
pits and landfill ing the waste. As a result of this practice, the FMPC
has six waste disposal pits which contain many different types of waste
including uranium, thorium, construction rubble, fly ash and various
other wastes unique to the FMPC. None of the waste disposal pits are
currently operated for the disposal of waste and all six pits are being
investigated under a sitewide Remedial Investigation/Feasibility Study
to determine what effect the pits are having on the environment. Waste
Pit 4 is unique among the six pits in that it contains an amount of
mixed (hazardous/radioactive) waste and has been classified under the
Resource Conservation and Recovery Act as a hazardous waste landfill.
For this reason the U.S. Environmental Protection Agency requested that
the U.S. DOE consider interim closure of Waste Pit 4 to prevent surface
water infiltration. To meet this request, WMCO developed the Cover for
Pit 4 project which involves placing subgrade fill onto the existing pit
surface to form a domed cap over the pit, covering the cap with 0.6
meters of clay compacted to 10"' cm/sec permeability, and installing a
1.1 millimeter reinforced Hypalon cover over the clay. This paper will
detail the design process with the associated problems and solutions and
the projected construction sequence.

INTRODUCTION

The Feed Materials Production Center is one of several facilities
that comprise the U.S. Department of Energy (DOE) defense program. The
FMPC produces uranium metal products used as feed materials in other DOE
facilities. Typical FMPC products include billets, ingots, and fuel
cores all containing various amounts of purified uranium. The FMPC is
currently being operated by the Westinghouse Materials Company of Ohio
(WMCO). WMCO has been the prime contractor at the FMPC since January 1,
1986.
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The FMPC was constructed in 1951 and has operated as a uranium
metal production facility since that time. Thirty-six years of
operations have produced a large volume of radioactive and mixed waste
that remains on-site at the FMPC. The waste has been stored in drums,
concrete silo's, and six waste pits located in the FMPC Waste Storage
Area. The pits are referred to as one through six, numbered in order of
their chronological construction. The pits range in volume from 6,881
cubic meters to 173,564 cubic meters in volume. The combined volume of
all six pits is estimated at 339,482 cubic meters. The pits contain a
variety of wastes including uranium, thorium, various types of filter
cakes, d&pleted uranium slag, scrap graphite, and fly ash.

Waste Pit 4 was constructed in 1960, is approximately 40,500 cubic
meters in volume (67,586,400 kilograms), and covers an area of
approximately 0.9 hectares. The pit is 7.3 meters deep at the deepest
point, and is lined on the bottom and all sides with 30.5 centimeters of
clay. The landfill contains all of the the wastes listed above for the
other five waste pits as well as 7.6 cubic meters (10,841 kilograms) of
a trichloride salt. This trichloride salt consists of approximately
45.0 percent barium chloride, 32.5 percent potassium chloride, and 22.5
percent sodium chloride. Under the characteristic of toxicity, this
salt is defined as a hazardous waste by the Resource Conservation and
Recovery Act (RCRA). This determination is based on a leachate
concentration of greater that 100 parts per million of barium.

Disposal of this material into Waste Pit 4 required the FMPC
declare the pit as a hazardous waste landfill. The FMPC provided
information about the disposal unit in the Part A and Part B RCRA Permit
Application submitted to the United States Environmental Protection
Agency (USEPA) and Ohio Environmental Protection Agency (OEPA). The FMPC
also began to follow the regulations established for Hazardous Waste
Disposal Units under RCRA. Even though the FMPC is considered to be an
operating facility, the Pit 4 landfill must be closed since disposal in
the landfill was terminated in 1985. The interim closure of the
landfill is being completed following the guidelines of RCRA.

In addition to the actions being taken on Pit 4 under RCRA, the
FMPC has initiated a Remedial Investigation for the other waste pits.
The Remedial Investigation will be followed by a Feasibility Study
(RI/FS) which will evaluate alternatives and provide the best method for
minimizing impact to the environment from the FMPC waste pits. The
findings of the RI/FS will affect the long-term remediation efforts for
Pit 4. The RI/FS and corresponding Record of Decision (ROD) will
establish whether excavation of Waste Pit 4 will be required or if in
place stabilization is adequate.

OBJECTIVES OF PIT COVERING

The RCRA regulations require closure of the landfill once capacity
has been reached and waste is no longer being disposed of in the
landfill. Simply stated, closure for hazardous waste landfills involves
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placing a cover over the landfill to control the amount of surface water
entering the landfill and performing groundwater monitoring to determine
if wastes are leaking from the landfill. However, the closure of Waste
Pit 4 is somewhat more complex than this.

As previously stated, the long-term remediation of Waste Pit 4
will occur once the ROD has been completed. However, existing
groundwater monitoring data has indicated that Waste Pit 4 is affecting
groundwater. Elevated levels of specific conductance have been detected
between upgradient and downgradient monitoring wells. Due to this
finding, OEPA requested that DOE construct a cover over Waste Pit 4 to
prevent surface water from entering the landfill. It was determined
that surface water that entered Waste Pit 4 was either; 1) leaking
through the clay liner on the bottom of the landfill, or 2) that surface
water was entering the landfill, becoming contaminated with the
constituents of the waste stored in the landfill, and then spilling out
of the landfill with the next ensuing rainfall (the bathtub effect).
One or both of these effects are suspected as the cause for elevated
specific conductance levels in groundwater. Construction of a cover is
intended to prevent surface water intrusion and stop the transport of
pit constituents to the groundwater.

The cover for Waste Pit 4 is also being used as a test case for
the other waste pits at the FMPC. Should the construction and life of
the cover in the short term prove successful, covering of some or all of
the remaining waste pits may be considered. Limiting the extent of
groundwater contamination is one of the FMPC's primary environmental
concerns. If the cover placed onto Waste Pit 4 causes a reduced level
of detectable contamination in the groundwater, in place covering of the
FMPC's Waste Pits will have been demonstrated as a viable option for
long-term protection of the environment.

COVER DESIGN AND CONSTRUCTION

The first step in the design of the cover for Waste Pit 4 was to
determine from the EPA what criteria must be met to ensure that surface
water would not penetrate the cover. Since the cover is intended as an
interim barrier to surface water intrusion, the EPA did not specify the
of cover thickness and type of cover material normally required for
final closure of a landfill.

Instead the EPA established that the cover shall have the following
characteristics:

1) A minimum of 0.61 meters of clay compacted in 15.2
centimeter lifts to 10'' cm/sec permeability.

2) A synthetic liner with a minimum thickness of 1.0
millimeter.
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3) Adequate grading to enhance surface water runoff.

4) Strict adherence to the liner manufacturer specifications
regarding installation and hold-down system since the liner
will be exposed to weather (wind, rain, snow, etc.}-

WMCO initiated design of the interim cover based on these three
criteria, but also with several other considerations as well.

The final design calls for fill material to be placed on the
landfill to form a crown which will provide a sloped surface for water
to run off. Then 0.61 meters of clay with 10"' cm/sec permeability will
be placed over the fill material to prevent any surface water from
entering the landfill. And finally, a 1.1 millimeter thick, reinforced
Chlorosulfonated Polyethylene (Hypalon) will be placed over the clay to
prevent surface water from ever reaching the clay. This design resulted
from the following considerations:

1) One of the main criteria that WMCO established in design of
the cover was complete coverage of the landfill. A
topographical survey was made of the existing surface and
compared to the original landfill construction drawings.
The centerline of the original 3.1 meter wide berm around
the landfill was established and the cover was designed to
extend a minimum of 0.9 meter, and an average of 3.0 meters,
beyond this centerline. The landfill is encompassed by an
asphalt road on three sides which could not be moved. This
limited the length of the cover extension in certain areas.
However, using a minimum of a 0.9 meters extension beyond
the centerline of the 3.0 meter berm, complete coverage was
achieved. This should prove more that adequate in
preventing water from migrating underneath the cover and
entering the landfill.

2) The cover was designed to minimize the amount of material
that would have to be added to the landfill to provide an
adequate slope for surface water to runoff. Since the
potential exists for having to excavate the entire pit once
the ROD is made, the amount of fill material needed to be
minimized. The existing surface of the landfill is a
shallow dome of soil surrounded completely by a earthen
berm. The earthen berm forms the edge of the landfill. The
design calls for fill material to be placed on the landfill
between the crown of the existing dome and the earthen berm.
This will provide sufficient slope to allow water to flow
from the top of the dome outward in all directions, over the
earthen berm, and into a perimeter ditch that will be
excavated around the landfill. The amount of fill material
required to provide this slope is approximately 3,250 cubic
meters. Should excavation of the landfill be required, it
is anticipated that the fill material will be handled as
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low-level radioactive waste, adding to the cost of
excavation and increasing the amount of waste for disposal.
For this reason, attempts were made wherever possible to
minimize the amount of fill material placed on the landfill.

3) The design of the landfill cover was completed with
consideration given to the surface of the waste in the
landfill. Construction of the cover must be performed
leaving the existing landfill surface undisturbed. This is
necessary because the exact depth of the current cap of soil
on the landfill is not accurately known and inadvertent
exposure of waste is undesirable. Heavy earthmoving
equipment required to transport and grade the soil on the
landfill is expected to generate dust and cause any surface
contaminants to become airborne. In order to limit the
amount of contaminants at the surface, WMCO placed a
restriction in the construction specification prohibiting
the contractor from performing any excavation or regrading
on the pit surface. The design of the cover had to
integrate the concept of achieving the desired slope for the
cover without regrading while minimizing the amount of fill
material to be added to the landfill. This resulted in a
design that calls for the placement of zero to 0.9 meters of
fill material over certain sections of the landfill. This
will provide the desired slope with minimal addition of
material.

4) The design had to accommodate the possibility of upgrading
the interim cover to a final closure cover in the event that
in place closure of the landfill is pursued. The closure
plan for this landfill depicts a two phased approach to
closure. The first phase is m cover and the second phase
consists of placing a 15.2 centimeter layer of drainage
material such as sand or gravel over the hypalon cover and
76.2 centimeters of soil over the drainage layer. This
provides 91.4 centimeters of natural cover over the hypalon
placing it below the frost line and reducing the possibility
of damage. The surface of the soil used in the final cover
will be seeded and maintained to prevent erosion. In
addition, the three percent to six percent slope of the
interim cover will be maintained to enhance surface water
runoff from the landfill.

5) The design also accommodates certain existing structures on
and around the landfrll. Several wells are located around
the landfill for the purpose of monitoring groundwater. The
wells vary in depth from 3 meters to 60 meters. The height
of each wellhead is approximately 0.6 meters above ground
level. These wells are still actively used and will remain
in use for several years. It was therefore necessary to
design the cover with as little impact to the wells as
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possible. The slope of the surface cover was altered near
the wells and the location of the perimeter drainage ditch
was established so that the wellhead height above the
surface remained at least one foot. Specific attention was
given to ensure the contractor is aware of the wells around
the landfill. The construction specifications call for the
repair or raplacement of wells damaged during cover
construction. The wells will either be flagged or painted
to enhance visibility and help prevent earthmoving equipment
from striking the wells. A series of telephone poles and
lines had to be relocated so that communications with the
FMPC Waste Storage Area could be maintained. The road which
surrounds three sides of the landfill also proved to be a
problem by limiting the amount of room available for water
to drain from the cover. Each of these structures would not
be difficult to design around if considered individually,
but taken together they resulted in several revisions to the
original design since changing one aspect of the design
always had an affect in other areas. What resulted was a
middle ground in which all structures are affected to some
degree, but none in a severely adverse way.

6) One of the primary concerns of the Environmental Protection
Agency was the ability of the reinforced Hypalon to
withstand the effects of weathering. This included the
stability of the Hypalon during a high wind situation which
can produce negative loading and pull the Hypalon from the
clay surface underneath causing it to tear. Two design
techniques were employed to prevent the Hypalon from being
torn.

The first involves securing the Hypalon into the clay liner.
The widths of the Hypalon sheets as they are placed onto the
landfill will vary from 14.6 meters to 15.8 meters. At
every other seam were these sheets are joined together, the
edge of one sheet will be placed into a trench that has been
excavated 0.3 meters into the clay. The trench will be
backfilled with clay and compacted to secure the Hypalon in
the clay. The adjoining sheet will then be welded to the
exposed surface of the sheet that is secured in the clay.
The welding is done with an adhesive. In this manner, every
30 meter width of Hypalon will be tied into the clay liner.
At the perimeter of the Hypalon, where the transition is
made from synthetic liner to soil, the Hypalon will be
secured in a trench excavated to a depth of 1.2 meters.
This extra depth at the perimeter is intended to take the
Hypalon well below the frost line. It is expected that a
large amount of water will be shed from the Hypalon and
enter the ground at the Hypalon perimeter. The anchoring of
the Hypalon below the frost line is intended to prevent the
freeze/thaw cycle from disrupting the anchor placement.
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The second design feature used to prevent the Hypalon from
blowing off the landfill surface is the placement of pillows'
on the Hypalon. These pillows are two sections of 0.6
meter by 0.9 meter panels of Hypalon welded together on
three sides and then filled with a minimum 90 kilograms of
sand. The fourth side is sealed and the pillow shaped
weight is welded onto the Hypalon surface. The pillows are
placed at 15 meter intervals over the entire cover area and
act as weights in preventing the Hypalon from being lifted
from the clay surface. With the combination of the trenched
anchors and weighted pillow hold down systems, tearing of
the liner due to winds is not anticipated.

CONSTRUCTION SEQUENCE SUMMARY

All of the criteria discussed above influenced the design of the
cover to some degree. Some of the criteria were not identified at the
start of the project which caused many changes during the design
process. However, a final design was achieved and is summarized as
follows. All organic material growing within the construction area, but
outside of the landfill boundaries will be stripped from the surface. A
perimeter ditch will be excavated around the landfill outside of the
landfill limits which will carry surface water runoff from the. completed
cover. All excavated soil and organic material will be placed onto the
landfill surface and combined with 3,823 cubic meters of fill material
(soil). The fill material will be graded to form a domed shape over the
landfill providing a three percent to six percent slope. The fill
material will be spread and compacted in 15 centimeter lifts to ninety
percent compaction with reference to standard proctor. A test strip
will then be developed over top of the fill material of the clay cover
material. The clay strip will be tested with successive rolling of
compaction equipment to determine the number of passes required to
achieve the desired permeability. The clay will be combined with the an
amount of bentonite as specified by a soils lab so that 10'' cm/sec
permeability is achieved. The lab will also specify the density
necessary to reach this permeability, and this density will be the
controlling factor in determining the number of compaction equipment
passes. The clay liner will then be placed over the fill material in 15
centimeter lifts to the depth of 0.6 meters while maintaining the three
percent to six percent slope. Approximately 5,352 cubic meters of clay
will be required to cover the 0.9 hectares of landfill to a depth of 0.6
meters. Once the clay layer is complete, the Hypalon sheets will be
unrolled and placed onto the landfill one at a time. Where specified
the clay will be trenched, the Hypalon placed into the trench, and the
clay backfilled and compacted over the Hypalon to hold it in place. All
sheets of Hypalon will be welded together and the entire perimeter of
the Hypalon will be placed into a 1.2 meter deep hold down trench. The
pillow hold down system will be installed on the surface of the Hypalon
when Hypalon placement is complete, and a vent will be placed at the cap
of the landfill. This vent will penetrate through the Hypalon and clay
to allow escape of any gases generated in the landfill. Finally, rock
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channel protection (rip rap) will be placed in the perimeter drainage
ditch where potential erosion areas exist and the remaining exposed soil
areas will be seeded with grass or crown vetch. The cover will be
inspected weekly to determine if any damage to the liner has occurred,
and the Hypalon will be tested annually for tear strength. Repairs will
be made as required.

POTENTIAL PROBLEMS AND RECOMMENDATIONS

The majority of problems encountered in covering this landfill as
part of RCRA closure related to approval of the design and approval of
the method of construction. The engineering and physical effort
involved in covering the landfill are rather simple. Maintaining
contact with the Environmental Protection Agency during the design of a
RCRA landfill cover is recommended if the project is to be completed on
schedule. Agreements with the EPA should be reviewed with the EPA at
least monthly during the design process and specific details about the
design should be presented to the EPA as they are developed. Without
these reviews, the EPA may not be satisfied with the final design and
request that modifications be made before construction begins. This
results in delays and potential cost increases that were not originally
budgeted. If the EPA is kept informed during the design process,
changes can be made as the design progresses and cost impacts are
realized before the project is bid for construction.

From a technical aspect, one of the main concerns of this
particular project was the time period for placement of the Flexible
Membrane liner. The FML sheets cannot be welded together in
temperatures of less than ten degrees Centigrade unless artificial heat
is used on the liner. And even with artificial heat, the quality of the
welding is reduced. To meet the ten degree criteria, the project
obviously had to be scheduled so that FML installation occurs on days
when the temperature rises above ten degrees Centigrade. Due to delays
in starting construction, the installation of the FML for this project
is scheduled for late November/early December. Should the weather prove
too cold to install the FML, the completed clay liner will remain
exposed through the winter until the FML can be completed in the warmer
spring weather. Erosion and damage to the clay liner is anticipated
over the winter months. Construction will be carried out at an
accelerated rate so that installation of the FML can be completed this
year. The point here is to allow enough time after the expected date of
construction completion so that if delays are encountered, the
installation of the FML can still be accomplished in warm weather.

SUMMARY

The covering of the FMPC's Waste Pit 4, a Resource Conservation
and Recovery Act hazardous waste landfill, is being completed as interim
closure of this disposal unit. The landfill is 0.9 hectares in size at
the surface and contains approximately 40,523 cubic meters of primarily
radioactive waste mixed with 0.3 cubic meters of a trichloride salt
classified as hazardous due to the barium content.
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The cover will consist of 3,823 cubic meters of fill material
placed on the landfill to form a dome shaped cap. The fill material
will be overlain with 0.6 meters of clay compacted to a permeability of
10'' cm/sec. The clay will be covered with 1.1 millimeters of
Chlorosulfonated Polyethylene (Hypalon) as the final layer of cover
material.

The intent of the cover is prevent surface water from entering the
landfill and carrying contaminants into the groundwater. The cover is
expected to last a minimum of five years when the landfill will either
be excavated, or additional cover materials are placed over the interim
cover as a final in place closure.
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SECURE SYSTEM - AN INTEGRATED WASTE MANAGEMENT TECHNIQUE

Jeffrey W. Grindstaff, Bechtel National, Inc.
Fred Feizoiiahi, Bechtel National, Inc.

ABSTRACT

The SECURE system canisters are the heart of an integrated waste
management technique developed by Bechtel for the safe disposal of
low-level radioactive, chemical, and mixed wastes. The reinforced
concrete SECURE canisters are approximately 7'-8" x 7'-8" x 8'-0"
(2.3 m x 2.3 m x 2.4 m) high with 8M (20 cm) thick walls, floor, and
cover. Additional protection is provided by a penetrating inorganic
sealant. A canister will hold eighteen drums of packaged waste or
almost 10 yd3 (7.6 m 3) of non-packaged material. A filled
canister, weighing up to 35 tons (32,000 kg), can be lifted and
handled from the four eye-nuts embedded in the top corners. Once
stacked, the canisters become interlocked to form a flexible
concrete monolith that self-adjusts to natural ground movement. The
monitoring system, referred to as the "integrity verification
system," allows for selective monitoring of the canisters. A
Topical Report with design details, descriptions, and safety
assessments of a generic SECURE waste disposal facility has been
prepared. Several canisters have been fabricated to date: one as a
prototype, one for testing, and five for actual use in LLRW
disposal. This paper will describe the SECURE system for waste
disposal with emphasis given to the SECURE canisters.
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SYSTEM DESCRIPTION

OVERVIF.W

SECURE (the acronym for "Surface/subsurface Engineered Canister
Units Retention") is an integrated waste management technique for
the safe, permanent disposal of low-level radioactive, chemical, and
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mixed wastes. In the SECURE system, incoming waste containers are
placed inside of interlocking concrete SECURE canisters (Fig. 1),
using remote handling techniques as necessary, and the voids
grouted. Once stacked for disposal, the canisters from a flexible
monolith that can self-adjust to natural ground movement thereby
resisting failures in the engineered barriers due to cracking or
subsidence (Fig. 2). Internal monitoring and leachate
collection/removal are provided by the integrity verification system
(Fig. 3), thus allowing early warning of potential problems and, if
necessary, retrieval of some or all of the waste. With its
engineered multiple barriers, including a final closure cover over
the concrete monolith (Fig. 3), the SECURE disposal facility can
exceed regulatory requirements.

DESIGN

The SECURE disposal unit is comprised of four key elements:
foundation, integrity verification system, SECURE canisters stacked
to form a concrete monolith, and final closure cover.

Foundation. The foundation (Fig. 3) is designed to (1) withstand
abrasion due to material handling, (2) support loads imparted by the
concrete monolith and closure cover, (3) keep any leachate within
the disposal area boundary, (4) rapidly percolate water away from
the monolith allowing removal by the leachate collection/removal
system, (5) separate the disposal unit into various zones for
selective monitoring, and (6) flex with the monolith without
damaging the disposal unit. As shown in Figure 3, each layer of the
foundation is designed to be non-rigid to accommodate natural ground
movement.

Integrity Verification System. The integrity verification system
(Fig. 3) provides for (1) leachate collection/removal, (2) selective
monitoring of zones within the disposal unit, and (3) early warning
of potential problems. Should a breach occur in the disposal unit,
the zonal configuration confines the breach to a given area, thus
limiting the area(s) that might be considered suspect; following
detection, the breached area, including any damaged SECURE
canisters, can be remediated without significantly disturbing the
remainder of the disposal unit.

Secure Canister. The canister (Fig. 1) is the heart of the SECURE
system. Key design features of the canister include materials of
construction, configuration, size, and retrievability. The canister
is constructed of reinforced concrete for long-term durability,
structural strength, water repulsion, intrusion protection, and
simplicity of fabrication. Canister durability is promoted by using
a carefully designed, dense, concrete mix subject to QA/QC
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verification. Furthermore, concrete permeability is reduced, and
hence durability and chemical resistance improved, by applying a
penetrating inorganic sealant to all concrete surfaces. Concrete
also has the added benefit of providing physical retardation and
delay of radionuciide migration. The nearly cubic shape of the
SECURE canister promotes efficient packing, stability, and ease of
handling. The lifting lugs permit lifting and handling fully loaded
canisters without jeopardizing canister integrity. To form the
interlocking monolith, each of the four canister legs fit into the
positive shear key in the top of the supporting canisters. SECURE
canisters are sized to accept most types of waste disposal
containers currently used by 1.LRW generators in the United States as
well as a dump truck load, nearly 10 yd3 (7.6 n»3), of
contaminated soil and debris. SECURE canisters are retrievable,
even into the institutional control period, thereby permitting waste
disposal without prejudicing future actions. For example, if for
some reason it were decided to transfer the Class C wastes from the
disposal facility to a high-level repository, the SECURE disposal
concept would facilitate this; the SECURE canisters would contain
the waste and the original waste containers so that regardless of
the condition of the waste or waste containers, they would be
retrievable within the SECURE canisters. This retrievability also
allows suspect canisters to be selectively inspected and/or removed.

Concrete Monolith. The monolith (Fig. 2) consists of an orderly,
stacked arrangement of the waste-filled, concrete SECURE canisters.
For the wastes that present a greater environmental concern (e.g.,
Class C and mixed waste), the monolith is completed by covering the
top and sides of the stacked canisters with smooth, interlocking
concrete covers to form a semi -pyramid shaped monolith. The
monolith is a non-rigid mass designed to flex during normal ground
movement without loss of system integrity. For comparison, a large
concrete disposal unit would have to be designed with sufficient
flexibility to accommodate ground movement, designed with sufficient
rigidity to be unaffected by ground movement, or be designed so that
the concrete is not considered a barrier to water or leachate. In
addition, a stack of canisters without interlocking features could
slide or shift during ground movement, resulting in damage to the
closure cover.

Final Closure Cover. The engineered final closure cover (Fig. 3) is
designed to minimize water infiltration, divert surface water, and
resist environmental degradation. The actual closure cover,
however, must be designed on a site-specific basis to accommodate
the environmental factors of a particular site.
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OPERATION

Typical SECURE system operations are centered on the preparation and
placement of the incoming waste containers in the SECURE canisters,
stacking the canisters in the monolith, and placing the final
closure cover. Facility operations are summarized below:

Receipt and Inspection. Incoming waste containers are inspected and
unloaded. The containers may then be placed directly into SECURE
canisters or may be placed in either the high-specific activity
(HSA) or low-specific activity (LSA) temporary storage areas.

HSA Encapsulation. Incoming HSA waste containers are placed by
remote means into a SECURE canister which is then filled with grout
to encapulate the waste package. The canister cover is secured in
place and sealed to the canister by a grout (different from the
grout used to fill the voids) injected inside the canister (Fig. 1).

LSA Encapsulation. LSA encapulation is similar to HSA encapsulation
except that the work area is accessible by the operator, and after
placing the LSA containers into a SECURE canister, the surface
radiation dose will be so low that operator exposures will be within
acceptable limits.

Internment. Following encapsulation, the filled SECURE canisters
are placed in the appropriate disposal unit (Fig. 2) and the
disposal unit eventually closed. Portions of the disposal unit may
be closed as they become filled and the final closure cover
installed in segments throughout facility operations. As an
alternative, an interim cover (e.g., geomembrane) can be placed over
the disposal unit during operations and even for some years beyond
the operational period, at which time the final closure cover can be
installed; advantages of this approach are that it permits more
thorough performance monitoring, easier repair of any problems
identified during operations, full advantage to be made of new or
improved closure cover technology and materials, the waste to be
more easily removed should that become necessary, initial settlement
to occur, and the final closure cover to be placed at one time.

Monitoring. The SECURE system disposal facility will be monitored
during the operation, closure, post closure, and active
institutional control periods. Monitoring of the disposal unit's
interior will utilize the integrity verification system, moisture
probes, lysimeters, and/or pressure transducers. Exterior
monitoring will include aerial surveys, infrared photography, and
walkover surveys (radiation and topography). Ground water, surface
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water, soil, air, biota, and ambient radiation will be monitored
over the entire facility and adjacent areas. Personnel will be
monitored for radiation exposure.

Maintenance. The long-term maintenance costs and liability risks
for a SECURE disposal facility are less than that of a typical
disposal facility. This is primarily because of the stability and
retrievability features of the SECURE canisters. Maintenance
requirements for the closure cover of a SECURE disposal unit are
reduced because the SECURE canisters, rather than the waste form or
waste containers, support the closure cover. In addition to being
less prone to failure, the SECURE concept makes remedial action
easier should failure ever occur.

PERFORMANCE

The entire SECURE system is capable of being characterized,
analyzed, and modeled to demonstrate the performance features and
their interaction with the environment. Based on a safety analysis
of the generic SECURE system disposal facility, the SECURE system
can be expected to exceed the performance objectives of 10 CFR 61
and to significantly reduce radiological impacts as compared to the
use of basic disposal technology. The safety analysis was conducted
using the normal and accident scenarios established in the Impact
Assessment Computer Model for 10 CFR 61 and was performed for the
four generic sites given in NUREG/CR-4370. (Topical Report for
Secure System Waste Disposal Facility. Bechtel National, Inc.,
12/04/87.)

SUMMARY

In summary, the SECURE integrated waste management technique
provides reasonable assurance that the performance objectives for
the waste disposal facility will be achieved. Table 1 summarizes
selected technical requirements for each major element of waste
disposal and lists some of the associated benefits of using the
SECURE concept. /
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"SETECTLO TECHNICAL REQUIREMENTS
AND REGULATORY BASES*

TABLE 1: BENEFITS AND REGULATORY COMPLIANCE OF SECURE SYSTEM

BENEFITS OF SECURE SYSTEM

GENERAL o REGULATORY COMPLIANCE; ENHANCED TECHNOLOGY COMPLIANCE

SITE SELECTION

SITE SUITABILITY [61.50] o COMPATIBLE W11H THE FOUR REFERENCE SITES DEFINED IN THE EIS FOR
10 CFR 61 (NUREG 0/82)

o ENHANCES A SITE'S NATURAL CHARACTERISTICS

FACILITY DESIGN & CONSTRUCTION

LONG-TERM ISOLATION [61.51 (a)(l)] o UTILIZES CONCRETE TO PROVIDE REASONABLE ASSURANCE OF LONG-TERM
ISOLATION (NUREG/CR-4714) & IMPROVED REC0VE8ABILITY

o USE OF 6 BARRIERS (WASTE FORM, WASTE CONTAINER, GROUTED VOIDS,
CANISTER WALL, CLAY LINER, AND EARTH COVER) TO REDUCE PERFORMANCE
UNCERTAINTIES

MINIMAL ACTIVE MAINTENANCE [61.51 (a)(l) & (a)(5)j o MINIMIZED SUBSIDENCE/CRACKING SINCE CANISTERS, NOT WASTE FORM,
SUPPORT COVER

00
COMPATIBLE WITH CLOSURE [61.51 (a)(2)] o COMPLIMENTS & ENHANCES CLOSURE

COMPLEMENT AND IMPROVE SITE'S NATURAL CHARACTERISTICS [61.51 (a){3)] o GROUND MOVEMENT ACCOMMODATED BY SELF-ADJUSTING MONOLITH

MINIMAL WATER INFILTRATION; WATER DIRECTED AWAY FROM WASTE;
MINIMAL CONTACT TIME BETWEEN WATER & WASTE [61.51 (a)(4) & (a)(6)]

o WATLR DIVERTED BY SITE GRADING AND ENGINEERED CLOSURE COVER
o INHERENT LOW PERMEABILITY OF CONCRETE; CONCRETE TREATED TO FURTHER

REDUCE PERMEABILITY
0 FREE DRAINING VOIDS AROUND STACKED CANISTERS
o WATER RAPIDLY REMOVED BY LEACHATE COLLECTION/REMOVAL SYSTEM
O AVOIDS "BATHTUB" EFFECT

RESISTANT TO OEGREOATION BY SURFACE GEOLOGIC PROCESS, BIOTIC
ACTIVITY, AND EROSION [61.51 (a)(4) & (a)(5)]

o GREATLY INCREASED PROTECTION DUE TO CONCRETE MONOLITH

OTHER o COMMON CONSTRUCTION MATERIALS AND TECHNIQUES
o CONSERVATIVE DESIGN
o ACCOMMODATES WIDELY VARYING SITE CONDITIONS

FACILITY OPERATIONS 4 CLOSURE

WASTE SEGREGATION [61.52 (a)(l)j o DISTINCT SEGREGATION WITHIN CANIS1ERS; IMPROVED REC0VERABILI1Y

INTRUSION PROTECTION [61.52 (a)(2)] o RISK DUE TO INADVER1LN1 INTRUSION REDUCED BY STRENGTH AND VISIBLE
WARNINGS OF THE CONCRETE MONOLITH
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TABLE 1: BENEFITS AND REGULATORY COMPLIANCE OF SECURE SYSTEM (Cont'd)
SELECTED TECHNICAL REQUIREMENTS

ANO REGULATORY BASES* BENEFITS OF SECURE SYSTEM

FACILITY OPERATIONS 8. CLOSURE (Confd)

PACKAGE INTEGRITY [61.52 (d)(4)j o CONTAINER & WASTE FORM LIVES PROLONGED WITHIN SECURE CANISTER
DUE TO PHYSICAL & CHEMICAL CHARACTERISTICS OF CANISTER

MINIMAL VOIDS [61.52 (a)(4) & (a)(5)] 0 VOIDS GROUTED WITHIN SECURE CANISTERS; NIL EFFECT DUE TO WASTE
DECOMPOSITION

o MINIMAL VOIDS AROUND STACKED CANISTERS

LIMIT RADIATION DOSE RATE [61.52 (a)(6)] o RADIATION EXPOSURE REDUCED BY LABYRINTH SHIELDING, REMOTE HANDLING,
CANISTER WALLS, ETC.

O COMPLIES WITH ALARA PRINCIPLE

"AS-BUILT" OF DISPOSAL UNITS [61.52 (a)(7)]

COMPATIBILITY BETWEEN OPERATIONS AND CLOSURE [61.52 (a)(10)]

o SURVEYS MAOE TO DISTINCT BOUNDARIES OF CANISTERS AND/OR MONOLITH

o EASE OF FILLING AROUND ORDERLY ARRANGEO MONOLITH

3> OTHER o ACCEPTS DIVERSE WASTE STREAMS
O ACCEPTS MOST CURRENT WASTE CONTAINERS USED BY LLRW GENERATORS
o COST EFFECTIVE DUE TO THE USE OF LOW-COST MATERIALS, SIMPLIFIED

SITE OPERATION, ANO LOW MAINTENANCE CARE
o MINIMAL AIRBORNE CONTAMINATION BECAUSE CONTAINERS SELDOM OPENED
o EFFICIENT BURIAL & OROERLY WASTE PLACEMENT

ENVIRONMENTAL MONITORING

PLANS FOR CORRECTIVE MEASURES [61.53 (a)] o SELECTIVE DETECTION OF RELEASE FROM EACH WASTE MODULE ALLOWING
TIMELY REMOVAL ANO RECOVERY OF FAILED CANISTER(S)

MONITORING PROGRAM DURING CONSTRUCTION & OPERATION [61.53 (c)] O LEACHATE COLLECTION AND REMOVAL; SELECTIVE DETECTION OF POTENTIAL
PROBLEM AREAS; EARLY WARNING

0 VISUAL INSPECTION OF CANISTERS/MONOLITHS UP TO TIME OF CLOSURE

POST-OPERATIONAL SURVEILLANCE [61.53 (d)] O SURVEILLANCE VIA INTEGRITY VERIFICATION SYSTEM; ENVIRONMENTAL
MONITORING; AERIAL SURVEYS AND INFRARED PHOTOGRAPHY; WALK-OVER
INSPECTIONS; MEASUREMENTS FOR SETTLEMENT; ETC.

INSTITUTIONAL CONTROLS [61.59] o INSTITUTIONAL CONTROLS REDUCED

* REFERENCES FOR REGULATORY BASES ARE FROM 10 CFR 61.
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RECESSED LIFTING EYE
FOR COVER (TYP OF 4)

EMBEDDED STEEL PLATE WITH
HOOK GUIDE IN CENTER

COVER

COVER TIE-DOWN
(TYP OF A)—\

EYE BOLT
FOR LIFTING
(TYP OF 4)

OMIT BOTTOM SHEAR
KEY FOR BASE UNITS

GROUT INJECTION
TUBE (TYP OF 4)

GROUT VENT TUBE
(TYP OF 4)

DRAINAGE TROUGH
(TYP OF 2)

GENERAL DATA
VOLUME CAPACITY = 260 FT 3

EMPTY WEIGHT
COVER 7600*
CANISTER 25000*
TOTAL 32600*

FULL WEIGHT = 70600* ,
(ASSUMES CONTENT AT I44*/FTJ)

PENETRATING SEALANT
ON ALL SURFACES

8" THICK WALL
AND FLOOR

CANISTER

FIGURE 1 - SECURE SYSTEM CANISTER
NOT TO SCALE
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FIGURE 2 - GENERIC SECURE DISPOSAL UNIT FOR CLASS C WASTE



,T

CONFIGURATION SHOWN IS PARTIALLY ABOVE ANO PARTIALLY BELOW
GRADE. DEPENDING ON SITE-SPECIFIC CONDITIONS AND REGULATORY
REQUIREMENTS, ENTIRE DISPOSAL UNIT CAN BE FULLY ABOVE OR
FULLY BELOW GRADE. U SLOPE

SECURE CANISTER UNITS

STORM SWALE (TO BE FILLED WHEN
FINAL CLOSURE COVER IS PLACED)

VEGETATION
6" TOPSOIL

18" SELECT SOIL FILL

12" GRAVEL
6" SAND/GRAVEL FILTER

36" CLAY i l£f7CM/SEC

CLAYEY FILL AS REQUIRED FOR GRADE

1OO-MIL HDPE GEOMEMBRANE

TOP CAP OF
CONCRETE MONOLITH
(MIN. 24" THICK)

COMPACTED NATURAL SOIL

CONCRETE PAD
6" D1A HDPE PIPE

6* DIA HDPE PIPE TO
SUSPECT WATER MANAGEMENT
CENTER (TO BE DISCONNECTED
ANO PLUGGED WHEN FINAL
CLOSURE COVER IS PLACED

DRY WELL (TO BE EXTENDED AS SHOWN WHEN FINAL CLOSURE COVER IS PLACED)
TOP OF FINAL CLOSURE COVER

-CONCRETE PIT (TO BE REMOVED AND REPLACED WITH ABOVE
ARRANGEMENT WHEN FINAL CLOSURE COVER IS PLACED)

:Cr "* ** * * ' ° ! *

12" GRANULAR DRAINAGE LAYER
4 ' CHOKE LAYER GRADED TO SEPARATE ADJOINING LAYERS
6 ' FREE-DRAINING SAND LAYER
4" DIA HDPE DRAIN PIPE WRAPPED WITH GEOTEXTILE
100-MIL HDPE GEOMEMBRANE
36" CLAY I 10~7CM/SEC

COMPACTED SUBGRADE

FIGURE 3 - DISPOSAL UNIT SECTION
NOT TO SCALE
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A FIELD LYSIMETER DEMONSTRATION TO EVALUATE
LAND BURIAL OF WASTES CONTAINING DEPLETED URANIUM1

R. B. Clapp2, C. W. Francis2, J. E. Cline3, and L. S. Jones4

ABSTRACT

A new strategy for disposing of production wastes from the Oak
Ridge Y-12 Plant is currently being developed. To provide data needed
to implement the new strategy, the Y-12 Uranium Lysimeter Demonstration
Project has been initiated to investigate the long-term leaching
characteristics of five priority waste types containing depleted
uranium. This report describes the field leaching component of the
project. Twenty lysimeters will be built at a site west of the Oak
Ridge Y-12 Plant during the winter and late spring of 1989. The
lysimeters are designed to provide leaching data for 50 years although
the current project is limited to 5 years. Three replicates of each
waste type will be leached in separate lysimeters under natural rainfall
conditions. The remaining lysimeters will be used for special tests
(e.g., accelerated leaching and landfill simulation). The lysimeters
will typically be 10 ft in height and 8 ft in diameter and contain about
11 yd of waste. The volume of leachate generated, the concentration of
uranium in the leachate, and other leachate characteristics (e.g., total
organic carbon, pH, and dissolved oxygen) will be monitored in order to
reveal more fully how these factors affect the leaching of uranium under
landfill conditions. These data, in conjunction with pathways models,
will be used to calculate impacts upon health and the environment that
result from land disposal of uranium-containing wastes.

work was sponsored by the Oak Ridge Y-12 Plant Waste Transportation,
Storage, and Disposal Department. The Y-12 Plant and Oak Ridge National
Laboratory are operated by Martin Marietta Energy Systems, Inc., under
contract DE-AC050840R21400 with the U.S. Department of Energy.

2Environmental Sciences Division, Oak Ridge National Laboratory,

development Division, Oak Ridge Y-12 Plant.

S/aste Transportation, Storage and Disposal Department, Oak Ridge Y-12
Plant.

425



1. INTRODUCTION

Solid waste management at the Oak Ridge Y-12 Plant has
historically centered around shallow land burial of production wastes
containing low levels of depleted uranium. A new strategy for disposing
of these wastes is being developed that directly addresses current
environmental concerns. In support of this strategy, the Uranium
Lysimeter Demonstration Project has been initiated to investigate long-
term leaching characteristics of major waste streams under field
conditions. The multifaceted project involves characterizing the wastes
in the laboratory, assessing chemical and biological toxicity of the
leachates, and monitoring leaching in the field. Exploratory leaching
tests done in the laboratory indicated a complex pattern of leaching,
which underscores the nead for leaching data under field conditions.

2. BACKGROUND

This report presents a review of the field lysimeter
demonstration, the main task within the project. The current plan calls
for the construction of the field lysimeters in the winter and early
spring of 1989. The lysimeters will be loaded with waste in late
spring, and leaching will start thereafter. Under this project the
behavior of the waste in the lysimeters will be studied intensively for
4 years, after which time the sampling schedule will be re-evaluated.
The lysimeters are designed to provide leaching data for 50 years. The
test plan for the entire project is described by Clapp et al. (1988);
however, the number of lysimeters and the time of construction have been
altered since that plan was issued.

Depleted uranium (DU) contains approximately 99.8% 238U. This
isotope is an alpha emitter with a half life of 4.5 billion years. It
can be detected from low-energy gamma rays emitted from a daughter
isotope 234Pa. The wastes containing DU are generated at the Oak Ridge
Y-12 Plant, where DU metal is machined into weapon components. In 1986,
approximately 800,000 ft3 of DU-containing wastes were disposed of
through the use of conventional landfill ing techniques in nearby Bear
Creek Burial Grounds. Recently, state regulators have required that
most wastes be stored rather than buried until a comprehensive disposal
system is developed to address environmental concerns.

Groundwater monitoring data from wells adjacent to Bear Creek have
shown only trace levels of uranium. This finding suggests (1) that
uranium is not leached appreciably from the wastes or (2) that the soil
strongly attenuates the movement of uranium in groundwater if the
element is leached from the wastes. Data from the field lysimeters will
clarify the role of leaching in the performance of existing waste
disposal facilities.
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It must be emphasized that the lysimeters will be used to leach
wastes only; there will be no soil layer beneath the wastes and no
attempt to investigate transport of contaminants through soil in this
phase of experimentation. The major reason for omitting soils is that
in the weathered, shaley soil in the vicinity of Oak Ridge, leachate can
move at high velocities through fractures and other macropores, and the
attenuation properties of disturbed soil are expected to be
significantly different from those of intact soil.

With respect to future disposal, the information gathered in this
project will be used to resolve the issue of whether or not land
disposal of untreated waste is a viable waste management option. The
information gained will include realistic estimates of uranium
concentrations (and other potential contaminants) in waste leachate
generated under actual field conditions. These data will be in-
corporated in pathways analysis models that are used to relate the
radiological content of the waste, the design of the disposal system,
and the environment to estimate a potential radiological dose to an
individual. It is expected that, over time, this project will provide
data to substantiate, refute, or modify the leaching characteristics
that are presently used in proposed pathways analysis models.

3. EXPERIMENTAL APPROACH

3.1 WASTE STREAMS

The five wastes that will be investigated in the lysimeter project
are identified in Table 1. None of these is classified as a hazardous
waste under the Resource Conservation and Recovery Act (RCRA); and, all
have low levels of uranium contamination with the exception of uranium
oxide, which is produced by the burning of machine turnings and metal
chips of pure DU. The uranium oxide was selected for investigation
because of its importance to remedial action activities in the Bear
Creek Burial Ground. Large quantities of elemental uranium have been
buried there, and a large, though unknown, fraction has undergone
spontaneous oxidation. Leaching data for uranium oxide will be used in
performance models of Bear Creek Burial Ground.

3.2 TEST PLAN

Wastes will be leached in 20 lysimeters to be built at a site in
Bear Creek Valley just west of the Oak Ridge Y-12 Plant. Table 2 shows
which wastes will be loaded into the each of the field lysimeters. The
rationale for the experimental design are given below. All wastes will
be leached with natural rainfall except where noted.

Three lysimeters will be used to simulate the main feature of a
conventional landfill. Specifically, the effect of covering wastes with
soil as prescribed by EPA for the day-to-day operation of an industrial
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Table 1. Wastes from the Oak Ridge Y-12 Plant to be leached

Wastes Waste description and source

Production trash

Mixed metal chips

Composite waste

Uranium oxide

Soil and building debris

Mixtures of blotter paper, floor
sweepings, and shoe scuffs

Metal turnings and particles of
steel, stainless steel, aluminum,
and nonferrous alloys, most with
machining oil

Mixtures of production trash and mixed
metal chips, plus air filters and
pieces of wood

Powdery to granular residual from the
Uranium Chip Oxidation Facility

Soils, concrete, and construction and
renovation materials, often related
to decontamination work

Test

Landfill

Accelerated
Leaching

Monofill

Monofill

Codisposal

Monofill

Monofill

Control

Table 2. Lysimeter

Waste type

Composite
(with soil layers)

Composite

Production trash

Mixed metal chips

Composite trash

Uranium oxide

Soil and building debris

Soil (Conasauga shale)

design

Replicates

3

3

3

3

3

3

1

1

Type of water
application

Rainfall

Rainfall x 5

Rainfall

Rainfall

Rainfall

Rainfall

Rainfall

Rainfall
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landfill will be investigated. The composite mixture of wastes will be
placed in layers approximately 2 ft deep and separated by 6- to 10-in.
layers of soil. The clay fraction in the soil is known to adsorb
uranium, but the total sorptive capacity and the dynamics of this
immobilization mechanism are unknown at the field scale.

A set of three lysimeters containing the composite waste will be
leached in an accelerated manner by adding water. The purpose is
twofold. First, these units will represent one of the proposed disposal
methods that is intended to remove the readily soluble fraction of
uranium. Results will indicate whether this method is practical.
Second, these units may provide a method for accelerating the effects of
time. This is the basic concept of the liquid-to-solid (L/S) model of
leaching. The L/S model is an empirical model used to characterize the
loss of certain heavy metals from fly ash by leaching (see Chapelle
1980, Turner et al. 1983, and Francis et al. 1988). When the model is
applied to field conditions, the volume of leachate that fluxes through
the waste in the laboratory is directly related to time.

For these lysimeters, it is recognized that not all of the factors
affecting uranium solubility will be scaled accordingly. For instance,
added water may produce microorganisms that acidify the waste mass, and
the methane-C02 regime that is typical of a landfill may not occur. An
acid regime would slow the decomposition process and affect biological
reduction of uranium in unpredictable ways. Temperature and the
composition of pore gases will be monitored to assess the microbiotic
regime.

For the accelerated leaching, the lysimeters will be covered to
eliminate rainfall infiltration, and water will be added at an annual
rate equivalent to five times the average annual rainfall of 55 in.
The three units will receive the same amount of water intermittently to
simulate wetting and drying cycles in a landfill. Applications will
occur in early spring, summer, and fall, and they will last
approximately 2 weeks. In order to lessen the demand on the supply
well, the three lysimeters will be irrigated successively. Applications
will not occur in winter so that supply lines can be drained to avoid
freeze-related problems. It is anticipated that the accelerated
leaching studies will be terminated (subject to review of the data)
after 4 years of leaching.

Six lysimeters will contain segregated wastes: three will contain
production trash, which consists mainly of biodegradable material, and
three will contain mixed metal chips. "Mixed" refers to the combination
of aluminum, steel, and other alloys that are slightly contaminated with
DU, not to mixed hazardous-radioactive waste. These lysimeters will
provide information on the two prime mechanisms for immobilization:
biological and chemical reduction. If uranium is maintained at the +4
valence or lower, then the solubility of the uranium is low. Three
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lysimeters will be loaded with composite waste to serve as a reference
for the interpretation of the landfill test, the accelerated leaching
test, and the monofilI/segregated wastes test.

A single lysimeter will be loaded with contaminated soil and
building debris that is typical of the decontamination waste generated
at the plant. Because the testing is limited to 20 lysimeters, leaching
of this waste type was judged to be least important to replicate.

To determine the background concentrations of uranium and other
potential contaminants in the groundwater leachate that is generated as
a consequence of natural rainfall, a single lysimeter filled with a
subsurface soil from Bear Creek Valley will be used.

3.3 LYSIMETER DESIGN

The engineering design for the lysimeters is similar to that used
at the Pacific Northwest Laboratory (Walter et al. 1984). The site
selected for the lysimeter facility was chosen because it is
uncontaminated, close to electrical power, moderately sloped, accessible
to the Oak Ridge Y-12 Plant, and reasonably secure. The location is
west of the plant, east of the Bear Creek Burial Ground, and adjacent to
the New Salvage Yard.

In the original plan (Clapp et al. 1988), three arrays of
lysimeters were to be built during 1988; however, because of budgetary
constraints, the project was scaled down. Only arrays B and C in Figure
1 will be built, and array A may be constructed later. In array C,
three smaller (3-ft diameter) lysimeters will replace one of the
standard units. The smaller units will be loaded with uranium oxide, a
type of waste that is relatively homogeneous.

Figure 2 shows a cross-sectional view of the lysimeters and the
central core. The standard lysimeter is 8 ft in diameter and 10 ft
high. At the bottom will be 1 ft of gravel, a porous geotextile, and
about 6 ft of waste. The top layer will be composed of 2 ft of soil
(Conasauga weathered shale) and 6 in. of rock mulch to reduce
evaporation and prevent growth of vegetation. For the accelerated
leaching, the lysimeters will be extended upward by an extra 4 ft and
covered at the top. A single sprinkler head will deliver the water.

3.3.1 Loading the Lvsimetsrs

An operating plan for the lysimeter facility will identify (1) a
schedule for stockpiling the wastes to be loaded, (2) the location for
storing them, and (3) the methods to be used to measure both the uranium
concentration and the density of the wastes. Uranium concentration in
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Fig. l. Site location map for the Uranium Lysimeter Facility.
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the waste will be measured by gamma counting in dumpster pans, each
having a 12-yd3 capacity, and in new curie box counters, which are used
for 30-gal trash bags of waste. Methods will be devised to compact the
waste at prescribed pressure. During loading operations, continuous air
monitoring will be implemented. Measures will be taken to minimize
cross contamination of the lysimeters and to avoid contamination of
working surfaces and soils from the uranium oxide.

3.3.2 Leachate Sampling

After the loading of the lysimeter is completed, manual sample
collection will begin. The leachate collection system will be inspected
after storm events resulting in 1 in. of precipitation during a 24-h
period and will be checked at least once weekly. Leachate will be piped
from the bottom of each lysimeter into a 55-gal collection tank that
will fill until a float valve restricts inflow. During sampling the
system will have a meter attached to measure temperature, specific
conductivity, dissolved oxygen, and pH. After it is sampled, the 55-gal
aliquot will be released to the drain system that leads to a group of
6OO-gal collection tanks located on a lined gravel pad southeast of the
facility. All waste leachate drained from the sampling tanks will be
transported in containers to the West End Treatment Facility of the Oak
Ridge Y-12 Plant and treated to meet acceptable discharge criteria prior
to release.

To supplement leachate characterization, sample portals will be
located at depths of 2, 3.5, 5, 6.5, and 8.5 ft from the top edge of the
lysimeter. These portals will be used for the placement of suction
candles or gravity flow solution samplers, tensiometers, and
thermocouples. Pore water pressure and temperature at the sample
portals will be recorded monthly to provide an index of the wetness and
biological activity of the wastes. However, no attempt to evaluate the
moisture characteristic curve for the, heterogenous wastes is planned. A
plan for sampling pore water from selected lysimeters will be developed.
Sampling must be limited to keep the workload manageable and to keep
analytical costs reasonable.

Although the principal objective in conducting field lysimeter
studies is to understand the long-term leaching characteristics of
uranium from selected wastes under field conditions, a secondary
objective is to determine if disposal of a waste might generate a
leachate considered hazardous as defined by RCRA regulations governing
groundwater quality.

During the first year, background concentrations will be determined
from the control leaching lysimeter on a quarterly basis. At the same
time, concentrations in leachate from each of the waste lysimeters will
be compared to background concentrations to determine water quality.
After the first year, leachate will be monitored in a mariner similar to
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that used to monitor groundwater at RCRA hazardous waste landfills.

A monitoring plan has been developed to detect contamination in the
unlikely event of a leak or spill. The plan has two components:
groundwater monitoring and soil/sediment monitoring. Seven new
monitoring wells will be installed with screens set in the vicinity of
the water table (20-40 ft deep). Groundwater" and soils/sediments will
be monitored quarterly. In addition, there will be special survey of
the soils surrounding the lysimeter before and after the loading of
wastes into the lysimeters so that possible contamination during this
phase can be evaluated.

4. DISCUSSION

As presently planned, this project is narrowly focussed on
providing data that describe the leaching of uranium from production
wastes disposed in field-sized lysimeters at the Oak Ridge Y-12 Plant.
Other data and information are needed to generalize the results for a
wider range of wastes and leaching conditions. For example, the wastes
at the Oak Ridge Y-12 Plant can be expected to change as the plant
changes its fabricated products, production techniques, and possibly
pretreatment of wastes; thus, it is necessary to be able to generalize
from the leaching behavior measured in this project to the behavior of
other types of waste. Fundamental batch-type experiments are needed to
quantify interactions between biodegradable, uranium-containing wastes
and microbes. Furthermore, this information should be incorporated in
geochemical modeling codes in order to predict uranium leaching.
Several sophisticated models of uranium geochemistry exist, but they
will not be used in the present project because of the uncertainty
caused by the effects of biodegradation.

Quantification of data is also needed for understanding the
transport of uranium in the weathered shale, where low-level waste is
typically disposed of at the Oak Ridge Y-12 Plant. The preferred method
is to recover a large intact soil block and to perform laboratory
transport experiments using actual leachate from either the lysimeters
or laboratory batch leach tests. Experiments must provide a method of
maintaining soil gas conditions so that oxidation does not occur
inadvertently.

In summary, the Uranium Lysimeter Project will provide realistic
data on leaching of production wastes generated at the Oak Ridge Y-12
Plant. The test plan emphasizes the effects that conventional
landfill ing, accelerated leaching by the addition of water, and
biological versus chemical reduction have on the mobilization of
uranium. The test plan also provides for replication. Leaching will be
conducted in 20 lysimeters with approximately 11 yd of waste in each
unit. Leaching will commence in the late spring of 1989, with intensive
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sampling for the ensuing 4 years. Thereafter, these units will be used
to provide data for up to 50 years. Because of the extensive
environmental safeguards incorporated into the design of the project,
the operating procedures, and the evironmental monitoring, the overall
approach could be applied to the leaching of other wastes containing
radionuclides or hazardous components.
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ABSTRACT

The diffusion of CO2 through crushed tuff, bentonite and a
crushed tuff/bentonite mixture was measured for two diffusion lengths.
The ability of CO2 to penetrate a microsilica-containing cement
proposed for repository use was also examined. The specimens were
subjected to uniaxially-applied compressive loads prior to the diffu-
sion tests to simulate the onset of environmentally-induced microcracks.

Based on these experiments, the apparent diffusion coefficients
for the soil-based media were as follows: crushed tuff, 1.73 ± 0.26 x
10'2 cm2/s; bentonite, 1.56 + 0.61 x 10"2 cm2/s; and the crushed
tuff/bentonite mixture, 1.77 ± 0.13 x 10' 2 cm /s. These values
correspond roughly to breakthrough times of 5 and 10-15 min respec-
tively for the 6.5- and 23-cm thicknesses studied. No significant
differences in the diffusion coefficients measured at different
diffusion lengths were detected. Percent recovery tests conducted on
the 6.5-cm tuff columns resulted in a recovery level of 98 ± 5%. This
result was interpreted as evidence that the CO2 was not adsorbed on
the tuff or the other materials with which it came in contact.

With respect to the cement studies, the penetration of •*• CO2
through microfractured discs was, in all cases, limited to the upper 1
mm of the specimens tested. Serial sampling of the diffusion cells and
pH testing of the cement surfaces indicated that the CO2 was consumed
by the reaction of CO2 with free Ca(0H>2 in the cement to form calcite
(CaC03). The formation of the calcite apparently acted as a chemical
and/or physical barrier to CO2 migration. Only when a disc was
completely fractured could significant penetration of CO2 be
observed.

The results suggest that the presence of a tuff- or bentonite-
based backfill would not significantly affect CO2 release rates from
a repository. Conversely, CO2 diffusion through simulated cement
seals can apparently only occur after severe physical damage has been
induced. These results may have implications for the ability of a
repository to comply with the applicable regulatory release limits for
C-14.

INTRODUCTION

The Yucca Mountain site in Nevada has recently been chosen to
become the nation's first high level radioactive waste repository (1).
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Crushed tuff has been proposed for use as a backfill material for the
site (2). Other backfill media under consideration include bentonite
and a mixture of bentonite and crushed tuff (3-5). In addition, the
current repository design calls for the extensive use of cementitious
materials as shaft seals and plugs (2,6,7).

Because the repository horizon is located in an unsaturated zone,
the potential liberation of gas-phase radionuclides from the site
during the controlled release period is a significant concern. Based
on its long half-life as well as its physical form and location within
the spent fuel canister, the radionuclide for which off-site gas
transport is most plausible is C-14. Quantitative studies of the
movement of gaseous C-14 through barrier media therefore need to be
performed.

This research evaluated the migration of CO2 through four
potential repository barrier media: crushed tuff, bentonite, a 10%:90%
by weight mixture of bentonite and crushed tuff, and a microsilica-
containing cement. The first three media were tested in lengths of 6.5
cm and 23 cm in sealed glass columns which were fabricated in the
authors' laboratory. Microsilica cement discs 1-cm thick and 7.62-cm
in diameter were subjected to compressive loads to generate microfrac-
tures and then tested in sealed chambers to study CO2 penetration.

METHODS AND MATERIALS

Figure 1 is a drawing of the two-chamber closed-system test column
used in these studies. Prior to loading the column with the barrier
media the walls of the column were coated with high vacuum grease to
minimize the transmission of gas down the glass/media interface. The
piston assembly shown in the figure served to prevent diffusion during
the charging process and to provide a clear experimental starting
point. All seals used in each unit were composed of a 100% silicone
rubber sealant and were allowed to cure for 24 hr before being leak-
tested. The length of the leak test period varied from column to
column but was never less than two times the length of the diffusion
study for which the column was used.

The l COj) was contained in a pressurized gas cylinder which upon
release provided a nominal C concentration of 13 nCi/cc at room
temperature and pressure. Each column was charged by purging the upper
head space with CO2 for four minutes. Flow of the COo was
controlled by a brass needle valve at a nominal flow rate of 100
cc/min. At the beginning of each experiment the upper head space
contained approximately 0.7 microcuries of C.

Immediately after charging the column, the stopcocks were closed
and covered with self-sealing rubber septa. Collection of a 5-cc gas
sample was achieved by opening a stopcock and inserting the needle of
the sampling syringe through the septum and the stopcock borehole. The
lower head space was sampled first to verify that negligible COo had
been Introduced into the bottom of the column by contamination or
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Figure 1. Experimental Arrangement for Barrier Media Studies.
(A) standard wall glass tubing; (B) rubber gasket;
(C) barrier media; (D) polyethylene sleeve;
(E) plexiglass plate; (F) rubber gasket; (G) 2~mm
borehole standard glass stopcock; (H) flow meter;
(I) 60-pm screen; (J) self-sealing rubber septum.

convection. The procedure also provided a reliable baseline value for
the lower head space. The gas sample withdrawn from the column was
then discharged directly from the syringe into 10 mL of a 1 M K.OH
trapping solution. The sampling procedure was then repeated for the
upper head space to determine the initial source term concentration.

The diffusion study was initiated by slowly withdrawing the
piston. Samples were collected at a minimum of 5, 10, 15, 30, 60, 90
and 180-min intervals. The final duration of an experiment varied as
testing was usually continued until concentration equilibrium had been
achieved in the lower head space. One-mL aliquots of the KOH solutions
produced experimentally were transferred to vials containing 15 mL of a
liquid scintillation counting solution.

The backfill materials subjected to the diffusion tests were
studied as received with respect to moisture content. The bentonite
used was 13T grade with a moisture content of 8-11% by weight. Cores
of tuff from Yucca Mt. borehole UE25A#1 were provided by Los Alamos
National Laboratory. The initial moisture content of the tuff was 4%
by weight. The cores were crushed with a sledge hammer and then ground
with a microanalytical mill. A 10:90% by weight mixture of bentonite
and crushed tuff was also studied and was prepared by hand mixing the
two materials in a large surface area plastic tray.
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Figure 2 is a drawing of the chamber that was constructed for
testing the diffusion of CC>2 through cement sections. The test cells
were composed of polyvinyl chloride pipe sections with plexiglass
plates serving as tops and bottoms. As before, all seals were made
using a 100% silicone rubber sealant.

The cement discs were produced using a modification of the mix
design suggested for us? in a repository located in tuff (7). The
specific mix proportions used generated water/cement ratios of 0.52 and
were as follows: Type I cement, 2.54 kg; Type F fly ash, 0.64 kg;
sand, 2.59 kg; water, 1.32 kg; and silica fume, 0.54 kg. All specimens
were prepared in accordance with the procedures specified in the ASTM
Standard, "Method of Making and Curing Concrete Test Specimens in the
Laboratory" (ASTM C192-69) (8). The cement was placed in standard 3 in
x 6 in cylindrical molds and allowed a 24-hr initial set period. The
specimens were then demolded and subjected to a 7-d moist curing
period. The cylinders were capped and subjected to uniaxial compres-
sive loading at a rate of 6,810 kg/min. Three cylinders were loaded to
failure. The two remaining cylinders were loaded to 60% of that
strength in order to induce microcracking.

A masonry saw was then used to cut three 1-cm thick sections from
the cylinders. The sections were then sealed in place in the diffusion
chambers as shown in Figure 2. Inasmuch as the diameter of the cement
disc was greater than that of the diffusion cells, it was necessary to
provide an additional seal for the protruding annulus of the disc. To
provide such a seal a parafilm covering was wrapped radially around the
disc and sealed to the external surface of the diffusion cells with
silicone rubber sealant. As an added precaution, vinyl plastic
electrical tape was applied over the parafilm cover. Leak testing of
the diffusion chambers, charging of the upper head space with CO2,
sampling of the upper and lower head spaces and analysis by liquid
scintillation counting were all performed as described above for the
other barrier media. Samples were collected daily for two weeks. A
second experiment was performed in which an entirely new set of cement
discs were subjected to a compressive load equal to 85% of the failure
load. The experiment was terminated at the one day sampling point when
that assay indicated that no radioactive gas remained in the source
chamber.

At the time the diffusion tests were terminated in both
experiments the depth of CO2 penetration was evaluated by applying a 5
g/L solution of phenolphthalein to both the upper and lower surfaces,
and to areas within the specimens exposed by quartering the discs.
This procedure gave a pH profile of the entire thickness of a specimen.

To ascertain the effect that a more drastic insult to the mortar
might have, a zone of fracture was generated by cleaving a disc into
two approximately equal halves. The two halves were carefully fitted
back together and held in place with vinyl plastic electrical tape.
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Figure 2. Experimental Arrangement for Cement Studies.

(A) polyvinyl chloride pipe section; (B) plexiglass plate;
(C) 2-tnm borehole standard glass stopcock; (D) flow meter;
(E) cement specimen; (F) parafilm covering; (G) self-
sealing rubber septum.

The disc was then subjected to the same diffusion tests described
above. The experiment was terminated at an elapsed time of 3 hr when
the serial assay procedure revealed that concentration equilibrium had
been achieved in the lower head space.

RESULTS AND DISCUSSION

The concentration profiles resulting from the sampling of the
upper and lower head spaces of the crushed tuff, bentonite and the
bentonite/crushed tuff columns are shown in Tables 1, 2 and 3. As can
be seen from the tables, the •*• CC>2 moved rapidly through all three of
the barrier media tested. Concentration equilibrium was achieved in
about an hour for the 6.5-cm columns and in about three hours for the
23-cm columns.

Diffusion patterns were plotted in terms of r, a dimensionless
time, versus the fraction of the CC>2 activity that had migrated
through the barrier media by time t, Ct/Co> Figure 3 is an example of
this type of plot for the 6.5-cm crushed tuff experiment. This
approach made graphical solutions to the diffusion coefficients
possible, but required that the air-filled porosities of the various
barrier media be determined. Air-filled porosity measurements were
made pursuant to the volumetric method presented by Hillel (9) and
yielded the following values: bentonite, 0.62; crushed tuff, 0.39; and
crushed tuff/bentonite, 0.40.

The diffusion curves were generated from the data using the
software package DISSPLA. All curves were characterized by a linear
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Table 1. Ratio of 14CC>2 Concentration in Lower
to Upper Head Space for Crushed Tuff.

TIME (MIN) 6.5-CM COLUMN 23-CM COLUMN

5
10
15
30
60
90
120
180

0.038
0.181
0.260
0.309
0.363 _
0.399 +
0.358 +
0.366 +

Table 2. Ratio of

0.001
0.004
0.019
0.060
0.028
0.020
0.036
0.011

0.013
0.022
0.052
0.122
0.213
0.249
0.249
0.278

0.005
0.003
0.003
0.009
0.010
0.016
0.011
0.008

14CO2 Concentration in Lower
to Upper Head Space for Bentonite.

TIME (MIN)

5
10
15
30
60
90
120
180
240

Table 3.

6.5-CM COLUMN

0.042 + 0.006
0.127 + 0.017
0.148 + 0.007
0.168
0.188
0.186 _
0.187 +
0.171 +

+ 0.014
± 0.010
± 0.015
0.006
0.007

23

0
0
0
0
0
0

-CM

.016

.050

.073

.074

.082

.083

COLUMN

0
0
0
+
+
+
+
+
+

0.009
0.015
0.022
0.019
0.020
0.016

Ratio of CO2 Concentration in Lower to Upper
Head Space for Bentonite/Tuff Mixture.

TIME (MIN)

5
10
15
30
60
90
120
180
240

6.5-CM COLUMN

0.025
0.191 _
0.255 + 0.011

± 0.006
+ 0.033

0.305 +
0 .358
0 .385
0 .383 +

0.009
0.016
0.017
0.016

0.363 + 0.013

23-CM

0.009
0.017
0.061
0.144
0.195
0.220
0.245
0.083

COLUMN

0
+ 0.001
± 0.001
± 0.002
+ 0.009
± 0.003
+ 0.007
+ 0.004
+ 0.016

region of substantial slope representing the active diffusion stage
followed by a region of negligible change Indicating the approach of
+C02 concentration equilibrium in the column. Apparent diffusion

coefficients, given in Table 4, were determined graphically by an
adaptation of the method developed by Sallam et al. (10). The method
makes use of the linear relationship that exists between Ct/CQ and r
when r is defined as Dgt/aL , a dimensionless variable incorporating
the following components:
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o
Dg - the apparent diffusion coefficient, cm /s
t - the time of the measurement, s
a - the air-filled porosity, cnr/cnr and
L — one-half the diffusion length squared, cm .

When one has established the slope and the y-intercept of the best-fit
line for Ct/Co - mr + b, an experimentally-determined value for Ct/CQ

provides a straight algebraic solution to r. The parameter of
interest, Dg, then follows from the relationship r - Dgt/aL in which
Dg remains the only unknown. All diffusion coefficients were
determined using this technique and were reported as average values for
a minimum of three replicates ± the standard error at the 95%
confidence level.

A two-tailed Student's t test at the 95% confidence level was
conducted on the data sets for the 6.5 versus the 23-cm lengths of each
barrier media. No statistically significant differences were found
between the diffusion coefficients measured at different diffusion
lengths. This result was consistent with the common assumption that
gas diffusion coefficients are essentially independent of diffusion
length (11).

Table U. Apparent Diffusion Coefficients (cm /s x 10 ).

Column

6.5
23
X

Length

cm
cm

1

1
1.
1.

Jentonite

.29 :

.82 i
56 i

t 0.
t o.
I- 0.

.19

.58

.61

Crushed

1
1
1

.78 +

.68 ±

.73 +

T u f f

0 . 1 4
0 . 0 8
0 . 2 6

B e n t o n i t e / T u f f

1
1
1

.73

.80
77

± 0 .
± 0 .
+ 0.

07
11
13
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Because o her experimental data on CO2 diffusion through the
media studied aie not known to be available, the accuracy of the
diffusion coefficients established in this research was evaluated by
comparing the results with empirically-derived estimates. The Penman
(12) and Marshall (13) methods of estimating diffusion coefficients for
gas movement through porous media were used. The diffusion coeffi-
cients generated by both methods are based primarily on air-filled
porosity values and are shown in Table 5. Though slightly higher in
magnitude than the experimentally-determined results, the estimates
confirm that the diffusion coefficients reported here are acceptable
first approximations.

Table 5. Empirically-estimated Diffusion Coefficients (cm2/s x 10 2).

Model Bentonite Crushed Tuff Bentonlte/Tuff

Marshall 7.5 2.1 2.3

Penman 6.3 3.6 3.8

A percent recovery test was conducted using the 6.5-cm tuff
columns to study whether appreciable CO2 was adsorbed on the
diffusion media. The test consisted of serially sampling the lower
head space as previously described. At the time the diffusion test was
terminated a sample was also withdrawn from the upper head space. The
amount of CO2 remaining in the medium was then estimated by assuming
that concentration equilibrium existed in the pore structure of the
medium at the time the test was terminated. The total C activity in
the medium was estimated by calculating the total pore volume. Based
on three replicates the average recovery was 98 ± 5%. This value
suggests that appreciable C-14 was not absorbed on the tuff, the rubber
piston, the rubber sealant or the glass walls. The data also showed
that negligible C loss resulted from the sample collection and assay
procedure followed.

With respect to the cement studies, serial sampling of the lower
head spaces of the diffusion cells for both the 60% and 85% pre-
stressed specimens did not detect CO2 at any point in time during the
diffusion tests. In each case the net sample count was less than three
times the standard deviation of the background count. There was
evidence that the movement of CO2 through the cement was limited to
the upper 1 mm of the discs. Based on the consumption of CC>2 in the
reservoir and the pH test results it appeared that calcite formation
had occurred over the surfaces of the discs exposed to the CO2. The
5 g/L solution of phenolphthalein used as a pH indicator was applied to
all of the outer surfaces of the discs and to interior areas exposed by
quartering the specimens. Without exception, only the surfaces of the
discs exposed to CO2 showed reductions in pH indicating the presence
of calcite.

It is suggested that the calcite served as a physical and/or
chemical barrier to ^CC^ migration. The C02 + Ca(OH)2 - CaCO3 + H2O

444



reaction is known to result in a 17% increase in volume (14). The
volume expansion perhaps then closed the upper openings of any micro-
cracks generated within the test specimens.

Based on this research, CO2 is not likely to significantly
penetrate a cement seal or plug except in those cases where
catastrophic physical damage has occurred. For a disc with a complete
fracture, though, the movement of * CO2 is quite rapid. As shown in
Table 6, COo penetration through a broken disc occurred within
minutes. The implication then for the use of cement in a repository as
a ^C02 barrier is that its long-term durability must be established if
cementitious materials are to be relied on extensively for containment
of gaseous C-14.

Table 6. Ratio of ^CC>2 Concentration in Lower to Upper
Head Space for a Completely Failed Cement Disc.

C/Co ± the Counting
Time (min) Error at the 95% C.L.

0 0.031 ± 0.002
5 0.101 ± 0.003
10 0.104 + 0.002
15 0.128 + 0.003
30 0.156 + 0.003
60 0.181 ± 0.003
90 0.192 ± 0.003
120 0.195 + 0.003
180 0.187 + 0.003

SUMMARY AND CONCLUSIONS

The diffusion coefficients determined in this study are comparable
to predictions in the literature for similar gas-barrier systems. The
ease with which the gas moved through the media and the results of the
percent recovery test suggest that neither crushed tuff, nor bentonite
nor a mixture of the two is an effective sorption or retardation media
for CO2. Consequently, their use as a borehole and/or emplacement
drift backfill would have a negligible effect on the rate at which

CO2 liberated by failed waste packages would migrate from the site.
However, the use of other barriers along the pathways available for C-
14 migration may prove effective at controlling CO2 releases. In
this study of CO2 migration through a microsilica cement, the
formation of a protective calcite barrier apparently prevented CO2
migration. This effect was observed in specimens subjected to
compressive loads approaching the strengths of the cement discs. Only
when a specimen was subjected to a load resulting in visible physical
damage was CO2 migration observed. It is therefore concluded that
the design strategy of the repository should emphasize the use of
cement seals and plugs for CO2 retention, but more information
regarding probable cement lifetimes and likely failure patterns should
be gathered.
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ABSTRACT

The quality assurance requirements in use today for radioactive waste facilities,
geologic repositories and hazardous waste projects were developed initially for the
nuclear power plant industry, and their intent is being applied by regulations and
guidance documents to radioactive and hazardous waste programs. The wording of
the NRC quality assurance requirements in Appendix B of 10CFR50, the related
guidance documents and the industry's ANSI/ASME NQA-1 were developed over a
period of several years to address quality assurance for the design and construction
of the complex and interactive systems to produce electrical power using nuclear fuel.
Now, those same documents are the basis for the quality assurance requirements and
guidance for waste management facilities and repositories. The intent of Appendix
B of 10CFR50 and NQA-1 can easily be applied to waste projects, providing one
understands and uses the intent of the requirements. This paper describes the intent
of existing QA requirements as they apply to radioactive and hazardous waste
programs. Methods of ensuring that the quality assurance program design will be ac-
ceptable to DOE and regulatory agencies are illustrated.

INTRODUCTION

The wording of the quality assurance requirements in use today for radioactive waste
programs by the Department of Energy (DOE), the Nuclear Regulatory Commission
(NRC), and Agreement States was developed over a period of years to address quality
assurance for the design and construction of the complex and interactive systems to
produce electrical power using nuclear fuel. Managers of radioactive and hazard-
ous waste programs can effectively apply these same requirements to radioactive or
hazardous waste programs by understanding the intent of the requirements. Any
attempt to apply the letter of these requirements to radioactive or hazardous waste
programs can result in some misunderstanding and misapplication of controls. This
paper addresses an effective approach for the development and implementation of
a quality assurance program using the intent of the 18 criteria of either Appendix
B of 10CFR50 or ANSI/ASME NQA-1.

What Do You Do First?

Perhaps it is wise to state what you do aoj. do first. You do not develop and imple-
ment an effective quality assurance program by starting with each of the 18 criteria
and determining how it applies. This is the usual practice of people who wish to
develop a quality assurance program for only that work which the regulator will
overview. There is sufficient bad experience in the design and construction of
nuclear plants as well as some present day radioactive waste programs to dissuade a
competent program manager from that approach. An NRC publication entitled "Im-
proving Quality and the Assurance of Quality in the Design and Construction of
Nuclear Power Plants" (NUREG 1055) provides a summary of quality problems and
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their root causes experienced by the nuclear power plant industry. Managers of
radioactive waste programs could learn how not to approach quality assurance by
reading this document.

The successful program manager will first determine and list what program objectives
must be met. The list will include technical performance objectives and administra-
tive objectives. Consideration will be given to necessary internal and external
interfaces such as interface with regulators, legislative groups, intervenors, local
citizen groups, and appointed technical overview committees. Once the total job is
understood and can be articulated by the program manager, the organization can be
structured, functions can be assigned, and plans can be formulated which integrate
the actions to accomplish the objectives. When the objectives are clearly stated, the
organizational structure established, functions, including interfaces, assigned, it is
time to use the 18 criteria of NQA-1 or Appendix B of 10CFR50. The criteria should
serve as a checklist of items that the nuclear industry and regulators have found to
be important ingredients of an effectively implemented quality assurance program.
All 18 may not apply to a given program, or the program manager may wish to
apply more controls than arc included in a specific criterion. The controls included
in the 18 criteria should be considered as minimum. The program manager can best
decide what additional controls are needed because of circumstances surrounding his
or her program.

The quality assurance program is developed by the actions just described and should
be documented in a quality assurance program description (plan) and implementing
procedures.

What distinguishes the effectively designed and implemented quality assurance
program?

The single most important characteristic of an effective quality assurance program
is a project manager who accepts full responsibility for the quality of the end
product and has carefully assigned the achievement and assurance of end product
quality to a capable and trained staff. A second key element characterizing an
effective quality assurance program is the careful planning and preparing of proce-
dures for activities to accomplish the technical and administrative objectives. Such
planning and procedures will be formalized, reviewed and approved by the project
management prior to start of work activities. A third vital ingredient characterizing
an effective quality program is the design and use of "sensors" in the management
systems to permit "real-time" measurement of the effectiveness of implementation of
the planned actions and timely adjustment of management controls to correct for
anomalies. This ensures that performance objectives are realized and that accomplish-
ment can be demonstrated.

The effective quality assurance program will provide for the documentation, plann-
ing, direction and control of activities that accomplish the performance objectives
and provide documentation to demonstrate to interested parties that performance
objectives were acceptably accomplished.

I will use a simple management control diagram to demonstrate what I mean when
I use the term, "an effective quality assurance program."
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Management Control Cycle
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I think the term "quality program" is more fitting, as adding the word assurance can
cause some confusion, but since Appendix B and NQA-1 use Quality Assurance Pro-
gram, so will I.

This diagram could be used to describe any project, agency or company. I could use
this diagram to describe the quality assurance program used by a police department,
a hospital or a radioactive waste project. The first block to consider is Management
Plan. The management team must first fully understand their objectives and plan
to accomplish them. They must consider any potential external disturbances to the
management process and factor in any needed resources and management systems
to counteract the impact of the disturbance. As an example, a high personnel turn-
over rate would disturb the process, but planned orientation and training could atten-
uate the disturbance. The degree of formality of the plans would be dependent upon
the complexity of the organization and the objectives to be accomplished. In all
cases, the planned management systems must be well integrated. In the three ex-
amples I have used, a police department, a hospital, or a radioactive waste project,
many of the work activities will be conducted by formal procedures because of the
necessity to be consistent in the way activities are performed and to have records to
demonstrate the methods used and the results obtained. It is the results that will be
the true measure of the acceptability of a quality assurance program. The manage-
ment team will ensure that the planned activities are documented and well integrated
to achieve and assure the quality of work necessary to meet the objectives. The chief
of police, hospital administrator or project manager will have carefully assigned
authorities to the staff and ensured that each understands his or her role and how
they each interface with the other team members. The chief of police or project
manager will be responsible and accountable for meeting the objectives.

One will find some of the most effective quality assurance programs implemented
by well managed police departments. They have met the intent of all 18 criteria of
NQA-1 even though they have never heard of the 18 criteria.
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The first block in my diagram is the. most important. If the end product or service
cannot be fully described by the management team and activities identified to
satisfactorily produce the product or service, planning will be inadequate and crisis
management will result.

If the planning is adequate, the resources needed will have been identified. Any
decision to reduce the predetermined resources can and should be identified with
what will not be accomplished and what will result because of the reduction.

As planned activities occur, one can expect an occasional anomaly. For that reason,
it is necessary to also plan sufficient overview of the work process to ensure that the
final product is of adequate quality. Planned overviews will detect the occurrence
of anomalies and provide the opportunity for analysis of the impact upon the final
product. Information can also be given to the management team so they can decide
upon any needed adjustments to the management systems or resources.

The 18 Criteria of ANSI/ASME NOA-1 and Appendix B of 10CFR50.

The 18 criteria of NQA-1 are very similar to the 18 criteria in Appendix B of
10CFR50. NQA-1 supplements contain details which further describe the application
of the 18 criteria. The NRC has endorsed NQA-1 in a regulatory guide as acceptable
for interpreting the requirements of Appendix B of 10CFR50 for design and construc-
tion of nuclear power plants and fuel reprocessing plants.

The DOE has endorsed the use of NQA-1 in DOE Order 5700.6.

Following is a short description of the intent of each criterion.

Criterion I - Organization

Project managers responsible for preparing quality assurance program descriptions
or plans for waste management projects could benefit by observing how NRC staff
is learning from past mistakes on nuclear power plants. The NRC staff is making
a concerted effort to implement lessons learned from the quality problems experienced
by these facilities. Applicants for a license to construct a radioactive waste reposi-
tory or facility can expect a penetrating examination of the quality assurance pro-
gram described in the application for a license. The staff will carefully analyze the
organizational approach described in the quality assurance program to determine if
the potential of success is demonstrated. Any apparent weaknesses will be questioned.

Project managers for licensed or unlicensed facilities can use the following criteria
to evaluate their management approach:

1. Does the project's quality assurance program description reflect full com-
prehension of the performance objectives of the regulations, and have
authorities been effectively assigned to ensure accomplishment of the per-
formance objectives and the design bases?

2. Has the project manager made a commitment to comply with regulatory
requirements, and is this reflected in the assignment of functional authori-
ties?
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3. Does the project provide for maintaining control over work performed by
contractors and suppliers that affects the accomplishment of the performance
objectives of the regulations and the design bases?

4. Has the project designed an organization and assigned functions and authori-
ties such that the achievement and assurance of quality are integrated and
are a part of the everyday work activities?

5. Docs the project assign an individual to be responsible for the development,
implementation and assurance of continued effectiveness of the quality
assurance program? Does that individual have organizational freedom to
carry out the assignment?

6. Does the project manager retain full responsibility and accountability for the
overall quality assurance program? Is the project manager responsible and
accountable for the end product quality?

The review of a project quality assurance program should not be limited to determin-
ing that each criterion of NQA-1 or Appendix B has been addressed but also the
review must assess the effectiveness of the described organization and assigned
functions and authorities in relation to accomplishing performance objectives stated
in the regulations. Any potential weaknesses should be questioned.

Experience in nuclear plants has shown that utilities unable to fully describe assign-
ments of functions and authorities and relate those assignments to meeting perfor-
mance objectives experienced significant quality problems. Also, utilities delegating
achievement of quality to the "NRC-required quality assurance organization" failed
to design and implement effective quality assurance programs. A reviewer of a
quality assurance program description or plan should question imprecise assignments
of authority and the placement of the management of the quality assurance organi-
zation in a position that permits attenuation of information emanating from that or-
ganization intended for review and action by the project or program manager.

Criterion 2 - Quality Assurance Program

The purpose of this criterion is to cause the project manager to articulate the actions
necessary to plan and implement an effective quality assurance program. In the case
of licensed facilities (by states or NRC), site characterization will have been con-
cluded before the license application is submitted. The applicant must include a
description of the quality assurance program used for scientific investigations, data
collection, data analysis and computer modeling during site characterization activities.
The following criteria should be considered in the review of a project's quality
assurance program:

1. Has the project established an effective QA program prior to start of work?

2. In instances where the project chooses to use existing data (such as existing
computer codes or data from existing boreholes), have measures been des-
cribed to validate and/or corroborate the data before its use?

3. Has the project written or scheduled the writing of the policies, procedures
and instructions such that the documented directions arc to be in place before
work starts?
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4. Has the project identified the items and activities important to the accom-
plishment of the performance objectives of the regulations and the design
bases stated in the application which arc to be covered by the Quality
Assurance program?

5. Has the project provided for qualified personnel, appropriate equipment,
suitable environmental conditions for accomplishing planned work, and
verification and inspection of completed work?

6. Has the project provided for timely measurement and assessment of the
effectiveness of the QA program implementation, and are actions to be taken
to correct deficiencies and prevent their recurrence?

Criterion 3 - Design Control

This element is one of the more significant elements of the QA program, and its
careful review and assessment at an early stage can prevent ambiguity and misunder-
standings at a later stage in the design. As defined in the Atomic Energy Act of
1954, the term "design" means: (a) specifications, plans, drawings, blueprints and
other items of like nature; (b) the information contained therein; and (c) research and
development data pertinent to the information contained therein. The term "research
and development" means: (a) theoretical analysis, exploration or experimentation; or
(b) the extension of investigative findings and theories of scientific or technical
nature into practical application for experimental and demonstration purposes, in-
cluding experimental production and testing of models, devices, equipment, materials
and processes.

The design of a radioactive waste facility or repository includes: characterizing the
geologic setting; predicting the long-term stability of the site; predicting the environ-
mental interactions between the site and its surroundings; planning and specifying
processes for handling radioactive waste; and specifying requirements for constructing
facilities for handling radioactive waste. The design process includes developing
computer codes.

The project manager may choose to include control of scientific investigations in the
description of design control or break it out as an additional criterion. The following
criteria should be considered by the project manager in establishing the management
controls for the design process:

1. Does the project describe measures to assure that applicable regulatory
requirements and the design bases are correctly translated into specifications,
drawings, procedures and instructions?

2. Does the project establish controls for design interfaces and for coordination
among participating design organizations?

3. Does the project describe the plans, procedures and controls used in the data
collection and analyses leading to the description of the geologic, geotcch-
nical, hydrologic, meteorologic, climatologic and listed features of the disposal
site and vicinity?

4. Have provisions been made for verification and checking the adequacy of
the design?
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5. Have provisions been made to control design changes?

Criterion 4 - Procurement Document Control

It can be expected that activities important to the accomplishment of the performance
objectives and the design bases will be performed by a number of contractors and
subcontractors. It is paramount to the successful design and construction of a
radioactive waste facility or repository that the project provide the management
controls to manage the work activities of contractors and subcontractors and ensure
acceptable quality of the results. Work instructions, design requirements and docu-
mentation of completed work will flow between the project, major contractors and
subcontractors as "procurement documents." The project manager must be able to
demonstrate that procurement documents are controlled. The following criteria should
be considered in the review of the project's Quality assurance program:

1. Does the project assure that applicable regulatory requirements, design bases
and other requirements which are necessary to assure adequate quality are
suitably included or referenced in documents for procurement of material,
equipment and services, whether purchased by the project or by its contrac-
tors or subcontractors?

2. Does the project require contractors and subcontractors to have quality
assurance programs commensurate with the importance of the work assigned
to the accomplishment of the performance objectives and the design bases?

3. Does the project ensure that contractor/supplier quality assurance programs
are reviewed for adequacy?

4. Does the project describe the organization responsibilities for (1) procurement
planning; (2) the preparation, review, approval and control of procurement
documents; (3) supplier selection; (4) bid evaluations; and (5) review and
concurrence of supplier QA programs prior to initiation of activities affected
by the program? Is the involvement of the QA organization described?

Criterion 5 - Instructions. Procedure-, and Drawings

The purpose of this criterion is to ensure the use of formal instructions for work
activities related to the accomplishment of the performance objectives. These instruc-
tions, procedures and drawings are not only important to provide planned direction
but to demonstrate later how work activities were accomplished.

Criterion 6 - Document Control

Documents prescribing activities related to the accomplishment of the performance
objectives must be controlled during review, approval and distribution to ensure that
those performing activities have only approved and up-to-date instructions.

Criterion 7 - Control of Purchased Items and Services

It is likely that many of the geotechnical services will be contracted and also likely
that selected contractors will not have provided services for a project using a dis-
ciplined approach to quality assurance. This being the case, the project will need to
oversee and control the work of contractors and suppliers to ensure that the results
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are consistent with the accomplishment of the performance objectives. The follow-
ing criteria should be considered in the review of the project's quality assurance
program:

1. Does the project ensure that purchased material, equipment and services,
whether purchased directly or through contractors and subcontractors,
conform to procurement documents?

2. Does the project ensure that documented evidence of the review and accep-
tance of the purchased material, equipment or service is retained and is avail-
able for review?

3. Does the project assess the effectiveness of the control of quality by contrac-
tors and subcontractors?

Criterion 8 - Identification and Controls of Materials. Parts. Samples and Components

All materials, parts and components important to the accomplishment of the perfor-
mance objectives must be identified and controlled. It is particularly important that
samples be identified and controlled in accordance with approved procedures to
ensure the validity of data derived from testing of the samples.

Criterion 9 - Control of Processes

All work activities important to the accomplishment of performance objectives must
be controlled. Work activities or processes characterized by a need for specially
trained personnel, specialized equipment or qualified procedures should be identified
and care exercised to ensure the proper use of equipment and procedures by qualified
personnel.

Criterion 10 - Inspection

Independent, pre-planned inspections are performed where it is deemed necessary to
establish the acceptability of a product, process or service, either in progress or upon
completion. The inspection and results are documented.

Criterion II - Test Control

A test may be conducted to determine if an item or service is acceptable, or it may
be conducted to acquire additional information. Test is defined as: an operation
employed to resolve an uncertainty; a procedure to ascertain effectiveness, value,
proper function, quality or other characteristics; a procedure to understand a system.
subsystem, component or structure; or a procedure of submitting a statement to such
conditions as will lead to its proof or disproof or to its acceptance or rejection. The
description of the test should indicate the purpose of the test. The following criteria
should be considered in the review of the project's quality assurance program:

1. Does the project establish a test program to assure that all testing to demon-
strate that structures, systems and components will perform satisfactorily in
service is identified and performed in accordance with written test proce-
dures which incorporate the requirements and acceptable limits contained in
design documents?
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2. Does the project establish a planned program for sampling and testing and
ensure the precision, accuracy and repeatability of analytical data?

3. Does the project provide for documenting and evaluating test results to assure
that test requirements have been satisfied?

4. Does the project document the plans, procedures, results and verification of
geotechnical tests?

Criterion 12 - Control of Measuring and Test Equipment

All measurements that affect the quality of the work related to accomplishment of
the performance objectives must be taken only with instruments, tools, gauges or other
measuring devices that are accurate, controlled, calibrated and adjusted at predeter-
mined intervals to maintain accuracy within necessary limits.

Criterion 13 - Handling. Storage and Shipping

The purpose of this criterion is to control handling, storage, cleaning, packaging,
preservation and shipping of items affecting the quality of work related to the
accomplishment of the performance objectives. It is of particular importance that
attention be given to application of this criterion to the control of samples to prevent
damage, loss, deterioration and misidentification. When necessary for particular prod-
ucts, a special protective environment such as inert gas atmosphere, specific moisture
content levels, and temperature levels, arc specified.

Criterion 14 - Inspection. Test and Operating Status

The purpose of this criterion is to identify the inspection and/or test status of
samples, structures, systems and components. Such identification will prevent inadver-
tent use of a sample, structure, system or component which is yet to be inspected or
tested or that has been found to be unacceptable for use.

Criterion 15 - Control of Nonconforming Items

Items not conforming to specified requirements must be identified and controlled to
prevent inadvertent use.

Criterion 16 - Corrective Action

The management systems that comprise the quality assurance program must be
constantly monitored and timely corrective measures taken to correct conditions
adverse to quality. The following criteria should be considered in the review of the
project's quality assurance program:

1. Does the project establish measures to assure that conditions adverse to
quality, such as failures, malfunctions, deficiencies, deviations, defective
material and equipment, and nonconformances, are promptly identified and
corrected?

2. Does the project provide for identification and documentation of significant
conditions adverse to quality, the cause of the condition and the corrective
action taken? Are appropriate levels of management notified?
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A significant condition adverse to quality is defined as a nonconformance
or adverse condition which, if left uncorrected, could have a serious effect
on safety, reliability or performance.

Criterion 17 - Quality Assurance Records

Records of activities important to the accomplishment of performance objectives are
necessary during the data analysis phase for later hearings, discussions with inter-
venors, and during the licensing process to demonstrate the quality of work performed
to meet the performance objectives. Records will also be needed should any problems
related to the performance Gf natural or engineered barriers occur at a later date.

Criterion 18 - Audits

Audits are a part of the management system's sensors to provide measurement of the
effectiveness of the quality assurance program and permit timely adjustments to
ensure performance objectives are met. Audits can be effective only if they are
well planned, conducted by trained personnel familiar with the work being audited
and designed to measure potential of the process or activity being audited to produce
an acceptable product. A well planned and executed audit will provide the managers
with needed information as to the effectiveness of the management controls in place
and assist in determining any needed adjustments to ensure performance objectives
are met.

CONCLUSION

The project manager is the key person in the organization who can have the most
influence over the success or failure of a quality assurance program for waste
management. The quality assurance program provides the project management team
the management systems needed to achieve and assure the quality needed to meet the
performance objectives. In addition, the quality assurance program provides the
records needed to demonstrate the quality attained.

The 18 criteria of NQA-1 and Appendix B of 10CFR50, while developed for the
design and construction of nuclear power plants, can be used for waste management
projects. The project manager must consider the intent of each criterion and apply
the intent to the project. If the project manager carefully articulates the objectives
the project must accomplish, assigns functions and authorities for their accomplish-
ment and writes policies and procedures for their accomplishment, the 18 criteria can
serve as a checklist to see if anything was missed.
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THE RI/FS QUALITY ASSURANCE PROJECT PLAN: A WORKING DOCUMENT

Jack R. Hall
H.K. (8ud) Gibson

ABSTRACT

Quality Assurance Project Plans (QAPPs) are frequently seen as mile-
stone items in a project schedule. Problems arise when this is the
limit of the!" importance. To meet the milestone date, QAPP develop-
ment is often accomplished by cut and paste techniques or the use of
boilerplate. This approach generally results in a document lacking
pruject/site specificity that is often prepared then forgotten.

In confast, the QAPP should be a vibrant working document. Its
development should incorporate project-specific objectives and sampling
and analysis details. It should be used as a field and laboratory
gu^de, incorporating specifications for the work. The QAPP is a
legally significant document. The necessary regulatory approvals
establish agreement on project objectives and the means for accomplish-
ing those objectives. This legality is emphasized in the reviewing or

approving of data and •"esults. Deviations or changes necessitated by
field activities and discoveries must therefore be incorporated into
tie QAPP.

ror the QAPP to be a successful working document, uniformity and rigid-
ity are essential in some sections, while in others flexibility is
requ:~ed. This pape" describes the initial QAPP development process,
what should be included, anticipated modifications, and how to make
changes in the approved document.

INTRODUCTION

The Quality Assurance Project Plan (QAPP) is now generally accepted by
regulatory agencies as a "required" docuneot for any project that
involves environmental measurements. The QAPP defines (or references)
the procedures for sampling and analysis of environmental and hazardous
waste samples, and presents the Quality Assurance objectives. The
United States Environmental Protection Agency (USEPA) has determined
and published the sixteen basic elements of a QAPP.1 They are pre-
sented in Table 1. Another useful guide for QAPP preparation is pub-
lished by USEPA's Office of Research and Development.2
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Table 1. Sixteen Elements of the QAPP

1. Title Page with Approved Signatures

2. Table of Contents

3. Project Description

4. Project Organization and Responsibility

5. QA Objectives (Precision, Accuracy, Completeness and Detection
Limits)

6. Sampling Procedures

7. Sample Custody

3. Calibration Procedures and Frequency

9. Analytical Procedures

10. Data Reduction, Validation and Reporting

11. Internal Quality Control Checks and Frequency

12. Performance and Systems Audits and Frequency

13. Preventive Matntenance - Procedures and Schedules

14. Specific Routine Procedures to Assess Data for QA Objectives

15. Corrective Actions

16. Quality Assurance Reports to Management

Failure to recognize the significance of the QAPP at the tine of pre-
paration can be a major pitfall for a project manage-". Afte"* <i]}, the
QAPP is just one of <nany milestones on the project schedule. However,
the QAPP is a very significant document. It will determine how project
data will De generated and evaluated. As a Isgal docmant, the QA.J?
may take precedence over the statement of work or ^ork plan wh:zh
typically we*~e completed earlier in the project schedule.

The QAPP, therefore, should be carefully prepared, and conpleted w;th
all approvals prior to the start-up of jny_ field and .-nalyt'cal .•/o-~k.
The QAPP then becomes a working document for use as a field and labor-
atory gjfde. As A working document: on a dynami: reined'-si investiga-
tion/feasibility study (SI/FS), change1; a~e expected and will occur.
The QAPP should provide procedures for change. These changes should be
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documented and approved as specific changes to the QAPP. Based on our
experience, this is a major problem with the RI/FS work performed to-
date because the majority of the QAPPs have not been changed to reflect
the changes in sampling procedures, types of samples, numbers and types
of quality control samples and analytical procedure modifications
required.

How then can one defend data developed contrary to the only existing
QAPP? The ultimate result of this neglect is that the data can be
rejected by the regulatory agency even though significant expense in
defending the data or re-sampling and analysis will occur.

CRITICAL ELEMENTS OF THE QAPP

Since the QAPP is an up-front project deliverable gene-ally with a
short turnaround time, the common practice is to grab several other
project QAPPs off the shelf and "cut and paste" the necessary sections.
This is a very dangerous practice and will lead to wasting more time
correcting the problem later. The authors have seen documents where
the project name from the former QAPP was left in the text or tables of
the new QAPP. Based on the s'xteen elements presented :n Table 1, the
key elements often showing neglect in preparation or errors and omis-
sions are shown in Table 2 and reviewed below.

Table 2. Frequent Problem Areas in the QAPP

• Title Page with Approval Signature

• Project Organization and Responsibility

9 QA Objectives

• Sanpling Procedures

• Analytical Procedures

• Corrective Actions

TITLE PAGE WITH APPROVAL SIGNATURES

You ask yourself how can you mess up a title page. The connon p-oble
is not having the correct persons on the paje for tneir approval signa
tjre. As a mfni^un, the approvals shoulj include:

• Project Manager* for the Contractor
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• Client/Regulatory Agency Project Manager*
o Analytical Laboratory Manager
• QA/QC Coordinators or responsible party for the above 3

groups

*Project Manager is the person with the overall project responsi-
bil ity.

The other key item is that the responsible parties sign and that this
signature is their actual signature not a surrogate or stamped signa-
ture.

A note to all QAPP signers - Please review the document prior to sign-
ing. A common practice in a time crunch"Ts to circulate the signature
page and assume "blind faith" on the quality and content of the QAPP
document.

PROJECT ORGANIZATION AND RESPONSIBILITY

The com.non shortcomings of this QAPP section are:

n An incomplete or outdated project organization chart
without key personnel included or identified. The
chart should show organizational interaction between
contractor, any subcontractors, client and regula-
tory agencies including project managers, QA/QC
personnel, field team supervisor(s) and where they
report into their respective organizations.

» Lack of clear, concise and definitive responsibil-
ities. Too many "God and Motherhood" statements.
It must be clear who has responsibility for project
schedules, field sampling, field QA/QC, sample
custody, analytical procedures, laboratory QA/QC,
data review and report. These personnel must be
identified since they are key in having the respon-
sibility to initiate and review changes to the pro-
cedures and are charged with getting the QAPP
changed accordingly.

QA OBJECTIVES

In p°esenting the QA objectives, the best approach is in tabular format
by method, matrix and QA objective item (precision, accuracy, complete-
ness and detection limits). The QA objectives usually expressed in
percentage "diiges should be realistic based upon the matrix and analy-
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tical methodology employed. A common mistake fs to use precision,
accuracy and detection limit objectives developed by the method on
relatively clean water samples. If the lab is actually analyzing soil
and waste samples, or even highly contaminated waters, there is little
chance that these "clean water" objectives will be met.

The section should also describe the percent or number of QC samples
and the QC sample type that will be required during the project to
assess the data in meeting the QA objectives. QC sample types may
include performance evaluation (PE) samples, field blanks, field
spikes, travel blanks, field replicates, method blanks, laboratory
matrix spikes, matrix spike duplicates, and laboratory replicates.
Avoid statements that the laboratory will perform the number and types
of QC samples as required by the analytical procedures. This has two
problems: (1) the methods may not give the QC sample detail needed and
(2) the field personnel need to collect the proper number of field QC
samples and the additional sample volumes for analyzing laboratory
spikes and duplicates. So, contrary to common misunderstanding, the
field sampling team is a key element in the initiation of not only
field, but the laboratory QC program.

Another example where QA objectives have been unrealistic has been in
the area of completeness. For a hazardous waste RI/FS site a realistic
percent completeness (meaning percentage of data points useable within
the precision and accuracy guidelines) is 90 percent. So, QAPPs con-
taining completeness objectives of 99 or 100 percent are unrealistic at
best; and as a legal document may present justification for rejection
of all data because the QA objectives were not met.

SAMPLING PROCEDURES

The common mistake in this section is to be vague with statements like
"the samples will be collected according to approved and accepted
procedures". Although this section does not require an in-depth pre-
sentation of the procedure, it should include a brief statement of the
sampling technique and reference to a standard literature procedure or
a Standa-d Operating Procedure (SOP). A copy of the SOP should be in
tie QAPP appendix.

Anothe" common mistake is to leave out sampling procedures for all the
;nat"ix types to be collected on the project. This can lead to sampling
teams not having the proper equipment for sampling in the field or the
samples not being collected. Discovery of this problem after the proj-
ect is complete can be very expensive or impossible to correct since
t*ie conditions at the time of the original sampling may not be dupli-
cated.
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ANALYTICAL PROCEDURES

One key to a good analytical procedures section, which is often not
satisfied, is that the procedures be consistent throughout the QAPP
document. Inconsistency is usually caused by the "cut and paste"
technique or a misunderstanding of the analytical methodology. For
example, reference to USEPA Contract Laboratory Program (CLP) proce-
dures in one section followed by a requirement to analyze all samples
by USEPA SW-846 Methods in another section can lead only to questions
at the time of analysis on how to analyze the samples. The two are not
the same. And, does "SW-846" refer to the 2nd or 3rd Edition?

Another element to watch out for is a proper understanding of what
parameters are to be analyzed. For example, one part of the QAPP may
state that the samples are to be analyzed for the volatile priority
pollutants while the methods section states that all samples will be
analyzed for the Target Compound List (TCL) volatiies by USEPA Method
624. Again, these two statements conflict.

For all procedures, clear references must be given; and where
references are unavailable, SOPs should be present in the QAPP appendix
or the analytical procedure should be described in detail. Any planned
or routinely utilized method modifications should be presented. For
example, if the laboratory routinely uses USEPA Method 3240 with a
heated purge and trap, it should be so stated with the appropriate
temperature provided.

Careful input from the laboratory is critical on these points. Most
labs' routine procedures include some modifications, often improve-
ments, to published EPA methodology. Unless these are referenced in
the QAPP there will be grounds for questioning, qualifying or even
""ejecting some or all of the analytical data. Every QAPP should allow
the lab to modify methods when necessary, because of matrix effects, to
produce quality results.

Be sure that the analytical procedures being presented are also con-
sistent with any other project-related documents which describe or
require specific methodology; for example, consent decrees or project
work plans.

CORRECTIVE ACTIONS

This section should describe common a^eas requiring corrective actions
and who should approve and document. Examples are:

(a) A stream to be sampled has dr!ed up. Action -
ignore sample or select another stream sampling
point. Decision must be made by field sampling team
leader and approved by s'te project :nanager.
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(b) An emulsion forms during extraction. Action -
select proper procedure to avoid or correct.
Decision made by analyst and approved by group
leader and QA/QC coordinator.

(c) Analysis of parameter of concern by gas chromato-
graphy (GC) does not work due to interferences.
Action - Evaluate and select alternate GC column.
Decision by GC group leader and approved by labor-
atory QA/QC coordinator and laboratory manager.

If appropriate, the QAPP should be changed to reflect any corrective
actions changing the contents of the QAPP. In the case of Item C
above, the QAPP analytical procedures page for the GC method should be
changed to reflect the GC column change made. In all cases, the^e
should be careful documentation of the reasons for the change.

This section should describe the QAPP change procedure and how it would
be implemented in the normal and emergency mode. The usual authority
for approval levels required are the person initiating the change, the
appropriate QA/QC coordinators and the manager responsible for that
project task.

QAPP DEVELOPMENT PROCESS

Since the QAPP is a significant document with post-project legal rami-
fications, it should be properly prepared and reviewed. The QAPP pre-
paration team should consist of the sampling/field team leade", project
manager, field/engineering and laboratory QA/QC coordinators and labor-
atory managers. Besides the previous USEPA documents referenced, other
federal and state agencies may be involved in the project and have QAPP
guidance documents to assist in the QAPP preparation. In order for the
QAPP to be project-specific and correct, the following documents are
also recommended:

RI/FS site maps

Site background documents including any preliminary or previous
analytical data

Previously submitted sampling and analytical proposals

Statement of Work/Contract Document

Work Plan and Sampling and Analytical Plan, if applicable

Consent Decree, Record of Decision or Court Order, if appropriate
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Other legal documents/regulatory orders or communications

At least one member of the QAPP preparation team must have walked the
site. All too often, the QAPP is prepared totally in the dark as to
what other documents exist or what work has been previously performed
on the site. This knowledge can drastically effect selection of
sampling and analytical methods and QA objectives.

An initial team meeting should be held to issue writing assignments
distribute documents and provide overall project background.

The writing objectives should include emphasizing:

Conciseness: avoid statements subject to interpretation or which
are vague

Providing complete references

Avoiding wordiness

Consistency

Technically acceptable approaches and procedures

Cost effectiveness of program

The draft QAPP should then be reviewed by all contributors and then
submitted for internal approval prior to submission to the client and/
or regulatory agency. Believe it or not, the QAPP can be prepared and
approved internally in one month; but, if not properly organized and
pushed by management, can take several months t.o prepare and approve.

It is yery foolhardy, however, to start the RI/FS sampling and analy-
tical program without an approved QAPP. This leads not only to confu-
sion and lack of understanding throughout the project, but will inevit-
ably end up with a sampling and analytical program not performed as
described in the QAPP. The legal significance of a QAPP signed for
approval after the sampling and analysis are underway or completed has
yet to be tested, but is obviously highly questionable.

Once a QAPP is approved, copies of the document should be made avail-
able to all potential users of the document. This distribution list
must be documented for issuing changes to the QAPP during the use pro-
cess.

The QAPP then becomes the guidance document for performing the sampling
and analytical programs and evaluation of the quality of the data. The
later point is frequently overlooked and at times never mentioned in
the RI/FS final report. During the project, if a change is required in
the sampling and analytical program, the QAPP change must be implement-
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ed by the responsible party identified in the QAPP. The change is
executed by the re-issuance of a QAPP page(s) with the change incor-
porated and distributed to all holders of the original QAPP. The cover
memorandum should explain reasons for the change if it is not apparent
in the revised QAPP text. Verification of receipt should be initiated
for all change documents.

Upon completion of the project, the QA/QC coordinators should review
the QAPP versus the laboratory and field reports, so that any variances
may be found and incorporated in the QAPP. In effect, the revised
QAPP, reflecting all changes made during the course of the project,
becomes the "as-built" report.

CONCLUSION

The authors want to make su^e that all preparers and users of RI/FS
Quality Assurance Project Plans understand the significance of the
QAPP, the importance of using it as a dynamic working document during
the project, and the need for keeping it up to date and reflective of
the actual conditions and methodologies of the project.

The document should be completed prior to project field work and be
available to all possible users. The time spent in preparation of a
clear and concise document will be paid back in time not wasted on its
misinterpretation.

The amount of data which will be questioned, qualified or rejected in
the future on RI/FS site work completed to-date is unknown and unpre-
dictable, but the authors' experience is that the majority of the QAPPs
prepared in the early Superfund projects were not available, followed,
or changed to reflect the project changes.

In an RI/FS, the analytical data are the foundation of the final con-
clusions and recommendations. To ensure that these data are of known
quality and are accepted by the cognizant regulatory authorities, we
must take the QAPP seriously and beware of the pitfalls pointed out in
this paper.
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A PIONEERING APPLICATION OF NQA-1 QUALITY ASSURANCE STANDARDS IN THE
DEVELOPMENT OF SOFTWARE

Alison N. Weisbin

ABSTRACT

The application of NQA-1 Quality Assurance Standards to
computer software programs has been recent at the Oak Ridge
National Laboratory. One reason for systematically applying
quality assurance to computer software is the extensive use
of results from computer programs to characterize potential
sites for nuclear waste repositories leading ultimately to
important policy making decisions. Because data from these
programs characterize the likely radioactivity profile for
many hundreds of years, experimental validation is not
feasible. The Sensitivity and Uncertainty Analysis Methods
Development Project (SUAMDP) was developed to formulate and
utilize efficient and comprehensive methods for determining
sensitivities of calculated results with respect to changes
in all input parameters. The computerized methodology was
embodied in the Gradient Enhanced Software System (GRESS).
Due to the fact that GRESS was to be used in the site
characterization for waste storage, stringent NQA-1
requirements were imposed by the sponsor. A working
relationship between the Oak Ridge National Laboratory (ORNL)
Quality Department and the research scientists developing
GRESS was essential in achieving understanding and acceptance
of the quality assurance requirements as applied to the
SUAMDP. The relationship resulted in the SUAMDP becoming
the first software project at ORNL to develop a comprehensive
NQA-1 Quality Assurance Plan; this plan now serves as a model
for software quality assurance at ORNL. This paper describes
the evolution of this plan and its impact on the application
of quality assurance procedures to software.

INTRODUCTION

Software quality assurance has been defined by Robert H.
Dunn, as the "effective management of software quality programs".
(Ref. 1) The attributes of reliability, usability, accuracy, and
robustness with respect to small variations in input data are
those facets which, it is hoped, will be built into the process of
producing all software. These qualities become even more vital
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when complex and time consuming codes are utilized t_o characterize
candidate sites that are under consideration as long term nuclear
waste repositories; the policy process relies, at least in part,
upon computation of accurate predictive results for a future of
hundreds of years. Any group which uses the results of these
codes must have documented evidence that results from models are
appropriate for their intended use.

The Sensitivity and Uncertainty Analysis Methods Development
Project (SUA1-IDP) at the Oak Ridge National Laboratory (ORNL) was
sponsored by the Department of Energy (DOE), Salt Repository
Project Office (SRPO) and directed by the Office of NTuclear Waste
Isolation (ONWI). The objective of the SUAMDP was to develop a
computerized method for producing sensitivity versions of selected
performance assessment codes. Sensitivity analysis involves the
development and utilization of efficient methods for computing how
code outputs change with respect to changes in input parameters.
The research involved the development of a Gradient Enhanced
Software System (GRESS) and its application to a series of Fortran
Codes which modeled the generation of the radioactive source,
propagation through the cask and earth, dispersion to the
atmosphere, and transport to a site boundary. Through the use of
the basic rules of calculus, all first partial derivatives were
computed providing a comprehensive screening of the relative
importance of all input parameters. The sensitivities obtained
were verified by varying a subset of the input parameters one at a
time and observing the change in results relative to the predicted
change determined by multiplying the sensitivity by the input
variation. In all cases the verification was achieved to within
1%.

DEVELOPMENT OF THE SUAMDP QUALITY ASSURANCE PLAN

SRPO mandated the application of the 18 elements listed in
the Quality Assurance Program Requirements for Nuclear
Facilities. (Ref. 2). These elements are listed in Table 1. This
was the first time that NQA-1 requirements had been imposed en a
software development project at ORHL. A Quality Assurance Plan
(QAP) which addressed all 18 elements had to be developed by the
researchers in conjunction with the assigned Quality Assurance
Specialist (QAS). Financial support was requested and later
provided by the sponsor to ensure the level of Quality Assurance
(QA) required. The purpose of the QAP was to ensure the
reliability of the code through total management and
documentation. Unlike hardware, computer programs are more
difficult to assure appropriateness for intended u<;< since ia).
results depend on input data for which there arc cnn.binat ionai Iv
infinite possibilities, (b), different paths ami suhrout ir.i-s ::;ust
all be tested, and (c) , it is not feasible to assure suitability
by visually inspecting the code listing. Many reliable researcher
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state that complex computer codes are never fully debugged. Hence
to assure confidence, it was important to establish a set of
standards to which the computer model may be judged. Conformance
to standards had to be judged by competent people, independent of
the project, with similar expertise as the code developer. Major
design configuration steps, as well as final development status,
had to be reviewed and documented. This served as a mechanism for
auditing the configuration system internally as well as the
ability to audit the software for compliance to the standards set
forth in the QAP. The tracking of errors and the appropriate
corrective actions had to be addressed as well.

Implementation of the requirements of this QAP involved
creating and maintaining the record and document control system,
surveillance, supervising code storage, writing code development
and transfer procedures and, in general, verifying compliance with
all documented requirements.

The development of the QAP required taking into account the
differing viewpoints of the researcher and the QAS with regard to
what was meant by a quality product. The QAS agreed with the
researcher's evaluation of what would constitute "quality
software". However, application of these concepts, and
appropriate level of detail is often a matter of degree. Software
quality products, from the researcher's point of view, included
four elements: documentation, verification, validation and
usability. Documentation is defined as the written information
about a code model. The code developer records how the code was
developed and this development is peer reviewed. Verification is
demonstrating the ability of the code to do what it purports to
do. Validation is the testing of the code against the observable
phenomena which the computer model characterizes. Observable
phenomena can be experiments or analytic data. Usability ensures
that the code will provide the user with the required information.
A computer model evaluation is defined by the following
parameters:

Identification of those who use a code and the results
those users require of the code,

Review of any previous documentation which applied to
the code and the development of additional code
documentation as required.

Documentation of the code developer's own experience in
using thfc code,

Verification that the computer model ran as intended,

Assessment of the code input data and.
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Documentation and evaluation of overall code
performance.

The QAP presented a challenge to its QAS and researcher
authors: How were they to address the NQA-1 elements, originally
designed for hardware, to software? Standard validation
definition could not be applied to the GRESS code which was to be
used for waste site characterization for hundreds of years in the
future. Detailed procedures were written against evolving
criteria, as this was a new approach for the sponsor as well as
the project. The QAS and the researcher worked together for
approximately 8 months developing project specific procedures
which included methods for verifying and validating computer
codes, application of computer codes, code change control,
documentation of internally developed computer codes, code
transfer, technical and peer review, computer software control,
review of internally developed technical documents, record and
document control, corrective actions, and audits and surveillance.
For this project, a nonconformance was defined as a potential
event wherein input data to the project would be inaccurate. This
never actually occurred. Highlights of this study are enumerated
in Table 1.

Table 1. Implementation of Elements of NQA-1 to the SUAHDP

NQA-1 Element Examples of Project Specific Implementation

1. Organization Training guidelines and training timeframe
specified and documented for technical and
QA personnel.

Documented QA assessment of the scope,
status, adequacy, and effectiveness of the QA
Program to be reported to the sponsor.

2. Quality Assurance Cross references between the requirements of
Program NQA-1, NUREG 0856, ORNL procedures, and

project specific procedures determined and
documented.

3. Design Control- Independent peer review of a software
integration of verification plan and report. The QAS
design verified that independent peer reviews had
information been completed.
for development
and verification

h. Procurement There was no procurement in this project.
Document Control
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NOA-1 Element Examples of Project Specific Implementation

5. Instructions, Pro^'.ct specific procedures developed for
Procedures, and software development, transfer, verification
Drawings and validation of computer codes, application

of codes, computer code change control,
technical and peer review and review of
internally developed technical documents.

6. Document Control All documents bore a unique number.

Controlled documents were the responsibility
of the Project Manager.

The controlled documents were the QA Plan,
software development plans, software
verification plans, procedures, special
instructions, and change requests. Routine
instruccions given to project personnel were
documented, numbered and controlled.

7. Control of
Purchased Items
and Services

8. Identification
and Control of
Items

9. Control of
Processes

10. Inspection

This element was not addressed in the QA Plan
as no special purchases were made for this
project;.

The project manager reviewed and subsequently
initiated formal independent peer review of
the calculational process. The project
manager also certified that all comments were
addressed and assured.

A staff member designated as Code Custodian,
assigned a unique version number for each
code placed under his control. The code
custodian transferred and oversaw revision of
each code in accordance with project specific
procedures.

Back-up disks and/or tapes were maintained
for all codes at clearly referenced locations
and were labeled with the unique version
number in accordance with project procedures.

Each analyst kept a documented list of files
in notebooks which are directly traceable to
this project.

There were no special processes in this
project.

A monthly documented surveillance to address
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NOA-1 Element Examples of Project Specific Implementation

11. Test Control

12. Control of
Measuring and
Test Equipment

13. Handling,
Storage and
Shipping

project compliance to procedures
was conducted by a surveillance
coordinator, independent of the project
staff.

Test control was not addressed in the QA Plan
as no special tests were conducted.

No measuring and test equipment was used
in this project.

Requests for code transfer were documented
and submitted for approval by the Project
Manager. A designated Code Custodian
prepared the transfer or rejection letter,
the transfer package, sent the package to
the code recipient, established an
acknowledgement of receipt from file,
notified recipients when future revisions
of the code and appropriate revision
documentation were available.

14. Inspection,
Test, and
Operating Status

15. Control of
Nonconforming
Items

16. Corrective
Actions

17. Quality
Assurance
Records

Inspection, test and operating status
did not apply to this project.

ORNL provided the SRPO Technical Project
Manager or the subcontractor Technical
Manager notification within 48 hours
of the noneonformance.

In the event of a corrective action, a
written notification of the event
accompanied the proposed corrective
action.

Corrective action reports were to be
sent to SRPO and the subcontractor
along with any associated
correspondence.

The Project Manager, or his designee,
were responsible for the maintenance
of the QA files. The records were
numbered and indexed to be easily
retrievable and access controlled.

Duplicate records that provided
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NOA-1 Element Examples of Project Specific Implementation

evidence of quality were maintained. The
records were far enough away from each
other to prevent damage to both sets in case
of unforeseen circumstances. Records were
turned over yearly to the sponsor.

18. Audits Audits were conducted annually.

Each audit team included an NQA-1 certified
lead auditor and a technical specialist.

Corrective action completion was to be
documented, with letters to the audit team
leader and to the QA Manager at SRPO.

The QAS held documented training sessions for the research
personnel in all areas of the QAP requirements. An ORNL Internal
Audit, as well as a DOE/SRPO Audit resulted in no findings.

CONCLUSIONS

One outgrowth of this intensive effort was that the
procedures developed for the SUAMDP formed the basis for the
Software Control Procedure used on a laboratory-wide scale at
ORNL. The ORNL Software Procedure also made use of a graded
approach to software quality assurance. This allowed for
flexibility in applying software without sacrificing quality or an
inordinate amount of time on the part of the researcher.

Independent peer review, at important stages in the
development of the code, is useful in dealing with problems
arising before completion of the code when it would be more costly
and time consuming. Peer review had usually been performed at the
completion of the code.^development process.

Well documented and carefully maintained records, rather than
haphazard record maintenance, ensure the ability to replicate the
code development process if that should become necessary.

Software quality assurance procedures should be built on
those quality mechanisms already in place to avoid the extreme
length of time needed to develop this QAP.

Basic researchers and quality assurance personnel share the
common goal to create a reliable quality end product. Sponsors
must acknowledge, at the inception of the project, the level of
effort and financial support the QA process requires.
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ABSTRACT

This paper describes the Quality Control (QC) requirements for sample
collection, analysis, and data reporting in support of the Hazardous
Waste Remedial Actions Program (HAZWRAP) Supporting Contractor Office.
The requirements are to be used in support of remedial response activities,
such as preliminary assessment, site inspection, remedial investigation,
feasibility study, and remedial actions. The analysis of various matrices
are required during each of the tasks, therefore, requiring specific
analytical activities and sampling considerations. The QC activities are
based on the Environmental Protection Agency (EPA) protocols. The sampling
requirements include specified frequencies for trip, field, and rinsate
blanks; and field duplicates. The sampling program also includes review
of the work plan, sampling procedures, and audits of sample collection.
The sampling requirements for documentation include chain-of-custody,
instruments calibration, and usage logs, field sampling logs, and well
and soil boring logs. The analytical requirements include a laboratory
approval process which encompasses parformance samples, review of site
specific work plans, and laboratory audits. The QC program includes
three levels. In the first level, full Contract Laboratory Protocols
(CLPs) are used for analysis and data validation. In the second level,
SW-846, CLP, and the EPA methods specified in the Methods for Chemical
Analysis of Water and Wastes may be used. Third level requirements

*The sumbitted manuscript has been authored by a contractor of the
U.S. Government under contract DE-AC05-840R21400. Accordingly, the U.S.
Government retains a nonexclusive, royalty-free license to publish or
reproduce the published form of this contribution, or allow others to do
so, for U.S. Government purposes.

2Research sponsored by the Hazardous Waste Remedial Action Program,
U.S. Department of Energy, under contract DE-AC05-84OR21400 with Martin
Marietta Energy Systems, Inc.
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include calibration, with reduced deliverables, and data validation
requirements.

INTRODUCTION AND SCOPE

The National Contingency Plan of the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA) provides procedures
for the identification, evaluation, and remediation of • •- st hazardous
waste disposal sites. The Hazardous Materials ('Response section of the
National Contingency Program (NCP)1 consists of several phases: Preliminary
Assessment (PA), Site Inspection (SI), Remedial Investigation (RI)j
Feasibility Study (FS), and Remedial Action (RA). During any of these
phases, analysis of soil, water and waste samples may be performed. The
Hazardous Waste Remedial Action Program (HAZWRAP) is involved in performing
field investigations and sample' analysis pursuant to the NCP for the
Department of Energy and other federal agencies. The purpose of this
document is to specify the requirements for the control of the accuracy;
precision and completeness of the samples and data from the point of
collection through reporting. Each laboratory performing work for HAZWRAP
under CERCLA projects shall be approved by HAZWRAP prior to beginning
work for each project. The following information will discuss the approval
process and the requirements related to field and laboratory quality
assurance (QA) plans, field and laboratory method quality control (QC),
performance samples, and audits.

This document is based on criteria in the following two documents:
Interim Guidelines for Preparing Quality Assurance Project Plans (U.S.,
EPA-600/4-83-004, QAMS-004/80) , and Quality Assurance Program Requirements
for Nuclear Facilities, ANSI/ASME NQA-1, 1986 ed.

APPROVAL PROCESS

Prior to beginning any field studies or analysis of samples from the
field, contract laboratories will be required to receive HAZWRAP approval.
The process is depicted in Fig. 1. After the engineering subcontractor
contracts with a laboratory to perform analysis for a given site, the
laboratory and the engineering subcontractor are required to prepare a
site-specific work plan. The site-specific work plan shall include a
section of site-specific QC and shall reference the more general laboratory
and field sampling QA plans. These work plans and QA plans are submitted
for review by HAZWRAP geologists, hydrogeologists, the project manager,
and analytical QC specialists. The laboratory is sent performance samples
and the data from these performance samples are reviewed by the analytical
QC specialists. After work plans, QA plans, and the performance data
are reviewed, a laboratory audit is performed. Once corrections are madri
on the QA and work plans, the performance sample data is satisfactory,
and corrective actions are taken after the audit, the engineering sub-
contractor and the laboratory ar6 ready to begin work.
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REAPPROVAL PROCESS

Once a contractor and laboratory have performed work, laboratory
reapproval is dependent on past performance and the time elapsed from
previous sample analysis. In addition to these items, the analytical QC
specialist compares the methods used for previous work with the ones pro-
posed in future sites. If the methods and QC are the same, if it has
been less than a year since work was performed, and if the past perfor-
mance was satisfactory, the engineering subcontractor may only need to
submit a work plan for the site in question. If the laboratory's past
performance was statisfactory, but it has been longer than a year since
a performance sample was analyzed, the laboratory shall successfully
analyze a new performance sample.

LEVELS OF QC

Three levels of QC are used in the HAZWEAP Analytical QC Program.
The levels are based on the intended use of the data, the type of site
to be investigated, and the level o? accuracy and precision required.
Table 1 outlines the basic QC required at each level. The level of QC
is decided by the HAZWRAP Project Manager with assistance from the ana-
lytical QC specialist. Specific field QC samples, laboratory methods,
and laboratory QC are required for a given type of site and a given use
of the data. Table 1 outlines the overall plan for QC based on the level
and type of site.

Levei D QC is to be used for sites which are on <.r -bout to be on
the National Priority List (NPL). These sites are typical: . •• ar populated
areas and are likely to undergo litigation. In Level D QC. ••• laboratory
shall analyze a performance sample and undergo an audit. • • QA plan for
sampling and analysis shall be reviewed, Contract Laboidiory Protocols
(CLPs) shall be used, a field audit shall be performed, and 102 field
duplicates shall be analyzed. Follow-up analysis in second phases of
work at the same site may require different levels of QC or QC specific
to the method.

Level C QC is used for sites near populated areas that are not on
the NPL and not likely to be undergoing litigation. Level C QC includes
review and approval of the laboratory QA plan, the site work plan, and
the field QA plan. The laboratory shall successfully analyze a perfor-
mance sample, undergo an audit, correct deficiencies found during the
audit, and provide monthly progress reports on QA. The laboratory that
performs Level C QC shall have passed the performance sample sent out by
the Superfund CLP in the past year. The laboratory does not need to be
receiving CLP bid lots of samples to perform HAZWRAP analysis. Level C
allows the laboratory to use approved Environmental Protection Agency
(EPA) methods. In Level C, if gas chromatography/mass spectroscopy is
used for volatile or semivolatile organic analysis, the CLP method shall
be used.
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Table 1. Levels vs HAZWRAP levels

Data uses DQO level*
HAZWRAP
level Use of HAZWRAP QC

Risk assessment
Site characterization
Evaluation of alternatives
Engineering design
Monitoring implementation

Level III Sites near
populated areas
Major sites

Risk assessment
Evaluation of alternatives
Engineering design

Level IV NPL sites

Risk assessment
Site characterization
Evaluation of alternatives
Engineering design
Monitoring implementation

Level V Pure waste
samples, drums,
storage tanks,
biota, explosives

*DQO Levels 1 and 2 correspond to Levels A and B.
Levels A and B will be developed in the future.

Criteria for

A site requiring Level E QC will be located away from a populated
area, will r|ot be an NPL site, and will have a low probablility of liti-
gation. A t,ypicai Level E type of site is one in which the contents of a
fuel storage tank would be analyzed. Level E QC includes review and
approval of the laboratory QA plan, the site work plan, and the field QA
plan. The laboratory shall successfully analyze a performance sample,
undergo an audit, correct deficiencies found during the audit, and pro-
vide monthly progress reports on QA. For Level E, the laboratory is not
required to have passed a CLP performance sample. Level E allows the use
of EPA-approved methods. In Level E QC, a field audit is not required and
the frequency of field duplicates is reduced to 52.

LABORATORY QA AND QC

The laboratory shall have a QA plan which addresses the following
items: (1) title page with provision for signatures, (2) table of contents,
(3) organization and personnel, (4) personnel training, (5) sample-handling
practices and chain-of-custody (COC), (6) material management, (7) faci-
lities and equipment, (8) equipment maintenance, (9) analytical procedures,
(10) calibration, (11) limits of detection, (12) analysis of QC samples
and documentation, (13) out of control and corrective action, (.14) data
evaluation and data reduction, (15) holding times, (16) internal audits,
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(17) document control, (18) QA reports to management, and (19) accuracy,
precision, and completeness. One of the key areas which shall be dis-
cussed is the out-of-control events and corrective actions. Four types
of out-of-control events that require corrective action and documentation
include (1) problems which occur and are corrected at the bench level of
the laboratory, (2) items discovered during review of the data which
require action, (3) events which occur during receipt of the samples,
(4) and statistical out-of-control events.

A requirement in this program is the use of a method blank/spike
control which is similar to a laboratory control sample. The blank/spike
consists of spiking the laboratory's distilled and/or deionized water or
cleaned sand and calculating the results. If a large quantity of a soil
or water matrix containing analytes of interest is available, it may be
used instead of spiking the soil or water. Once the results are obtained,
the data are plotted on control charts. Each control chart consists of
a mean, a warning limit at two standard deviations, and a control limit
at three standard deviations. Twenty points shall be used to determine
these limits. Until a laboratory has 20 points from the same matrix,
the EPA recoveries for the method shall be used. Minimum criteria for
an out-of-control condition includes (1) any one point outside the control
limit, (2) any three consecutive points outside the warning limit, (3)
any eight consecutive points on the same side of the mean, (4) and six
consecutive points placed such that each point is larger or smaller than
its immediate predecessor, and (5) any obvious cyclic pattern. When any
one of these conditions occurs corrective action shall be taken and
documented.

The purpose of this type of control program is to determine whether
or not the laboratory process is working. This information is used in
conjunction with the matrix spikes to determine whether or not the labora-
tory process is in control and to determine the effects the method has
upon the sample matrix.

A blank/spike or laboratory control sample shall be processed with
each batch of samples. A batch size is defined as the number of samples
of similar matrix which can be processed simultaneously through the entire
preparation and analysis process.

The methods which the laboratory shall use are related to the levels
of QC. In Level D QC, the CLP methods are used. If a CLP method is not
available for an analyte of interest, a CLP-type of package, which includes
method blanks, matrix spikes, duplicates, and a blank/spike, shall be
delivered. In Levels C and E, SW 846, CLP, National Institue of Occupa-
tional Saftey and Health, American Society for Testing Materials and other
EPA methods listed in the Federal Register are allowed. Methods for
analysis of biota and pure waste samples shall be submitted to the analy-
tical QC specialist for review and approval. Table 2 lists the frequency
of the laboratory QC samples for each Level.
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Table 2. Laboratory QC samples

Type Frequency

Level D

Blank/spike or laboratory control for
all analytes and methods. Use interal
laboratory limits.

Method blank

Organics - CLP limits

- Spike
- Duplicate

Inorganics - CLP limits

- Spike
- Duplicate

Wet Chemistry - method limits

- Spike
- Duplicate

Level C

Blank/spike or laboratory control for
all analytes and methods. Use interal
laboratory limits.

I/batch

I/batch

1/20 samples of
same matrix

1/20 samples
1/20 samples

1/20 samples
1/20 samples

I/batch

Method blank

Organics - CLP limits

- Spike
- Duplicate

Inorganics - CLP limits

- Spike
- Duplicate

Wet Chemistry - method limits

- Spike
- Duplicate

Level E

Blank/spike or laboratory control

Method blank

I/batch

1/20 samples of
same matrix

1/20 samples
1/20 samples

1/20 samples
1/20 samples

I/batch

I/batch
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DATA VALIDATION

Data validation shall be performed on all data at all levels of QC.
Since each level has specific deliverables, the data validation is based
on the items required in each level of QC. For the Level D QC, the CLP
data validation protocols are used. In Level C QC, an abbreviated CLP
validation procedure, which includes review of blanks, spikes, duplicates,
calibration, tuning, and holding times is used. In Level E QC, the
method blanks, calibration and holding times are evaluated. In all levels
of QC, the field, trip, equipment, and laboratory blanks are compared
with the sample data. The blanks are not subtracted from the samples.
Either the detection limit is raised or the data are rejected depending
on the level of contamination. In most programs, the CLP blank valida-
tion is used to validate only laboratory method blanks; in the HAZWRAP
program, this criteria is used for all blanks.

SITE-SPECIFIC QC REQUIREMENTS

The following are the requirements for the site specific QC section
to be included in the site specific work plan or to be presented as a
separate QC document.

1. The organization, including the laboratory and QA staff, shall be
presented and their duties discussed.

2. Any pertinent state environmental or EPA federal/regional require-
ments shall be presented. This includes specific procedures or
clean-up levels.

3. References shall be made to the appropriate corporate or laboratory
QA plans which contain pertient information.

4. A discussion of COC and shipping practices shall be provided.

5. Tables of the following shall be included.

• Analytical methods and numbers of samples of each matrix to be
collected at each site.

• List of analytes included in each multianalyt? method.

• List of holding times, preservatives, amount of sample required,
and container requirements.

• List of the number, type, and matrix of field and laboratory QC
samples by site. This includes trip blanks, equipment rinsates,
field blanks, field duplicates, laboratory method blanks, labora-
tory matrix spikes, and duplicates.
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6. All site-specific field sampling procedures which are not included
in any corporate QA plan shall be presented.

7. Decontamination procedures for both drilling and sampling equipment
shall be described.

8. Data quality objectives shall be discussed.

9. If the QC section is presented in a separate document from the work
plan, the rationale for the analytes and sampling location shall be
presented.

10. The accuracy, precision, and completeness expected to produce usable
data for a site shall be described.

The HAZWRAP Requirements document specifies in detail the preser-
vatives, bottles, bottle cleaning, and decontamination, shipping, COC,
and sample receipt.

FIELD QC SAMPLES

The types of field QC samples remain the same no matter the level of
QC implemented, although the frequency of the QC samples change. Table 3
outlines the frequency of the QC samples. Because each region, state and
subcontractor have different definitions for the trip blanks, equipment
rinsates, field blanks and field duplicates, definitions are given for
each. Unless the region or state requires different definitions, the
definitions and frequencies in the HAZWRAP Requirements document are used.

SUMMARY

The HAZWRAP Requirements QC document attempts to integrate the field
and laboratory QC with data validation and reporting. The program empha-
sizes early review by all required disciplines of staff members and
specifies the QC. It must be emphasized that this document and program
are dynamic and will be revised and upgraded as input is received from
EPA regions and states and from qualified technical staff involved in the
environmental business. Future plans of the QC program include further
definition of data validation procedures, preparation of batches of
material for the blank/spike or laboratory control sample, and a detailed
field QC requirement document,
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Table 3. Field QC samples per sampling event

Type of
Sample

Level 0 Level C Level E
Metal Organic Metal Organic Metal Organic

Trip blank
(for volatiles
only)

Equipment
rinsate2

Field blank

Field
duplicates3

Referee
duplicate3

NA1 I/cooler NA1 I/cooler NA1 I/cooler

I/day I/day I/day I/day I/day I/day

I/source/event for all levels and all analytes

10% 10% 10% 10% 5% 5%

collect at direction of HAZWRAP Project Manager

XNA - Not applicable.
'Samples are collected dally, however, only samples from every other

day are analyzed. Other samples are held and analyzed only If evidence of
contamination exists.

3The duplicate must be taken from the same sample which will become
the laboratory matrix/spike duplicate for organics or for the sample used
as a duplicate In Inorganic analysis.
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HOW DO YOU KNOW WHEN YOU HAVE ENOUGH
EMERGENCY PREPAREDNESS?

RECOMMENDATIONS FOR INCREASED PROFESSIONALISM

Richard E. DeBusk

ABSTRACT

U. S. Department of Energy (DOE) emergency planners are faced with a difficult question.
Do DOE facilities have adequate emergency preparedness programs? The question would
be more easily answered if emergency managers could go to a central guidance document
that specifies all areas of concern (procedures look like this, exercises are conducted like this,
etc.). However, even if such a document did exist, it would not be sufficient to ensure that
programs were effectively implemented. Professionals with the required training and
experience are needed to interpret complex guidance and develop effective DOE facility-
specific emergency preparedness programs.

An increased emphasis on the professional development of DOE and contractor emergency
planners is needed. We must strengthen the professional competence of emergency planners
so they can interpret standards and implement effective programs that address the complex
hazards of each facility and the many and varied interests of the DOE, contractor manage-
ment, unions, local governments, the media and special interest groups.

INTRODUCTION

Examples abound of inadequate emergency preparedness programs.

Three-mile Island
Cherynobyl
Bhopal
Challenger
Gore, Oklahoma

This listing is long enough, but we know it will grow. Charles Perrow tells us that accidents
are normal in highly complex, technical processes with many interactions. (Perrow:3-5)

Many, if not all, DOE facilities have the potential for serious accidents. The DOE has
responded to this threat by creating or improving emergency preparedness programs at DOE
facilities. Are these programs adequate?

There is no simple answer to this question. As the conditions, processes, and environment
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of DOE facilities change over time, the question of emergency preparedness adequacy must
be continually addressed.

A good emergency preparedness program would include the following elements:

Understanding and applying standards
Understanding the hazard potential. *
Understanding diverse interests and incorporating major concerns.
Documenting the program in emergency plans and procedures.
Training emergency managers and responders.
Demonstrating program effectiveness.
Maintaining program effectiveness and support

Because emergency preparedness is facility(or hazard)-spccific, the elements are weighted
somewhat differently at each DOE facility.

Each of these elements is complex. A successful program requires, however, that the
elements be combined and considered together. This is truly challenging. Substantial
experience, professional training, and support are needed to develop and implement
adequate emergency preparedness programs.

DOE and contractor emergency planners come from diverse backgrounds and lack a
consistent base of professional training and orientation. The complexity of emergency
preparedness has increased over time and we are now at a critical threshold. We cannot
continue to deliver adequate emergency preparedness programs unless we increase the
professionalism of our emergency planners.

What is needed within the DOE is an increased emphasis on the professional development
of emergency planners. Such a commitment will not be free but the investment will see
returns in improved and more cost-effective programs.

More consistent interpretation of standards.
Reduced development costs.
More sharing of ideas and programs.
Improved communication will foster proactive approach.
Increased internal and public confidence in DOE emergency preparedness.

SPECIFIC RECOMMENDATIONS

Increased efforts in four areas are needed to improve the professionalism of emergency
planners.
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Training.
Forums to exchange ideas.
Professional certification.
Professional association.

It may seem that I believe that DOE and contractor emergency planners are unprofessional
and unqualified to perform their job assignments. DOE and independent assessments of
safety at DOE facilities conclude that emergency preparedness is essentially adequate
although many recommendations and improvements are underway. (National Academy of
Sciences: 66-69) My real thesis is that adequate institutions of professionalism are not in
place to ensure that emergency planners can continue to meet the challenges of emergency
preparedness.

RECOMMENDATION 1 - Improve Training

Training for emergency planners is not adequate; The DOE does not offer professional
training for emergency planners. The DOE-sponSored Training Resources and Develop-
ment Exchange (TRADE) offers some training, but as a whole, TRADE is not offering
significant training support for emergency planners and likely will not unless there is
significant pressure to do so.

There are a number of training programs offered by various other professional organizations
and industrial groups that support training for emergency planners. As examples, the
American Institute of Chemical Engineers and Harvard University both offered week-long
training programs in the summer of 1988 that provided useful training for emergency
planners. This industry training does not, however, address the specific needs of DOE
emergency planners because it is focused on larger groups, operators of commercial nuclear
power plants for example.

The DOE, through TRADE or other appropriate organizations, should offer DOE-specific
training in emergency preparedness. This training should include:

Preparing and maintaining plans and procedures.
Developing and implementing training programs.
Designing and conducting drills and exercises.
Conducting audits and appraisals.

This training must be broad-based, focusing on all aspects of emergency response and
support, including:
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Field response.
Command and Control (EOC).
Communications (information).
Public Information.

It is also important that emergency planners receive training in management so they can
conceive and implement programs and effectively manage critical resources. Management
training should include:

Budgeting.
Personnel management.
Media relations.

RECOMMENDATION 2 - Increase Information Exchange

There is a limited information exchange among emergency planners. The return in even this
small investment is significant. Good programs and practices at one site are adopted at other
sites thereby increasing consistency and reducing development costs. One example
illustrates the point. The Y42 Plant has developed very effective rally point assembly
stations for local evacuation and personnel assembly. The concept, procedures, and even
the design of the station was adopted at the Feed Materials Production Center (FMPC) to
meet a critical need to improve personnel accountability. By adopting the Y-12 system, a
proven concept was implemented at considerable cost savings to the government. More of
this is needed.

The problem is that the forums to exchange ideas are limited and lack organization. The Oak
Ridge Operations Office has quarterly (really semi-annual) multi-plant meetings, but these
address specific issues and are not well supported. TRADE has sponsored an Emergency
Preparedness Special Interest Group and this provides a valuable exchange but this is also
limited, focusing on training.

Three specific new initiates are recommended:

Semi-annual Operations Office Emergency Preparedness meetings.
Annual DOE National Emergency Preparedness Conference.
A newsletter or journal.

The multi-plant meetings should be discontinued and a larger, better-organized semi-annual
meeting adopted in its place. The semi-annual meeting should serve as a clearinghouse for
problems, new ideas, discussion of standards and the review of trends either in DOE or in any
relevant industry. Cooperation in problem-solving should be the hallmark of the semi-
annual meeting.

In contrast, the annual DOE Conference is a chance for everyone to see what everyone else
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is doing. The presentation of oral and written papers and case studies, like other conferences,
should be emphasized. Cooperation in advancing the state-of-the-art should be the hallmark
of the annual conference.

Emergency planners need a regular source of information about their profession; training
courses offered, new standards or regulations, case studies, and other relevant information.
This information is commonly provided in newsletters or journals.

The DOE should sponsor a simple newsletter providing valuable information in a concise
format. This can later be expanded to a professional journal if needed. The newsletter should
contain:

DOE official opinions on timely topics.
Review of new standards and regulations.
Review of training courses.
Presentation of annual calendar for Emergency Preparedness events.
Opinion articles and case studies.

As a model, the Oak Ridge Operations Office could sponsor such a newsletter that could
easily be expanded nationally if successful.

RECOMMENDATION 3 - Certify Emergency Planners

Professional certification focuses training efforts and conveys confidence about the profes-
sional qualifications of practitioners. The DOE should offer a Professional Certification in
DOE Emergency Planning. The certification program should consist of, at a minimum,:

Education and experience requirements.
Comprehensive written and oral examinations.
Periodic retesting to maintain certification.

Such a certification program will only make a significant contribution if DOE requires all
DOE and contractor emergency planners to have or be working toward professional
certification.

Many professional organizations (ASSE, ASIS, AICP, etc.)1 offer professional certification
and many DOE emergency planners participate in these programs. Professional Certifica-
tion in DOE Emergency Planning would contribute to a corporate identity for emergency
planners that would support cooperation and communications. The main reason for

'American Society of Safety Engineers (ASSE), American Society of Industrial Security
(ASIS), American Institute of Certified Planners (AICP).
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certification is, however, to ensure minimum professional standards for DOE emergency
planners.

The Federal Emergency Management Agency (FEMA) in cooperation with the National
Coordinating Council on Emergency Management (NCCEM) is working on a professional
certification for emergency planners, but this program is focused on state and local officials
and will not meet DOE needs, if the program is ever implemented.

RECOMMENDATION 4 - Support a Professional Association

A professional association of emergency planners could help to implement the other
recommendations, specifically:

Offer or support training.
Organize conferences and meetings.
Oversee professional certification.
Publish newsletter.

This list is not exclusive and it may be more appropriate if some recommendations are
implemented by other organizations. It may be appropriate, for example, for TRADE to
administer the professional certification as an independent group. This independent
oversight is common in other professional organizations and could support a general DOE
objective for independent review and assurance of competency and program adequacy.

Because the number of emergency planners in DOE is not large and because these
recommendations may more appropriately be initially implemented in a model program in
the Oak Ridge Operations Office, the traditional methods for financial support for profes-
sional associations may be inadequate.

DOE and contractors may need to provide initial funding support to complement dues in
establishing a professional association of emergency planners. However, the purpose of the
association is entirely in line with DOE needs: providing service directly and exclusively to
the DOE and contributing directly to the safe operation of DOE facilities. Therefore, some
limited funding support would be appropriate.

CONCLUSION

I have recommended four specific recommendations to improve the professionalism of DOE
and contractor emergency planners:
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Improve training programs.
Increase information exchange through conferences, meetings, and a news-
letter.
Professionally certify DOE emergency planners.
Create a professional association.

These recommendations can be expected to produce at least four significant results:

1) More communication and cooperation in developing solutions to common
problems.

2) More professional implementation of specific programs (large-scale exer-
cises for example).

3) Increased confidence in DOE emergency preparedness programs (especially
in the public and public officials).

4) Reduced development costs for many programs.

The recommendations are needed and the costs associated with the recommendations are in
line with the need for effective emergency preparedness programs. I offer the following
proposed timetable to begin implementation.

Paper submitted October, 1988

Program proposal February, 1989

Conduct first semi-annual
meeting March, 1989

Conduct 1st DOE National
Conference and publish
first newsletter Summer, 1989

Begin formal training
courses Fall, 1989

Only professional emergency planners working together can ensure that DOE facilities have
adequate emergency preparedness programs. The less professional our emergency planners
are, the less sure we can be about emergency preparedness adequacy. Are we prepared to
accept this uncertainty? No! The recommendations offered here are only one example of
many programs underway within the DOE aimed at improving emergency preparedness and
overall facility safety. We are on the right track but we must work forcefully if we intend
to reach our objective. Supporting these recommendations is a necessary step in realizing
those objectives.
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THE AREA RESOURCE FILE - AN EMERGENCY
RESPONSE PLANNING TOOL

Philip E. Mihlmester

ABSTRACT

Siting of hazardous waste treatment and disposal facilities
requires careful advance planning to ensure adequate emergency
response capability exists in close proximity to the facility.
Similarly, transportation planning for hazardous wastes must account
for possible accidents along the transportation route. The Area
Resource File (ARF) can be a valuable tool in such planning exercises,
particularly with regard to medical response capability. ARF is a
nationwide medical geographic information system. The basic county-
specific file is a massive data base containing more than 7,000
medical and health response-related variables at the county level for
every county in the United States. The data include detailed
information on available health facilities and hospitals as well as
physicians by specialty and other health professionals. Also included
are related population characteristics, economic, and environmental
data. ARF can facilitate detailed analysis of a potential hazardous
waste treatment disposal site or transportation route by assessing the
medical and emergency response capabilities, and the population at
risk in a given location or set of locations. The fully automated
features of ARF allow for easy manipulation of the data files. The
paper describes ARF in greater detail, provides example outputs, and
explains how ARF can be used in hazardous waste siting and
transportation studies.

1. INTRODUCTION

The Area Resource File (ARF) was originally developed by the
Bureau of Health Professions, Health Resources and Services
Administration. Since 1975, ARF has been maintained, expanded, and
enhanced by Applied Management Sciences for the chief purpose of
serving as an information source for health resources planning and
research. ARF contains 5 components: 1) the basic area resource
file which is a massive county-level data base, 2) a state/national
time series data base, 3) a user-oriented ACCESS reporting system, 4)
a microcomputer data series, and 5) internal components including a
data dictionary and a user-oriented mapping system. The user-oriented
ACCESS system provides automatic generation of SAS code and
aggregation to various geographic levels for reporting, computation of
statistics, and cross tabulations. This paper describes the ARF
system and its data organization and content, and discusses products,
analytical capabilities, and potential hazardous waste siting and
transportation applications.
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2. THE AREA RESOURCE FILE SYSTEM

This section provides an overview of the various components of
the Area Resource File System (ARFS).

2.1 THE BASIC ARF COUNTY FILE

The basic county-specific Area Resource File (ARF) is the nucleus of
the overall ARFS. It is a massive data base containing more than
7,000 variables at the county level. It contains information on
health professions, measures of resource scarcity, health status,
economic activity, health training programs, and socioeconomic and
environmental characteristics for each of the nation's counties. In
addition, the basic file contains geographic codes and descriptors
which enable it to be linked to other files maintained by the Bureau
such as the Shortage Area Designation File, the Hospital File, the
Physician's File, and the Student Assistant File.

ARF serves as a major tool to provide the analytical data needed by
the Office of Data Analysis and Management and other components of the
Bureau of Health Professions and the Health Resources and Services
Administration, as well as for the DHHS Regional Offices, Other
Federal agencies, Congress, and the planning network of Health Systems
Agencies (HSAs), State Health Planning and Development Agencies, major
universities, and other local organizations. The ARF was originally
designed as a tool to assist in the location of Area Health Education
Centers (AHECs) and as a general purpose area data file for analysis
of geographic distribution of resources. Since its initiation in 1971,
the system's data base has undergone substantial change and the number
of data elements has been vastly increased. The system has
assimilated diverse data from over 75 different source files and
processed millions of micro data records (e.g., NCHS mortality data
and AMA physician specialty data). Many of the changes in the Area
Resource File have been made in response to the needs of the user
community. Data have been added to the basic file, and special
enhanced files have been created at the request of a number of user
groups. This reduces the cost of reliable data acquisition to the
government and reduces data and system redundancy.

Expansion and maintenance of the ARF is performed on a semi-
annual basis. All information contained on the file is derived from
existing data sources. The file is routinely expanded to incorporate
additional data deemed to be useful to health researchers and other
users, either generally or for specific major epidemiologic studies.
Update of the file includes editing of newly acquired data for
internal consistency and adequacy, as well as for comparability with
existing data. Complete user documentation is produced detailing the
original data source, anomalies, and definition of each variable.
Technical documentation is produced specifying data element locations
and descriptors of each variable.
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2.2 THE STATE/NATIONAL TIMESERIES DATA BASE

Although most data can be derived by aggregating the county-level data
on the basic Area Resource File to the state or national level, some
data are simply not available except at these more aggregate levels
and have been consolidated in their own data base. This data base,
called the State/National Timeseries Data Base, contains data from the
basic Area Resource File as well as from numerous other sources. The
data focus on education and the professions of medicine (allopathic),
osteopathy, dentistry, veterinary medicine, optometry, pharmacy,
podiatry, and nursing. In addition, selected data on physicians are
reported by specialty and are available both for detailed specialties
and for the broader specialty groups of primary care, medicine,
surgery, and other specialties.

2.3 ACCESS SUBSYSTEM

Both the county-level Area Resource File data base and the
State/National Timeseries Data Base are linked to a user-oriented
reporting subsystem. This reporting subsystem, or ACCESS subsystem,
is designed so users unfamiliar with data processing can retrieve,
process, and display data relatively easily and quickly.

The ARF ACCESS Subsystem is a sophisticated reporting subsystem that
can produce analytic reports on every variable contained on the ARF.
Using the system's capabilities, a user can prepare most types of
tables in about 10 minutes. An example of the kind of report the ARF
ACCESS subsystem can generate is shown in Table 1.

The ARF ACCESS Subsystem has the capability to select counties for
inclusion in a report according to complex user-defined selection
criteria (such as counties exceeding a specified infant mortality rate
or having an average income level lower than a specific amount) and to
output hardcopy reports, graphics, or special files.

2.4 THE MICROCOMPUTER DATA SERIES

Three series of extracted microcomputer files are available within
ARFS: the Demographic Series, the Health Facilities Series, and the
Health Professions Series. Each diskette within these series of data
contains subsets of the ARF master file for all counties within a
particular state or group of states. Additionally, state and U.S.
totals are available on a separate diskette for each series. Updates
for these data are released on an annual basis.

The kinds of data available in the Demographic Series include:
geographic codes and classifications, environmental characteristics,
population, income, education, employment statistics, and housing.

The kinds of data available in the Health Facilities Series include:
geographic codes and classifications; population characteristics;
short-term general, short-term non-general, and long-term hospital
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characteristics including: facilities, bed counts, admissions,
services, and personnel; nursing home data; and HMO information.

The kinds of data available in the Health Professions Series include:
geographic codes and classifications, M.D.s, D.O.s, dental
professions, nursing professions, veterinarians, podiatrists, other
health professions, NHSC and HMSA shortage areas, and health
professions training.

2.5 OTHER SYSTEM COMPONENTS

In addition to the subsystems described above, the ARFS currently
contains four internal components that greatly enhance and expand the
capabilities of the system. Specifically, these components are:
detailed hospital files; over 50 detailed support files on various
disciplines; and a user-oriented mapping system. The mapping system
is briefly discussed below.

Maps and graphs can be generated from the ARF data through the ARF
Mapping Subsystem. The software package SAS/GRAPH which operates under
the SAS statistical package, is used for graphics. Maps of the U.S.
displaying ARF variables by county, by SMSA, by (P)MSA, or by state
are produced. Bar graphs and pie charts are also produced on an as-
needed basis. An example of a map produced with the ARF data is shown
in Figure 1.

3. DATA ORGANIZATION AND CONTENT

3.1 THE BASIC ARF COUNTY FILE

The information contained in the basic Area Resource File is available
at the county level for all counties in the U.S. The data are divided
into eight major data categories; this section briefly discusses these
categories. The county is used as the basic geographic unit primarily
because it is widely used and of most general use, making it the
smallest unit for which a wide range of data necessary for health
system analysis is available.

The use of the county as the basic geographic unit also permits
aggregation of data in various ways for analysis. In order to
facilitate analysis, a number of geographic areas have been defined in
the system; the definition of these geographic areas permits linking
the ARF with numerous other data files. These geographic areas, for
example, include SMSA's, Health Service Area, and other geographical
descriptors.

ARF is composed of data organized into eight broad categories. The
eight categories of data are:

(1) Codes and Classifications. These consist of geographic
descriptors which have been discussed above.
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(2) Health Professions. Included are the most current data
available on a nationwide basis for health professions as
well as some historical data. Data are available for
physicians by specialty, activity, sex, age, board
certification, and country of graduation.

In addition, there is information on sites designed for
National Health Service Corps personnel, sites staffed,
sites approved but not staffed, terminated sites, and
current staff level for five health professions categories;
and on areas designated as having shortages of health
professions for purposes of Health Professions and Nursing
Loan Repayment Programs.

(3) Health Facilities. Included is information on the
characteristics of and services offered by hospitals. The
number of Health Maintenance Organizations (HMO's), both
total and federally qualified, are also carried on the file.
Limited data are also included for nursing homes.

(4) Utilization. Included are hospital utilization levels.

(5) Expenditures. Hospital expenditure data are included.
Medicare enrollments and reimbursements data, and Medicare
prevailing charges indexes for General Practitioners and for
Specialists are also included.

(6) Population Characteristics and Economic Data. Included are
age, race, and sex for the 1970 and 1980 population as well
as total population for earlier and more recent years. Also
included are mortality, infant mortality, natality,
morbidity, crime, and housing statistics. Economic data
include civilian employment and unemployment; total, per
capita, and median income; and distribution of families and
individuals by income class.

(7) Environment. This category includes land area, large animal
population, elevation, latitude and longitude of the
population centroid, water hardness index, and climatic data
such as mean temperature, precipitation, and humidity. Also
included are population and percent of population served
with fluoridated water.

(8) Health Professions Training. Included is information on the
number of schools, enrollment, and graduates for major
health professions, as well as limited data on allied health
training. The number of 2-year colleges, 4-year colleges,
and universities are also included.



3.2 THE STATE/NATIONAL TIMESERIES DATA BASE

The State/National Tiineseries Data Base is composed of three files—a
national non-specialty timeseries file containing data for medical
school enrollment, applicants, graduates, faculty positions, Federal
and non-Federal support by category, and median salaries of residents
and interns; a national specialty timeseries file containing
information on under-graduate and graduate positions offered and
positions filled, and a state non-specialty timeseries file consisting
of number of undergraduate schools, total enrollment and total
graduates, plus graduate residents and interns. These files contain
health professions training data drawn from association journals,
together with other data unavailable at the county level and state
summary data from the county file added for convenience.

3.3 THE MICROCOMPUTER DATA SERIES

As mentioned earlier, three series of data are available on
microcomputer diskettes for those users wishing to access subsets of
ARFS data via an IBM PC-compatible microcomputer. These series are:
the Demographic Series, the Health Facilities Series, and the Health
Professions Series.

4. PRODUCTS AND ANALYTICAL CAPABILITIES

The ARFS is designed to be very flexible in terms of the products it
can provide and the analytic capabilities available to the user. The
products currently include both printed reports, copies cf the basic
ARF tape, and floppy diskettes.

4.1 PRINTED REPORTS

The available printed reports are of three types. These types are
standardized profiles, special products, and state resource reports.
Each is discussed below.

The standardized profiles are of three general types. The first are
the Area or Summary Profiles, the second are the Ranking Profiles, and
the third are the Trends Profiles. Descriptions of these standardized
reports follow:

(1) Area Profiles, which display the major data on an area,
provide a compact profile of selected data for a particular
area or set of areas. Such tabulations can be prepared for
any county, state, or group of counties, as well as for the
BEA areas, Ranally Areas, HSAs or SMSAs. Not only can the
data be provided for the individual counties comprised in
such areas, but totals for any of the areas can also be
provided. As an example, a particular HSA might desire a
basic profile of its area and for each county in the ,irea.
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(2) National Summary Profiles are provided with each printed
report requested. Their formats are the same as the Basic
Area Profile and present totals for the entire United
States.

(3) Trends Profiles provide an overview of historical trends in
selected data for a particular area. Trends are provided
for physicians, population and vital statistics, health
professions and facilities, and urban/rural county
distribution of physicians.

(4) The Ranking Profile ranks selected geographic areas
(counties or county groups) on the basis of 35 variables or
ratios of variables contained in the basic Area Resource
File. In this profile, all counties in a state, or all
states in the United States, may be ranked numerically in
either ascending or descending order. For example, a
printout may be provided which ranks physician population
ratios in each county in the United States, starting with
the lowest ratio in any county and the proceeding through
all counties to the county with the highest ratio. Another
standard printout of this type provides selected data
elements in a state and that state's numerical ranking vis-
a-vis other states. Thus, on a single page, one can
identify how a particular area ranks on each of a number of
variables.

The types of special products which the ARFS is capable of producing
are not limited to the' above profiles. By writing special computer
programs tailored to specific data needs, a user may develop other
tabulations of the basic ARF data not available in the standard
profiles. To do this, a user must obtain the ARF on tape or
microcomputer diskette and be prepared to write the needed programs.
In addition, by using commercial graphics packages, tabulated or
transformed ARF data can be used as input to produce computer
generated graphs, charts, and maps. For example, the trend in
physician distribution from 1960 to 1985 could be displayed in tabular
form by AMA county classification code; included in this table would
be physician to population ratios.

4.2 ARF TAPE

A computer tape copy of the Area Resource File (ARF) basic county file
may be purchased from the National Technical Information Service, U.S.
Department of Commerce. The price of the tape and the accompanying
hardcopy User Documentation (NTIS Accession #PB86237880) is
approximately $300.00.

An additional tape is available (NTIS Accession //PB86225570) which
contains the following associated information: Technical
Documentation (1) sorted by start position, (2) with field length and
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alpha numeric indicators, and (3) sorted by field number; User
Documentation; and COBOL and PL/1 file descriptions. The ARF tapes
are physically coded in OS, IBM Standard Label, 9 track, 6250 BPI, and
EBCDIC, but may also be provided according to other technical
specification.

I

4.3 ARF MICRO DISKETTES <

Diskettes of ARF subsets of data are available for the following
series: Demographic, Health Facilities, and Health Professions.
These are in ASCII format and are for use on IBM PC-compatible
microcomputers. The price of the diskettes is $50.00 per diskette.
One diskette contains a single state • or group of geographically
contiguous states, depending on the number of counties within each
state. An additional diskette contains state and national totals.
Each diskette contains data for only one of the three series listed
above, giving a set of three diskettes for most states. All states
for one series or all three series can be purchased for a significant
savings.

5. POTENTIAL APPLICATIONS

The ARF system was initially developed to facilitate health resources
planning and research. Recently, ARF has been applied to other
related areas. For example, the Federal Emergency Management Agency
(FEMA) commissioned a study to develop a prototype contingency plan
for the wartime allocation of health manpower, including both military
and civilian health practitioners. An extension of the application of
ARF for emergency response planning relates to both natural and man-
made disaster response. Specific examples might include availability
and capacity of medical response to various non-war disaster scenarios
such as earthquakes or tornadoes. The same approach could be applied
to planning medical emergency response scenarios for hypothesized
accidents, such as train or truck wrecks involving large scale release
of hazardous substances.

In addition to emergency response planning, ARF has application to
studies involving optimal routing of hazardous or radioactive waste
transportation where routes selected for minimal population exposure
also typically involve minimal availability of medical resources. ARF
can also be utilized in certain areas of epidemiological research.

In conclusion, ARF represents an extremely rich and flexible medical
geographic information system. It has been used extensively in health
resources planning, and as it continues to be enhanced, its range of
applications are expected to significantly expand.
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SAMPLE RANK REPORT BY COUNTY

COUNTY

BARNSTABLE, MA

BERKSHIRE, MA

BRISTOL, MA

DUKES, MA

ESSEX, MA

FRANKLIN, MA

HAMPDEN, MA

HAMPSHIRE, MA

MIDDLESEX, MA

NANTUCKET, MA

NORFOLK, MA

PLYMOUTH, MA

SUFFOLK, MA

WORCESTER, MA

1983 Active
NonfedMDs

271

325

502

21

1044

89

825

267

4370

10

2294

482

4893

1581

Rank (A)
1983 Active
NonfedMDs

5

6

8

2

10

3

9

4

13

1

12

7

14

11

1982 Census
Pop Per

Physicians

592

441

964

452

635

768

555

517

323

663

273

887

136

425

Rank (A)
1982 Census

PopPer
Physicians

9

5

14

6

10

12

8

7

3

11

2

13

1

4

1983 Total
Number

Hospitals

3

5

10

1

20

2

11

6

37

1

19

9

34

23

Rank (A)
1983 Total
Number

Hospitals

4

5

8

1

11

3

9

6

14

1

10

7

13

12

1983 # Short
Term General

Hospitals

2

4

6

1

13

2

8

2

23

1

9

5

16

15
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THE COMPUTERIZED HYPERGOLIC EMERGENCY RESPONSE
PROTOCOL SYSTEM (CHERPS)

Terranee Bilbo and Deborah K. Shaver
ICF Technology Incorporated, Fairfax, VA

Lt. Kurt Held
USAF, Headquarters Space Division, Los Angeles, CA

ABSTRACT

CHERPS is a state-of-the-art, automated, decision support system that
assists decision makers in structuring hazard control and mitigation techniques
for responding to releases of hypergolic propcllants. The system provides timely
access to critical information concerning emergency response actions, location
and availability of response equipment and materials, and existing and expected
hazards. Information concerning the release sourer and conditions allows for the
calculation and display of a preliminary toxic hazard corridor (THC) on digitized
maps of the site and can be used to identify areas that may require evacuation.
Hypergolic propellant characteristics and physical, chemical, and toxicological
data are also accessible through an extensile data base. In addition, the
CHERPS hazardous materials inventory module, once fully integrated, will provide
the capability to satisfy hazardous materials reporting requirements specified in
SARA Title III, as v.ell as emergency response support for other hazardous
materials. CHERPS also communicates site hazard information between groups
responsible for managing, assisting, and responding to an emergency and is
capable of importing data from external sources.

INTRODUCTION

Use and transport of hazardous materials pose a potential threat to human
health, the environment, and systems. To reduce this risk, mechanisms for
reacting to emergencies involving hazardous materials are necessary. ICF
Technology, a nationwide environmental engineering and consulting firm, is
assisting the U.S. Air Force (USAF) to meet this need by developing CHERPS.

CHERPS is designed to assist the Air Force decision maker in responding
to, planning, preparing, and training for emergencies that may occur during the
transport, transfer, or storage of hypergols and other hazardous materials at
Vandenberg Air Force Base (VAFB), California. VAFB was selected for the
prototype CHERPS system because of its launch missions and wide variety of
other industrial operations. The various systems and operations using hypergols
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at VAFB were subjected to thorough engineering evaluations and hazard analyses
to identify the maximum credible release, and all safety/emergency alarm systems
and procedures were identified and included in the response actions.

As an emergency response tool, CHERPS provides decision makers with
quick access to information necessary to manage an incident involving the
release of a propellant, or other material, in an efficient and effective manner
with minimal risk to response and other personnel, and minimum damage to Air
Force systems and equipment. As a planning and preparedness tool, CHERPS can
provide information on locations of hazardous materials and operations, and
necessary personnel, equipment, and logistics required to maximize response
efforts under accident conditions. As a training tool, CHERPS allows for
simulation of various accident situations and analysis of response decisions logged
automatically during each CHERPS session.

SYSTEM DESCRIPTION

CHERPS is designed in a modular format to provide the user with a broad
array of hazard response capabilities. The modular design permits additions and
changes to the overall system to reflect changing needs and varying
requirements. All modules may be integrated with each other. The system
modules include: Hazard Status Information, Decision Scenarios, Graphics
capabilities, a Hazardous Materials Inventory, a Reference Guide and Contingency
Directory, and Communications capabilities.

HAZARD STATUS INFORMATION MODULE. This module allows the input of
parameters, such as the propcllant involved, the operational system involved, and
the location and time of the incident to characterize the site. Based on this
information, CHERPS selects a corresponding decision scenario that advises the
user of proper emergency response protocols given the specific input parameters
defined by the user.

This module also allows the input of data necessary to perform THC
calculations and neutralizer quantity determinations as shown in Figure 1. This
input includes such parameters as meteorological conditions and estimated spill
quantity. THCs are defined in terms of length and width as derived from
separate calculations made using USAF accepted equations: Mountain Iron (South
VAFB), Ocean Breeze/Dry Gulch (North VAFB), or Sudden Ranch (Space Launch
Complex 6 area). CHERPS may also be used to determine the type and quantity
of neutralizer required to render a hypergolic propellant release non-hazardous.
Other PC-compatible dispersion algorithms or hazard assessment models may be
incorporated at the user's discretion.

In addition to selecting the proper response scenario and performing
engineering calculations, this module may also be used to update the hazard
status information of the incident site should conditions (i.e., fire, leak rate,
etc.) change during the course of response activities.
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Figure 1.

Allows Input of
Parameters that
Characterize the

Accident

Decision Logic
Scenarios

(Module Two)

Performs
Calculations

Toxic Hazard
Corridor

Neutralizer
Quantity

DECISION SCENARIO MODULE. A key feature of CHERPS is its presentation of
site-specific scenarios identifying emergency response options for managing a
hypergolic propellant incident. The scenarios are presented logically and
sequentially and are based on both emergency conditions at hand and potential
risks involved.

Each scenario has seven (7) Actions which contain steps requesting
evaluation and consideration of ongoing detailed emergency response protocols.
The Actions and the order in which they appear for user review is called the
Decision Matrix, shown in Figure 2. User response to the questions in each
Action determines which subsequent Action will follow during each CHERPS
session.

Figure 2.

Start

Action 1
Site Assessment

Action 2
Fire Response

Action 3
Control Leak

Action 4
Contain Run-Off

go to action 5

from action 4

Action 5
Assess Damage

Action 6
Off-Load

1

Action 7
Treatment/Cleanup

I
End
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At the start of each Action, the user is provided with a list of assumptions
and a brief summary of hazards associated with the Action. If the Action is
applicable to the incident as defined by the most current hazard status
information, the user is led through the steps necessary to complete the Action.
Both the Actions and the steps are presented in a brief, informative and
straightforward format to satisfy the emergency responder's need for a fast,
effective, and reliable emergency management and decision making tool.

Each step presents a question requiring a "YES" or "NO" reply which leads
to a sequence of additional steps. The steps provide information for handling
emergency situations and identify appropriate warnings, notes, and considerations.
The steps also provide, where appropriate, site specific data concerning storage
vessels, containment volumes, and personal protection systems and equipment.
Such information is stored on a separate screen and may be accessed through a
menu option. Much of this information is actually acquired from background
documentation (i.e., the Hypergolic Emergency Response Guide) stored in one of
the accessible CHERPS data bases (Reference Guide Module).

The system only allows use of the Actions that are applicable to the
situation at hand. For example, if the user utilizes the hazard status
information module to indicate that fire is not present at the incident site, then
Action 2 (Fire Response as identified by the decision matrix) will be skipped
automatically and the user will be presented with Action 3 (Control Leak).

GRAPHICS MODULE. This module presently contains the 68 "C-Tab" Disaster
Preparedness maps covering the entire 54 square miles of VAFB. The data on
these multicolored maps are arranged in layers corresponding to five (5)
magnification levels and include geographical features such as roadways, buildings
and facilities, waterways, and 50-feet surface contours. The approximate scales
of these 5 levels of magnification range from 1" = 30,000' to 1" = 150'. (Note
that the scales are approximate due to dependency on the type of monitor used
to display the graphics.)

In addition, a standard disaster preparedness grid is provided to assist in
communicating the exact location of the incident, THC, and evacuation areas.
This module may also be used to display either a THC calculated using the
hazard status information module or a THC imported using the communications
module on any level of the maps (See Figure 3). Other specific information
relating to the THC (e.g., date and time of the plot, exposure rates in parts per
million, etc.) is also displayed.

HAZARDOUS MATERIALS INVENTORY MODULE. In its final configuration,
CHERPS will be integrated with a Computerized Hazardous Materials Inventory
System (CHMIS). This is a stand alone module designed to provide users with
hazardous materials inventorying capability, a chemical data base (obtained from
the Defense Logistics Agency's Hazardous Materials Information System), and
building-specific information. The CHERPS hazardous materials inventory module
is designed to enable authorities to fulfill a variety of emergency response and
regulatory functions including rapid access to:

M building- and location-specific hazardous materials
inventory information;
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Figure 3.
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X chemical/product specific information on
approximately 26,000 materials, including
ingredients, chemical/physical properties, storage
and emergency response information;

Si MSDS-equivalent data; and

M building-specific information including location,
fire protection features, statistical information
(e.g., square footage, associated structures, etc.),
special hazards and fire department response
assignments.

Both customized and standard (i.e., Tier I and II reports to comply with SARA
Title III) report generation capabilities are available features in this module.
This module may be modified in the future to provide capabilities for emissions
(preparation of EPA Form R) and hazardous waste inventorying.

REFERENCE AND CONTINGENCY DIRECTORY MODULE. CHERPS is capable of
providing quick access to reference information regarding hazard analysis data
for a targeted area: VAFB. This directory currently provides technical support
information specific to propellants and on-site propellant operations such as base
operations plans; existing emergency response procedures; delineations of
authority/responsibility in accident situations; mutual aid agreements with civilian

525



agencies; requirements for notification of local response authorities;
logistics/deployment data (e.g., availability of personal protective gear,
equipment, materials, personnel, vapor suppressants, fire extinguishing agents,
neutralizing agents, etc.); and cleanup/disposal techniques.

This module is accessible at any time during a CHERPS session, but is most
useful when used in conjunction with the scenarios to provide additional
reference material.

COMMUNICATIONS AND JOURNALING MODULE. The CHERPS communications
module links all CHERPS work stations (including a mobile unit) together and
provides an avenue for accepting THC data from the Air Weather Service (AWS)
located at VAFB (See Figure 4). It also provides the ability to distribute
accident status and critical information to other authorities involved in the
emergency response activities. The implementation of the communications module
is accomplished via a Local Area Network (LAN) connecting stations within one
building and modem (telephone or cellular) connections with outside participants.
The communications module automatically logs every session by storing all
responses chosen by the user during a response exercise in an electronic journal.
This module also provides an electronic bulletin board which may be used to
communicate additional reference data to an On-Scene Commander or other
CHERPS work stations. These bulletin board messages, like the user responses,
are stored with the date and time received.

Figure 4.
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This secure journaling and backup capability provides a unique tool that can
be used to evaluate staff performance during training exercises and accident
investigation proceedings. This log also provides a means of returning to
CHERPS should the need arise to shut the system down and restart it at a later
time.
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HARDWARE AND SOFTWARE REQUIREMENTS

The CHERPS hardware configuration at VAFB is based on IBM Personal
System technology. Specifically, an IBM PS/2 Model 80 computer running at 20
MHz, with 2 MB of RAM, a 115 MB hard disk drive, an 80387 math co-processor,
an IBM 16 inch color monitor currently at VGA resolution, a Hayes 9600 baud
modem, a high/low density 3.5 inch built-in floppy drive, and an IBM Token Ring
Network adapter will support the software requirements.

CHERPS will also run on an IBM AT or other compatible Intel 80286 or
80386-bascd machines. The appropriate math co-processor must also be present.
There must also be a graphics board with compatible monitor, cither IBM EGA
(640 X 350 resolution with 16 colors) or IBM VGA (640x480 resolution with 16
colors). CHERPS also supports the NEC GB-1, Tseng EVA board, Quadram
PROSYNC or other compatible adapters. DOS 3.2 or later version is required.

The CHERPS software is based mainly on Microsoft "C" programing. Other
software packages utilized during the development of CHERPS included AutoCad,
Word Perfect, Assembly Language, and Dbase IIl+/Clipper.

SUMMARY

CHERPS is an integrated hazardous materials management and emergency
response system designed to operate on a base or facility level. It is designed
to aid base authorities in providing rapid and effective emergency response
during a hazardous materials/hypergolic propellant incident and in complying with
a variety of different environmental regulations. The following is a partial
listing of some of the regulatory requirements CHERPS may assist in fulfilling
once its hazardous materials inventory module is fully developed:

a. Superfund Amendments and Reauthorization Act (SARA), Title III,
Emergency Planning and Community Right to Know Act

1. Section 302-3: Emergency Planning
2. Section 304: Emergency Notification
3. Section 311: Listing of MSDSs
4. Section 312: Hazardous Materials Inventory
5. Section 313: Toxic Chemical Release (emissions) Reporting

b. Resource Conservation and Recovery Act (as amended by the
Hazardous and Solid Waste Amendments)

1. Tracking of hazardous materials
2. Preparation of associated forms (e.g., manifests)
3. Aid in waste minimization studies

c. Clean Water Act, Spill Prevention Countermeasure and Control Plans

1. Definition of hazardous materials/oil storage and use areas
potential affecting navigable waterways

2. Assistance in the preparation of Spill Prevention and
Response (SPR) plans
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d. Toxic Substances Control Act (TSCA)

1. Tracking and use locations of PCB and PCB-contaminated
items

2. Management of other regulated materials

e. Occupational Safety and Health Act

1. Aids in compliance with worker right-to-know and with
MSDS preparation

2. Provides guidance in complying with general duty clause
requirements for selection of proper personal protective
equipment, training, and response operations
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HOW TO DESIGN SAFE DRILLS AND EXERCISES

SAFE TRAINING AND EXERCISING IS A SOUND FOUNDATION FOR EFFECTIVE
RESPONSE AND REDUCES THE POTENTIAL FOR ADDED COMPLICATIONS DURING A REAL

EMERGENCY.

Cheryl L. Stovall
Tami L. McVey

ABSTRACT

This research paper describes techniques for planning safe drills and
exercises. We've incorporated these techniques into a useful tool.
This tool has been designed as a checklist to make the exercise
designer's job easier. The checklist is divided into four phases:
Inventory, Exercise Design, Exercise Implementation, and Exercise
Evaluation.

INTRODUCTION

Industry and government are committed to protecting the health and
safety of people and the environment. Safety included in every aspect
of emergency preparedness provides a safer work environment staffed with
informed personnel.

TRAINING, DRILLS, AND EXERCISES

Emergency preparedness training includes drills and exercises.
Practicing emergency response is the best way to develop and maintain
the highest level of preparedness. Exercises provide controlled,
ongoing opportunities to review and appraise emergency procedures and
personnel response. Evaluation is an integral component of an emergency
preparedness exercise. Exercise evaluation and critiques document and
validate emergency response capabilities and highlight areas for
improvement. Designing sound drills and exercises, gives planners and
managers the opportunity to test procedures, familiarize personnel with
their duties, and identify areas for improvement.
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A planning process is used to develop four major aspects of an
exercise:

1. Exercise objectives
2. A scenario to test the objectives
3. Conduct of the exercise itself
4. Evaluation

A drill or exercise is an activity which can vary in complexity
and number of participants. The larger and more complex the exercise,
the greater the probability that something could go wrong. For this
reason drills and exercises are conducted on ? frequency which allows
response personnel the training needed to be ready. By including safety
techniques throughout the planning stages the probabilities decrease for
safety violations or accidents.

EXERCISE SAFETY PREVENTS EMERGENCIES

Each step of the exercise planning process should include
attention to safety techniques. Reviewing case studies involving
accidents during exercise play reveals that many situations could be
prevented by added emphasis on safety. Improved safety records build
safer work environments and public confidence in government and industry
capabilities.

SAFETY TECHNIQUES TO ASSURE A SAFE EXERCISE

1. Make sure specific response plans and procedures are
developed and personnel are trained in these emergency actions. Do not
test response personnel on actions which have not been properly
established.

2. Ensure appropriate equipment and tools are available as well
as response personnel trained in the safe and proper use of equipment.

3. Early in the exercise planning process, consider the safety
aspects of the objectives and scenario. Identify potential hazards,
anticipate problems, arid control them. For example, take necessary
action to remove nonessential personnel from the area to be used for
exercise play. Set the stage.

4. Pay attention in advance to any problems which could
interfere with the safe operation of the facility. Operations that
could, if shut down, cause major expense or jeopardize security and
safety can be simulated on paper or demonstrated by briefings.
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5. During drills or exercises, do not require exposure to
extreme weather conditions, high radiation or contamination levels,
hazardous atmospheres, or similar hazards not related to the
demonstration of necessary skills.

6. In scheduling exercises, consider the response by the
participating organizations during adverse conditions such as in
snowfall or heavy rainfall, in extreme temperatures, during traffic
peaks, or at night. Develop contingency exercise plans for the
occurrence of these events. For example, demonstrate field response
with a tabletop exercise in a conference room.

7. Provide advance notice to facility personnel and the
community about the exercise.

8. Conduct a pre-exercise briefing for the exercise
participants and bring special attention to the subject of safety.
Along with other aspects of the exercise, brief participants on the
steps to be taken to maintain safety of the facility during an exercise.
Relate examples of instances where safety was jeopardized in previous
exercises. Instruct emergency response personnel not to take
unnecessary risks themselves or put others at risk. This applies
especially Co the use of equipment such as ambulances, evacuation
vehicles, or monitoring vehicles. Motivate for safety.

9. Set ground rules. Ground rules should define the required
limits of demonstration for response. Clearly establish what play will
be implemented and what play will be simulated.

10. Ensure exercise controllers and evaluators are acquainted in
advance with the exercise plan, scenario, and necessary safety
activities for the facility. Consider staffing the exercise team with a
safety controller, whose main responsibility is to observe the exercise
play watching for conditions which might affect the safety of personnel,
the environment, or the facility.

11. Make provisions to interrupt, suspend, or terminate the
exercise should circumstance arise which make it necessary. All
response personnel, controllers, and evaluators should be rapidly and
unambiguously notified of the change in status from exercise to actual
emergency. Code words can be used, but training must take place in
advance to guarantee all participants understand the system to be used.

12. Take care to ensure that the accident scenario and
conditions are not mistaken for real, particularly where simulated
methods may be used to enhance the degree of realism of an exercise,
such as the use of smoke generators or made up (moulaged) casualties.
Training and briefings can be a way to prevent players from getting
caught up in the play and taking unsafe actions.
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13. During the exercise, begin all communication messages, both
verbal and written, with "THIS IS AN EXERCISE."

14. Be alert. Look for signs and symptoms which indicate lack of
job knowledge or skill. Correct all unsafe acts as soon as they are
observed. Unsafe acts and unsafe conditions are potential causes of
accidents.

15. Consider an incentive award for safe conduct,

16. Evaluate the scenario effectiveness and record strong and
weak points for future use.

17. Investigate all safety violations and try to establish
cause. This will be useful in trying to identify the resolution for the
issue and improve scenario.

18. Documentation will provide a permanent record of the facts
and can be used co ensure future exercises are corrected.

CHECKLIST FOR SAFE DRILLS AND EXERCISES

A Checklist is a useful tool that can provide exercise designers
an expedient way to integrate safety aspects in drills and exercises. A
Safety Checklist is provided in Figure 1, A Checklist for Safe Drills
and Exercises. The checklist is divided into four phases: Inventory,
Exercise Design, Exercise Implementation, and Exercise Evaluation. The
checklist can be used in each phase of the planning process to ensure
integration of safety, i.e., before and during exercise design, before
finalizing and publishing materials, during the exercise, and as a
followup.

SUMMARY

Being successful in safe training prepares personnel for emergency
response that will be effective and efficient. The overall experience
gained in safe drills and exercises builds confidence that in the event
of a real incident the emergency response organizations will protect
personnel and the public as well as themselves. Successful drills and
exercises present a positive public image and prove to neighbors that an
emergency can be managed in a safe way.
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A CHECKLIST FOR SAFE DRILLS AND EXERCISES

INVENTORY

Ensure specific plans and procedures are In place

Ensure personnel are trained In emergency action*

Ensure equipment and tool* are operational

EXERCISE DESIGN

Establish realistic objectives

Develop a credible scenario

Identify and control potential hazards

In scheduling, avoid problem times

Eliminate hazards not related lo the demonstration of necessary sklls
• extreme weather
- extreme temperature
- high radiation or contamination levels
-traffic
- darkness

Establish exercise control for
• Interruption
•suspension
-termination

Establish a contingency plan

Consider effect on routine operations, security, end safety

Set ground rules for exercise play both demonstrated and simulated

Ensure simulated accident conditions cannot be mistaken for real

EXERCISE IMPLEMENTATION

Provide advance notice to faculty personnel and the community

Instruct Players, Controllers, and Evaluators on salety rules and regulations

Ensure Controllers and Evaluators are trained

Observe and enforce use of THIS IS AN EXERCISE"

Correct all unsafe acts

EXERCISE EVALUATION

Collect and document Player, Controller, Evaluates feedback

Keep records

Investigate any situations where safety was Jeopardized

Consider Incentive rewards for exceptional performances I \ / ' •

Figure 1. A Checklist for Safe Drills and Exercises.
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PROCEDURE FOR ESTIMATING FACILITY DECOMMISSIONING COSTS
FOR NON-FUEL-CYCLE NUCLEAR FACILITIES

Steven M. Short
Battelle

Pacific Northwest Laboratory
Richland, Washington

ABSTRACT

The Nuclear Regulatory Commission (NRC) staff has been reapprais-
ing its regulatory position relative to the decommissioning of nuclear
facilities over the last several years. Approximately 30 reports cov-
ering the technology, safety, and costs of decommissioning reference
nuclear facilities have been published during this period in support of
this effort. One of these reports, "Technology, Safety, and Costs of
Decommissioning Reference Non-Fuel-Cycle Nuclear Facilities" (NUREG/CR-
1754), was published in 1981 and was felt by the NRC staff to be out-
dated. The Pacific Northwest Laboratory (PNL) was asked by the NRC
staff to revise the information provided in this report to reflect the
latest information on decommissioning technology and costs and publish
the results as an addendum to the previous report.

During the course of this study, the NRC staff also asked that PNL
provide a simplified procedure for estimating decommissioning costs of
non-fuel-cycle nuclear facilities. The purpose being to provide NRC
staff with the means to easily generate their own estimate of decommis-
sioning costs for a given facility for comparison against a licensee's
submittal. This report presents the procedure developed for use by NRC
staff.

INTRODUCTION

A broad spectrum of types and descriptions of non-fuel-cycle
nuclear facilities exist: anywhere from small individual isotope
production laboratories to large sites with ore-processing operations
that generate tailings piles containing radioactive residues. Such a
large variation made it impossible to develop a generic procedure to
estimate the cost of decommissioning any non-fuel-cycle nuclear facil-
ity. However, segregating non-fuel-cycle nuclear facilities into two
categories, reference laboratory-type facilities (facilities that manu-
facture radioisotopes and/cr use radioisotopes) and reference sites
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(sites associated with materials facilities that require some decommis-
sioning effort), made it possible to develop a generic cost estimating
procedure for laboratory-type facilities.

APPROACH

Development of the simplified cost estimating procedure was pre-
ceded by a robust estimation of the cost to decontaminate and/or decom-
mission individual components within the laboratory. Detailed costs
were developed for each of seven different components assumed to be
common to radioisotope processing and use laboratories: a fume hood, a
glove box, a small hot cell, a laboratory workbench, a sink and drain,
ventilation ductwork, and building surfaces (floor and walls). Also,
since decommissioning costs can vary with different types of contamina-
tion, a detailed cost estimate was made for each of these components for
five different types of contamination: tritium (3H), Carbon-14 (14C),
Iodine-124 (124I), Cesium-137 (137Cs), and Americium-241 (241Am).

The detailed cost estimates were developed for six different cost
accounts: manpower requirements, equipment and supplies required for
decommissioning operations, and volume reduction, packaging, transporta-
tion, and disposal of radioactive waste. Additionally, costs were
estimated for the following four different decommissioning
alternatives:

• decontamination to unrestricted release levels,

• disassembly and disposal of contaminated facility components
without volume reduction,

• disassembly and disposal of contaminated facility components
using sectioning, compaction, and supercompaction, and

• disassembly and disposal of contaminated facility components
using sectioning, compaction, and incineration.

COST ESTIMATION PROCEDURE

Individual Laboratory Components

The simplified procedure for generating decommissioning costs of
individual laboratory components utilizes a unit cost approach. The
unit costs for manpower (UNIT_C^p) and equipment and supplies (UNIT_C£$)
were developed by taking the detailed cost estimates mentioned above and
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dividing by an appropriate physical dimension for each reference com-
ponent. The unit costs for volume reduction (UNIT_CVR), packaging
(UNIT_CP), transportation (UNIT_CT), and disposal (UNIT_CD) of radio-
active wastes were developed by dividing the detailed costs by the
quantity of waste calculated to be generated during decommissioning
operations. The quantity of waste generated during decommissioning
operations was also converted to a unit factor (UNIT_V) by dividing the
total quantity generated by the appropriate physical dimension for each
reference component. The appropriate physical dimension (DIM_PAR) for
each laboratory component is as follows:

• fume hoods - volume (m^) occupied by the fume hood

• glove boxes - volume (m^) occupied by the glove box

• hot cells - volume (m^) occupied by the hot cell

• workbench - length (m) of the workbench

• sink and drain - length (m) of the drain line

• ductwork - length (m) of the ductwork

• walls and floors - area (m^) of the wall or floor

Lastly, the decommissioning of hot cells may yield some lead bricks
that can be salvaged and sold for reuse elsewhere. Consequently, a unit
credit factor (UNIT_CR|_$) was developed by dividing the total 'calculated
salvage value of the lead in the reference hot cell by the volume occu-
pied by the hot cell.

The simplified procedure for generating a cost estimate to decom-
mission individual laboratory components is given in Table 1. An exam-
ple of utilizing this procedure to generate a cost estimate to decon-
taminate a fume hood contaminated with tritium is given in Table 2.

Entire Laboratories

The simplified procedure for generating a cost estimate to
decommission entire laboratories is given in Table 3. This procedure
requires first that the costs to decommission the individual components
in the laboratory be calculated via the procedure outlined in Table 1.
The costs for all of the components are then summed into the individual
cost accounts: manpower, equipment and supplies, volume reduction,
packaging, transportation, and disposal. Because the utilization of
equipment and supplies can be improved by decommissioning several com-
ponents rather than just one. the total cost for equipment and supplies
is reduced significantly (about 67%). Since laboratories contain mis-
cellaneous components other than those evaluated in this study, all of
the costs are multiplied by a factor (approximately 20%) to reflect the
additional costs of decommissioning these additional components.
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Manpower costs need to be further increased (about 50%) to account
for both the additional planning and preparation that occurs when decom-
missioning an entire laboratory and surveying the area after decommis-
sioning operations are complete. Additional costs for both manpower and
equipment and supplies are incurred (approximately 25%) if a laboratory
manufacturing or using transuranic radioisotopes is being decommissioned
because of the added precautions necessary when dealing with
transuranics.

Finally, the decommissioning of entire laboratories may involve a
combination of some components being decontaminated while others are
volume reduced and packaged for disposal. In such instances, the wastes
from decontamination operations will also be volume reduced. This is
accounted for by increasing the cost of volume reduction and, corre-
spondingly, reducing the volume of radioactive waste packaged, trans-
ported, and disposed by approximately 80%.

An example of utilizing this procedure to generate a cost estimate
to decontaminate a laboratory for the manufacture of tritium labeled
compounds is given in Table 4.

CONCLUSIONS

This paper has reported on a procedure to estimate the costs of
decontaminating and/or decommissioning laboratory-type facilities. The
purpose of this procedure is to provide a means for NRC staff to gener-
ate their own cost estimate for a given facility, to compare against a
licensee's submittal.
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TABLE 1. Procedure for Developing a Cost Estimate for Decommissioning Individual Components

Oi

Step
Number

1.

Description

2.

3.

4.

b.

6.

7.

8.

9.

ia.

11.

Equation

The DIM_PAR parameter will have differ-
ent units depending on the component
being decommissioned. The unit factors
in the equations below will correspond-
ingly have different units.

Determine the dimensional parameter (DIM_PAR) for the components to be decommis-
sioned as follows:
a. fume hood - volume (m3) of the hood
b. glove box - volume (i»3) of the box
c. hot cell - volume (m3) of the cell
d. workbench - length (m) of bench
e. sink and drain - length (m) of drain line
f. ductwork - length (m) of ductwork
g. walls - area (*2) of walls
h. floors - area (mZ) of floor

Calculate the aanpower cost to decommission the component.

Calculate the cost of equipment and supplies needed to decommission the component. CgS = (UNIT C E S ) X (DIM PAR)

V = (UNITJ) x (DIM_PAR)

= (UNIT_Cup) x (DIM_PAR)

Calculate the quantity of waste generated, before volume reduction, from decommis-
sioning of the component.

Calculate the volume reduction cost, if applicable, for super-compaction or
incineration.

Calculate the cost to package the waste.

CVR = (UNIT_CVR) x (V)

Cp = (UNIT_Cp) x (V)

Calculate the cost to transport the waste to the disposal site (and regional volume Cj = (UNIT Cf) x (V)
reduction center, if applicable). ~

Calculate the cost to dispose of the waste.

Add up all of the calculated costs.

Calculate the total estimated cost including a 25% contingency.

For hot cells only: Calculate the salvage value of the lead present in the hot
cell.

CD = (UNIT_CD) x (V)

suBjroT = CMP • CES • CVR • cp

C0ST_T0T= (SUBJOT) x (1.25)

CRLS = (UNIT_CRLS) x (DIM_PAR)

CT

Units

(SK/component)

(SK/component)

(m3/component)

(SK/component)

(SK/component)

(SK/component)

(SK/component)

(SK/component)

(SK/coiponent)

(SK/component)



TABLE 2. Example: Generating a Cost Estimate to Decontaminate a Fume Hood Contaminated with

Step Numerical Value

Number of Parameter Cost Calculation

1. DIMPAR = 2.835 NA

2. UNIT C M P = 0.57 CMp = (0.57) x (2.835) - $1.62K

3. UNIT_CES = 0.64 C E S = (0.64) x (2.835) = $1.81K

4. UNIT_V = 0.37 V = (0.37) x (2.835) = 1.05 m3

5. UNIT_CVR = NA NA

6. UNIT^Cp = 0.18 Cp = (0.18) x (1.05) = $0.19K

7. UNIT_CT = 0.05 C T = (0.05) x (1.05) = $0.05K

& 8. UNIT_CD = 1.05 CD = (1-05) x (1.05) = $1.10K

9. NA SUBTOT = 1.62 +1.81 + 0.19 + 0.05 + 1.10 = S4.77K

10. NA COST.JOT = (4.77) x (1.25) = $5.96K
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TABLE 3. Procedure for Developing a Cost Estimate for Decommissioning Entire Laboratories

Step
Number Description Equation

1. Determine the nuiber and types of the major individual components present within the laboratory.

2. Calculate the costs to decommission each of the different types of components by performing
steps 1-8 in the procedure given in Table 1.

3. SUM up similar costs for all components (NC = Nuiber of Components). NC
COST TOTMP = S CMP(i)

i l

NC
COST TOTES = S C E S ( O

il

Ot NC
COST TOTvR = S CvR(i)

i l

NC
COST TOTp = S Cp(i)

NC
COST TOTT = S CT(i)

i l

NC
C O S T J O T D = S Co(i)

~ l

Revise the equipment and supplies total cost to reflect improved utilization. C0ST_T0TES = C O S T J O T E S x 1/3

5. Revise all costs to reflect the additional costs to decommission miscellaneous components
(i.e., refrigerators, freezers, cabinets, ceilings, etc.)

6. Revise the manpower total cost to reflect the planning and preparation that occurs before
decommissioning operations begin and to reflect the cost of the final radiation survey.

COST TOTMP
C0ST~T0TES

vR
C0ST"T0Tp
C0ST~TOTT
C0ST~TDTo

C0ST_T0TMP x 1.20
COST TOTES x 1.20
COSTTOTVR x 1.20
COST'TOTp x 1.20
C0ST~TQTT x 1.20
C0ST"TOTo x 1.20

C0ST_T0T«p = C O S T J O T M P X 1. S



TABLE 3. (contd)

Step
Number Description Equation

7. For transuranic laboratories only: Revise the manpower and equipment and supplies cost to COST TOTup = COST T0Tup x 1.2S
to reflect the added hazards of decontamination a laboratory contaminated with transuranic COSTJOTES = COST^TOTES X 1.25
elements.

8. For cases involving both the decontamination and volume reduction options: Revise the volume C0ST_T0TyR = COST_TOTVR/(0.B)
reduction, packaging, transportation, and disposal costs to reflect the additional volume ~
reduction of waste generated fro* decontamination operations (waste generated from the packaging COST TOTp = (COST TOTp) x (0.8)
and disposal option have already been accounted for). COST^TOTT = (COSOOTj) x (0.8)

COST_T0To = (COSTJOTn) x (0.8)

9. Add up a 11 of the calculated costs. SU8_T0T = COST TOTMP • COST TOTES - COST
TOTVR • COST TOTp"* COST TOTT ~
COSTJOTD

OI

*. 10. Calculate the total estisated cost including a 2SX contingency. COST_TOT = (SUB_T0T) x (1.2S)
09 contingency.

11. For hot cells only: Calculate the salvage value of the lead present in the hot cells by per- NC
forming step 11 in the procedure given in Table 1. Sum over si! hoi cells. SVL = S CRLS(')



TABLE 4. Example: Generating a Cost Estimate to Decontaminate a Laboratory for the
Manufacture of 3H-Labeled Compounds(a)

01

<0

Step
Number

1.

2.

3.

Cost Calculation

• 5 fume hoods with a volume of 2.835 m each; 3 are decontaminated, 2 are packaged for disposal with no volunc reduction

• 6 glove boxes with a volune of 0.324 m each; 3 are decontaminated, 3 are packaged for disposal with no volume reduction

• 20 linear meters of workbenches

• 40 linear meters of ventilation ductwork

• 132 m2 of wall space

• 120 m 2 of floor space.

fune hoods: CMD = 7.97
4s = 8-05

C p = 1.35
CT = 0.55
CD = 11.52

workbenches: CMD = 1.80
Cgg = 2.80
Cp = 0.32
cZ = 0.11
CQ = 1.89

walls: C H p = 7.92
c" = 5.28
Cp = 1.25
CT = 0.33
CD * 6.93

glove boxes: C M D = 5.84
C F S = 7M

Cp = 1.00
C\ = 0.29
Co = 5.51

ductwork: C M P = 2.00
•^ = 1.20
p = 0.56
d = 0.28
Co = 5.88

floors: C M D = 3.60
c"P = 3.60
Cp = 1.58
CT = 0.29
Cn = 5.04

COST IorHp = 7.97 + 5.84 + 1.80 + 2.00 + 7.92 + 3.60 = 29.13
foST~TOrES = 8.05 + 7.42 + 2.80 + 1.20 + 5.28 + 3.60 - 28.35
COST JOT V R = NA
COST TOTp = 1.35 + 1.00 • 0.32 + 0.56 + 1.25 + 1.58 = 6.06
COST TOT. = 0.55 + 0.29 + 0.11 + 0.28 + 0.33 + 0.29 = 1.85
COSTJOTp = 11.52 + 5.51 + 1.89 + 5.88 + 6.93 + 5.04 = 36.77

COST TOTES = (28.35) x (1/3) = 9.45



TABLE 4. (contd)

Stop
Cost Calculat ion

COST_TOTMp = (29.13) x 1.20 = 34.96
COST TOTES = (9 .45 ) x 1.20 = 11.34
COST~IOTp = (6 .06 ) x 1.20 = 7.27
COST~TOTT = (1 .85 ) x 1.20 = 2.22

lJOTp = (36.77) x 1.20 = 44.12

6. COST_TOTHp = (34.96) x ( 1 . 5 ) = 52.44

r. SUB.TOT = 52.44 * 11.34 + 7.27 + 2.22 • 44.12 = 117.39

0. COST TOT = (117.39) x ( 1 . 25 ) = 146.74

(a ) Cobts .ire \n thousands of January 1988 d o l l a r s .
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DECOMMISSIONING AT SELLAFIELD
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DECOMMISSIONING MANAGER

Abstract

The background to the initial Ten Year Plan for Sellafield
is outlined and the decommissioning process for fuel cycle
facilities described and factors influencing the choice and
timing of its stages indicated. The parallel ten year
programme of development work is outlined and some lead
projects and associated development aspects highlighted.
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BACKGROUND TO DECOMMISSIONING WORK AT SELLAFIELD

Sellafield has developed as an Operational Site since the
early 1950's encompassing Reactor and Reprocessing
operations. Many of the existing Reprocessing facilities
will shutdown on termination of the Magncx programme
bringing with it a major decommissioning workload. Until
three years ago only a relatively small number of facilities
were surplus and virtually all were housed in otherwise
Operational plants. In fact the ability to decontaminate
and modify for other uses resulted in many of the first
generation of plants being reused (1). For example
buildings and hot cells have been used for development work
and the first Separation Plant was modified for the
processing of oxide fuels and even since this was
discontinued the building has remained in service providing
active ventilation services to other plants.

THE DECOMMISSIONING PROCESS AT SELLAFIELD

The Decommissioning Process for Reactors which is likely to
apply to BNFL's reactors is recognised as a three Stage
Process (2). The definitions have been modified for fuel
cycle facilities into three Stages described as:-

Initial Decommissioning normally carried out immediately on
completion of Post Operational Clean Out (POCO) marking the
end of the final operational campaign. The objective of
Initial Decommissioning is to achieve a status of maximum
safety with minimum practical Surveillance and Maintenance
requirements where in the ideal case safety is assured by
passive rather than active measures. Initial Decommissioning
is the minimum that must be carried out for all facilities
before any deferral of further decommissioning. As such it
is equivalent to Stage 2 for Reactors ie the status in
which deferral with Surveillance and Maintenance is an
option. It will generally involve extensive
decontamination and immobilisation of radioactivity.

Dismantling of active plant and equipment from within cells
etc and decontamination of buildings.

Demolition of virtually non active buildings.

Deferral pre-dismantling is the Surveillance and Maintenance
phase and between Dismantling and Demolition the Care and
Maintenance phase, This latter has significantly reduced
surveillance requirements. Dismantling and Demolition
equates to Stage 3 for Reactors.
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The Ten Year Programme at Sellafield progresses various
facilities through Initial Decommissioning, Dismantling or
Demolition, the end point and timing being selected on a case
by case basis. It should be appreciated that the terminology
does not necessarily represent the extent of work to be done
eg Initial Decommissioning may itself involve elements of
Dismantling or Demolition as the best way of arriving at the
minimum Surveillance and Maintenance status. Equally all
stages may not be feasible eg demolition of buildings is not
an option until all facilities within it have been shutdown
and dismantled. Where necessary such buildings will be used
to store packed decommissioning waste awaiting final disposal.

TEN YEAR PROGRAMME AT SELLAFIELD

This includes all the currently surplus facilities and those
expected to shutdown during the plan period. Of the fourteen
projects identified, five are in a practical phase and nine
are in the planning phase. It must be emphasised that
planning begins with a scoping study to determine the
extent and timing of each project. Thus the programme with
respect the these projects is provisional and the end point
and/or time-scales may alter.

The strategy is to group the available facilities into
categories and to prioritise action based on the criteria
described earlier. The plant categories are Fuel Ponds and
Decanning, Reprocessing, Plutonium Fuel, Low and Medium Beta
Gamma Effluent, High Beta Gamma Effluent and Miscellaneous
principally the Windscale Pile Chimneys and Enriched (but
un-irradiated) Uranium. Where more than one facility exists
in any category the strategy is to sequence projects to gain
benefits of experience and cost effective repeat use of
equipment and resources. Generally plutonium plants have a
high priority over those with shorter half-life contaminants.

Table 1 lists the programme projects and the time-scales
envisaged for the currently proposed scopes. An outline of
Sellafield's five lead projects already in the practical
phase and of one project completed is given below.

TEN YEAR PROGRAMME PROJECTS

Dismantling and Demolition of Decontamination Centre
(1982-1983)

This building was operated from 1952 to 1982 and contained
tanks in which beta gamma contaminated equipment was
decontaminated prior to maintenance and a cell housing a
glove box suite for alpha contaminated items.
Decontamination to reduce radiation levels permitted hands
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on dismantling and disposal of Beta gamma contaminated
plant and equipment to shallow land burial. The alpha
contaminated material was packaged for further treatment.
The building shell was demolished and the area' now has
office accommodation on it. The project took about eight
months and as it turned out the most difficult safety
aspect was a conventional one of demolishing a building
surrounded by other occupied ones.

Initial Decommissioning of Fuel Pond and Decanning Plant

The Number 1 Pond was built in 1952 to receive, store and
decan irradiated fuel. The Pond containing water to a depth
of 6m is approximately 100m long and 23m wide and twelve sub
Ponds are located in the adjacent decanning building. After
the Windscale Piles closed in 1958 it was used for Calder
Hall Reactor fuel but eventually its function changed to
that of a general purpose store.

Its use as a wet store is being terminated and the objective
of the Initial Decommissioning is to sort the contents,
transfer sludge and materials into other storage or waste
treatment systems and decontaminate the skips for shallow
land burial. Redundant underwater equipment will be
dismantled, size reduced and sentenced appropriately. Pond
dewatering will permit decontamination of walls and floor
to yield a cleaned up facility which can either be
demolished or, as is more likely, reused eg as a waste
preparation facility for decommissioning waste arisings.

Windscale Pile Chimneys Upper Sections Dismantling and
Demolition

These Chimneys presently provide for the ventilation from
the shutdown Windscale Piles and in addition Pile 2 is the
vent stack for the decanning plant described above. New
ventilation plant is being provided for this and the
Chimney's upper sections will be removed thus eliminating
an increasing Surveillance and Maintenance liability. Pile
2 Chimney work poses minimal radiological hazard but Pile 1
Chimney has greater residual contamination as a result of
the Pile 1 fire in 1957.

The decommissioning objective is to remove the sections above
the filter galleries within 5 years and the filter galleries
and the section between them and tne main chimneys during the
following five years.

Coprecipitation Plant

This plant produced mixed plutonium-uranium oxide feed for
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fast reactor fuel. Following planning and preparation
practical work started in 1986 and has progressed well into
the dismantling stage. The objective is to remove all plant
and equipment and return the plant areas to free breathing
condition. This major exercise is typical of the
decommissioning of the alpha facilities to be done in the
future. As such it is the focus of development work for
decontamination and dismantling techniques for alpha plants
as well as waste assay work and waste packaging methods.

Uranium Recovery Plants

These are housed in a number of buildings and were used for
the dissolution, processing, purification and recovery of
un-irradiated enriched uranium residues. The project
includes decontamination, dismantling of plant and
equipment and demolition of the buildings with release of
the land for Site reuse. After decontamination, the
dismantling and demolition waste will go to the Company's
shallow land burial site or surface disposal area.

Operational Reprocessing Plant Glove Boxes

Following improvement and refurbishment modifications to the
main Reprocessing Plant the glove boxes used to house
ancillary equipment such as sample systems and pumps are
redundant. Decontamination work on the corridors housing
them has been carried out to be followed by dismantling,
removal and return of the corridors to free breathing
areas.

DECOMMISSIONING DEVELOPMENT WORK

BNFL has development programmes on enabling technologies in
support of existing and future fuel cycle facilities.
Generic and project specific areas such as decontamination,
remote handling and waste conditioning and treatment have
many aspects in common with decommissioning requirements.
However a ten year parallel development programme has been
identified and initiated targeted specifically at
Decommissioning. The content is comprehensive and the
topics a reflection of the scope of decommissioning at
Sellafield. The Company participates through some of its
decommissioning projects in the Commission of European
Communities current research programme as well as in
collaborative information exchange through the Nuclear
Energy Agency's Technical Advisory Group on
Decommissioning. Close liaison exists with the United
Kingdom Atomic Energy Authority. Much of the development
acknowledges that technology is currently available to
decommissioning facilities safely and the main thrust of
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the programme is towards increasing the cost effectiveness
of the technology and optimising waste management.

Ten Year Development Programme

The Decontamination and Decommissioning Development Programme
was initiated in 1986 and its scope has been gradually
expanded to become a ten year programme with effect from
1988. The work is being organised under four main
headings, Decommissioning Operations, Waste
Decontamination, Segregation and Decategorisation,
Surveillance and Care and Maintenance, Long Term Integrity
of Structures. Some topics overlap these main groupings
and some others are omitted where they form principal parts
of other development programmes so as to avoid unnecessary
duplication.

Decommissioning Operations. This includes eighteen topic
areas in four broad groups:-

Diagnostics and Data Collection
Dismantling and Handling Techniques
Support Engineering
Radiological Protection

Waste Decontamination, Segregation and Decategorisation.
This includes sixteen topic areas in three broad groups:-

Waste Quantification and Assay
Characterisation, Segregation and Disposal of Wastes
Centralised Waste and Effluent Treatment

Surveillance and Care and Maintenance. This includes seven
topic areas in three broad groups:-

Radioactivity Changes
Preparation for and Preservation of Safe Status
Techniques and Documentation

Long Term Integrity of Structures. This includes seven
topic areas in three broad groups:-

Structural Life Expectancy
Engineering Requirements
Integrity Monitoring

Tables 2-5 summarise the topics presently included and
indicate those being worked on currently.
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TABLE 1

Project

a) In Practical Phase

SUMMARY OF PROPOSED TEN YEAR PROGRAMME SELLAFIELD

Proposed Scope Likely Time-scale

No 1 Storage Pond
Some Dm

Pile Chimneys

Coprecipitation
Plant

Uranium Recovery
Plants

Operational

ID, Some Ds,

Ds and Dm of
Upper Sections

Ds

Ds and Dm

Ds ofReprocessing Plant Redundant
Glove Boxes

(b) In Planning Phase

Neptunium Plant ID and Ds

1985 - 1995

1987 - 1997

1986 - 1989

1987 - 1990

1987 - 1991

Caesium Pilot Plant

Parts of Low,
Medium and High
Beta Gamma Liquid
Effluent Plants

Plutonium
Purification Plant

Other Plutonium
Facilities (3 off)

Parts of Oxide
Reprocessing
(Head End) Plant

Hot Cells in
partially converted
Reprocessing
Building

Ds

ID
Some Ds
Some Dm

ID, Ds, and
some Dm

ID and Ds

ID and some
Ds

ID and Ds

1987

1987

1988

1988

1988

1990

- 1992

- 1997

- 1995

- 1995

- 1993

- 1994

1988 - 1993

Key: ID - Initial Decommissioning, Ds = Dismantling
Dm = Demolition
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TABLE 2

TEN YEAR DECOMMISSIONING DEVELOPMENT PROGRAMME

Decommissioning Operations

Mapping
In-situ Monitoring *
Remote Viewing *
QA Procedures

Fixed Remote Manipulators and Craneage *
Robotics *
In-situ - Size Reduction *

- Waste Handling and Packaging
- Effluent Treatment
- Waste Treatment and Conditioning
- Interim Waste Storage

Effluent Monitoring and Control
Asbestos Handling

Temporary Containments *
Installed Ventilation Enhancements *
Portable Ventilation and Filtration Plant *

Personnel Dose Reduction
Protective Clothing Optimisation *

* Ongoing in 1988/89 programme
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TABLE 3

TEN YEAR DECOMMISSIONING DEVELOPMENT PROGRAMME

Waste Decontamination, Segregation and Decateqorisation

Volume Assessments
Monitoring During Dismantling *
Analytical Techniques

Decontamination for Decategorisation
Transuranic Waste Washing and Incineration *
Melting Technology *
Electrochemical and Aggressive
Decontamination

Novel Decontaminants
Decontaminant Effluent Treatments

Segregation Techniques
Recycling of Materials
Waste Packaging *
Waste Transport *
Verification of Waste Categorisation *
Establishment of Trace and Non Active
Waste Categories

Ground Contamination Assessment and

Removal

* Ongoing in 1988/89 Programme

TABLE 4

TEN YEAR DECOMMISSIONING DEVELOPMENT PROGRAMME

Surveillance and Care and Maintenance

Activity Reduction and Growth in Materials *
Non Perishable Containments
Reversible Sealing and Fixing of

Contamination *
Preservation of Equipment for future use

Presentation of Documentation and Records
Monitoring Logistics
Remote Surveillance *

* Ongoing in 1988/89 Programme
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TABLE 5 TEN YEAR DECOMMISSIONING DEVELOPMENT PROGRAMME

Long Term Integrity of Structures

Civil Structures Life Expectancy *
Seismic Considerations *

Corrosion Protection *
Weather Protection
Ventilation *

Radioactive Decay and Growth *

Integrity Monitoring *

* Ongoing in 1988/89 Programme

1988/89 Decommissioning Development Work
Of particular importance to the current year's programme are
aspects associated with the lead projects:-

Coprecipitation Plant Dismantling:- Reusable Modular
Containments/Tiedown and Strippable Coatings/Mechanical
Cutting/Freon Cleaning/Electrolytic Cleaning/In-situ
Plutonium Monitoring and Waste Assay

Fuel Pond and Pile Chimneys:- Water Jet
Decontamination/Water Jet Cutting/Concrete Treatment and
Removal/Remote Handling/Beta Gamma Waste Monitoring and
Waste Characterisation

IN CONCLUSION

The projects being carried out at Sellafield are typical of
the post Magnox workload and provides a feasible programme
in which the Company's decommissioning capability can be
further developed. The ten year plan's mixture of end
point objectives reflect constraints on the extent to which
it is currently practical to decommission. Nevertheless in
conjunction with the integrated development programme it
provides a full scale proving ground for existing, modified
and newer techniques and methodologies.
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ABSTRACT

Copper and copper-base alloys have been accepted or are under active consideration by several countries,
including the U.S., as container and/or overpack materials for the disposal of spent nuclear fuel and high-
level radioactive wastes. A considerable body of knowledge has consequently been amassed regarding,
among other factors, the alloys' corrosion resistance, behavior in radiation environments, mechanical
properties and fabricability. However surprisingly little attention has thus far been given to the exploitation
of these materials in containers for the safe disposal of low-level radioactive wastes (LLW). This paper
discusses selected copper alloys as candidates. Corrosion resistance and mechanical properties are
analyzed with regard to waste form composition and disposal site environments. Fabricability and weldability
are discussed in light of LLW container design requirements. The design, materials selection and fabrication
of a new family of aluminum bronze LLW containers is described.

INTRODUCTION

• While the use of copper and copper-base alloys as container materials for LLW disposal
may appear to some as a rather unorthodox concept, it is in fact based on extensive related research
and development carried out in the U.S. and overseas. The research on which the present
development is based began in the late 1970s when the Swedish Nuclear Fuel Supply Company/KBS
Division (SKBF/KBS) initiated work on oxygen-free copper (99.95+% Cu) for the encapsulation
and burial of spent reactor fuel.(1) Under the SKBF/KBS program, spent unreprocessed fuel would
be sealed in thick-walled copper canisters, the canisters would be filled with pure copper powder,
and the assembly would be hot isostatically pressed (HIPed), forming a solid copper/fuel "monolith"
with an estimated service life of one million years, Figure 1. The plan has been reviewed favorably
by the international scientific community, including the U.S. National Research Council/National
Academy of Sciences and has since been approved and adopted by the Swedish government.^

Progress in Sweden soon provoked an interest in! copper-base materials in the U.S. nuclear
waste community with the result that several agencies of, and contractors to, the Department of
Energy (DOE) included copper-base materials among their spent-fuel burial container options. By
mid-1985, the Lawrence Livermore National Laboratory (LLNL), prime contractor to the Nevada
Nuclear Waste Storage Investigation (NNWSI), and the Rockwell- and subsequently Westinghouse
Hanford Operations (RHO), contractors to the Basalt Waste Isolation Project (BWIP), had initiated
research on copper and copper alloys. Lacking experience with these metals, both the NNWSI and
BWIP contractors sought technical assistance from the copper industry through the Copper
Development Association Inc. (CDA) and the International Copper Research Association, Inc.
(INCRA), two industry-sponsored organizations. CDA and INCRA responded by forming a joint
nuclear waste task force comprised of scientists, engineers and industry executives.

The CDA/INCRA task force recommended a selection of copper alloys based on estimates
of the mechanical, thermal and redox environments anticipated in the proposed waste repositories
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at Hanford, Washington and Yucca Mountain, Nevada.
The recommended materials included pure copper
(UNS C10200), 90-10 copper-nickel (UNS C70600), 70-
30 copper-nickel (UNS C71500) and an aluminum
bronze (UNS C61300). Based on these recommenda-
tions RHO and LLNL undertook extensive corrosion-
test programs to compare the performance of the
copper metals with the ferrous- and nickel-based alloys
options already under study. The BWIP/RHO program
has since been deactivated, however work on the
copper-base materials continues at LLNL. Confirming
investigations, particularly regarding the long-term
effects of high-field gamma-induced radiolysis are
needed, but it has already been concluded that pure
copper, 70-30 copper-nickel and aluminum bronze
appear to be feasible for the containment of high-level
nuclear waste/3''1

Spent fuel canisters must provide "substantially
complete" containment for not less than 300 nor more
than 1000 years; high integrity containers for Class C
LLW (for which copper alloys are also being con-
sidered) are likewise required to remain intact for 300
years. Since copper alloys apparently meet the service
life requirements of these high-level waste containers
and since they have been accepted for the far more
stringent ( I X 10*-year service life) Swedish program,
there seems little doubt they would prove adequate for
Class A LLW packages. For the purpose of the
present investigation it was assumed that an economi-
cally viable (i.e., with practical wall thickness) copper-
base Class A container would have to demonstrate
corrosion resistance adequate to provide a service life
of at least 20 years. An exploratory program was
thereby initiated to determine the technical/economic
feasibility of manufacturing such a container.

CONTAINER MATERIAL SELECTION

Figure 1 A prototype SKBF/KBS spent fuel
burial canister.

The four materials originally recommended by CDA/INCRA to the spent fuel repository
programs were evaluated in terms of their suitability for LLW containers. Selection criteria
included mechanical properties, fabricability, cost-effectiveness and corrosion resistance. Chemical
compositions and mechanical properties of the candidate materials are listed in Tables I and II,
respectively, while the approximate relative costs are shown in Figure 2. Data for Type 304
stainless steel is also included in the tables because the most likely application of copper-base
materials would be as alternatives to the stainless for special-service LLW containers.

Table II shows that the mechanical properties of aluminum bronze approximate those of
annealed stainless steel. While the strength of coid-worked stainless is considerably higher, its
ability to withstand the severe deformation imposed during container manufacture may be
questionable. The mechanical properties of pure copper and 70-30 copper-nickel are significantly
lower than those of the stainless steel. Further, the elastic moduli of copper alloys are typically
about one-half those of steels although that of Alloy C61300 is about two-thirds of steel's.

The general corrosion resistance of the copper alloys appears, on the basis of studies to
date, to be reasonably equivalent to that of stainless steel in a controlled repository environment.0"
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Thus, purely from the corrosion endurance standpoint, copper-base and stainless steel containers
would require approximately the same wall thickness for the assumed >20-year service life, however
the relatively softer pure copper and copper-nickel alloy might require extra wall thickness in a
typical LLW container to match the steel's strength and rigidity. Increasing the wall thickness
would raise both the weight and cost of copper-base containers. This limitation, however, does not
apply to Alloy UNS C61300 because the aluminum bronze's strength is nearly the same as that of
annealed stainless steel; that is, an aluminum bronze container could have about the same
dimensions and wall thickness as an equivalent stainless steel can.

Tabte I Compositions of Candidate LLW Container Materials

NOMINAL COMPOSITION, WT. %

Fe Sn Cr Mn SiMATERIAL

Copper

90-10 Cu-Ni

70-30 Cu-Ni

Aluminum Bronze
(C61300)

Stainless Steel
(Type 304)

99.5

Bal.

Bal.

Cu

-

-

-

Bal.

Al

-

10

30

6.8

Ni

--

1.4

0.7

—

8.0

2.5 0.35 -

Bal. - 19.0 2.0* 1.0*

^Maximum

Table X Typical Mechanical Properties of Candidate LLW Container
Materials

MATERIAL YIELD

Copper
(As Rolled)
('/2 Hard)

70-30 Cu-Ni
(As Rolled)

Aluminum Bronze
(Soft Anneal)
{V* Hard)

Stainless Steel
(Annealed)
[V* Hard)

STR. KSIfMPa)

10 (69)
36 (248)

20 (138)

40 (276)
45 (310)

35 (241)
75 (517)

TENSILE STR.. KSI

34 (234)
42(290)

55 (379)

80 (551)
85(586)

88 (606)
125 (862)

fMPa) El.. %

45
14

45

45
40

62
25
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Figure 2 illustrates the higher cost of both
stainless steel and 70-30 copper-nickel, relative to
aluminum bronze. The figure was prepared largely
on the basis of alloy content and docs not take into
such usual commercial factors as product form,
quantity and scrap value, nor was any assumption
made regarding the added cost for "nuclear" quality,
extraordinary certification or quality assurance.
Relative, rather than absolute costs are shown in the
figure since absolute costs are subject to normal
fluctuations in alloy- and ra<v material prices. The
higher costs of the stainless steel and copper-nickel
alloy arc to a significant extent a result of the high
cost of nickel at the time this paper was prepared
(Fall 1988) and it is possible that the comparisons
may change in the future. However ihc cost ad-
vantage displayed by aluminum bronze is substantial
and this, combined with this alloy's mechanical
properties, were the reasons alloy UNS C61300 was
chosen for the subsequent portion of the program.

Al 1HMZE

III

cu-m

not M

Figura 2 Relative costs of candidate alloys.

ALUMINUM BRONZE (UNS C61300)

ALUMINUM
40 90

1200

1100 •

1000

M (0
ATOMIC PCX CENT ALUMINUM

Figure 3 The copper-aluminum phase diagram
(After Hansen, M. and K. Anderko, Constitution of
Binay Aloys, McGraw-Hill, 1958)

Structure At this point it may be helpful
to describe the aluminum bronzes for those
not familiar with the alloy system. Alloy
C61300 is actually one of the simplest exam-
ples of a family of copper-rich, copper-alumin-
um alloys. The copper-aluminum phase dia-
gram is shown in Figure 3. Alloy C61300,
containing nominally 6.8% Al (range: 6.0-7.5)
falls in the alpha solid solution field at the left
of the diagram, i.e., it is essentially a single-
phase alloy. The alloy also contains small
amounts of iron and tin. Iron acts primarily as
a grain refiner and thereby improves mechan-
ical properties. Tin is intentionally added
because it sharply retards occurrence of a form
of failure known as rnfergranular stress cor-
rosion cracking (1GSCC). Aluminum bronzes
containing no tin arc susceptible to this form
of attack; a minimum of about 0.2% Sn ren-
ders them essentially immune.

Alloy C61300 is a wrought alloy, however
complementary cast versions arc also available.
For example Alloy Ob800, a nickel-aluminum
bronze, is also single-phase in structure. Some
of the higher-aluminum alloys containing
additional alloy constituents have considerably
more complex structures and can be heat
treated to give still higher mechanical proper-
ties, but the simple alpha structure of C61300
is strengthened primarily by cold working.
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Industrial Applkations/CorrotioB Resistance. Alloy C61300 is widely used in industrial
products where corrosion resistance and high strength are required. Typical products include
corrosion resistant vessels and tanks, heat exchangers, piping and structural components of a
considerable variety. The alloy is also used extensively in marine service, as for corrosion-protective
sheathing, piping and high-strength fasteners. Among the alloy's best-known uses is in condenser
tubes and tubesheets for salt- or brackish-water service.15*' Alloy C61300 and similar aluminum
bronzes are also suitable for containment of all but highly oxidizing acids; the alloys are routinely
used in contact with acetic, dilute sulfuric and sulfurous, hydrochloric, phosphoric, hydrofluoric,
lactic, tannic, formic and other acids.(7) Aluminum bronzes, like many copper alloys are corroded
by aqueous ammonia solutions, however unlike brasses the aluminum bronzes can withstand
concentrations up to 500 ppm ammonia without developing mwtygranular stress corrosion cracking.
As mentioned above, Alloy C61300 is not susceptible to intergranular stress corrosion cracking in
media, such as superheated steam, which have been known to provoke the effect. Chlorides do not
cause stress corrosion cracking in aluminum bronzes as they do, for example, in stainless steels.

The most extensive study of underground corrosion, and one which has been cited as a
basis for (he preliminary screening of candidate burial containers, is that of Romanoff/*' An
aluminum bronze was included among the alloys investigated in this work. Samples removed after
burial in 47 different soils after up to 13.4 years exhibited responses ranging from no attack at all
to surface roughening, shallow pitting (<6 mils) and occasional de-alloying (dealuminification),
which occasionally arises in the higher-aluminum bronze (9.5% Al) used in the Romanoff study.
Pitting rates ranging between 0 and, in one soil, 9 mils/year. No cases of severe, destructive
corrosion were observed. It should also be added that an analysis of the Romanoff data conducted
by the Swedish Corrosion institute'" judged its conclusions to be overly harsh, particularly with
regard to pitting rates in copper alloys. The more detailed Swedish work concluded that actual
long-term pitting rates will be considerably lower than projected by Romanoffs data. One the
basis of these findings, it appears that aluminum bronze containers would provide more than
sufficient corrosion resistance to endure as LLW waste containers for periods in excess of 20 years.

PROTOTYPE FABRICATION

Having selected Alloy C61300 as a viable container material, it was decided to proceed
directly to the fabrication of a prototype container. Sheets of 16-ga. Alloy C61300 (Ampco 8) were
supplied by Ampco Metals, Inc., a large primary supplier of the alloy, to the Cleveland, Ohio
facilities of Packaging Specialties, Inc., a manufacturer of metal containers for the radwaste and
hazardous chemical technologies. The sheet was supplied in both the annealed and cold rolled
conditions to determine if metallurgical condition had any bearing on the alloys suitability for this
product form.

The container configuration selected for the prototype was of a size and design presently
manufactured in both carbon steel and stainless steel. However the gage used in the prototype (16
ga.) was considerably heavier than the 20-22 ga. normally used for a can of the size chosen. This
made the prototype a more severe test of the material's ability to be welded and formed into rela-
tively small-diameter bends. Thus commercial containers of the size used for the prototype would
ordinarily be made in a lighter gage.

The prototype container is technically described as a Shipping Container, Full Open Head
Type, with a capacity of 5.8 U.S. gallons (0.78 ft3). It is 10.5 in. in diameter (I.D.) and has an
internal height of 15 in. It is in fact a standard commercial product form bearing Packaging Spec-
ialties' Part Number 105016PSEXPE. A sketch of the can's design is shown in Figure 4; details
of areas with severe deformation include the upper curl and lower chime, as shown in the figure.

The manufacturing techniques used to form the prototype bronze containers were
conventional and are well known in the packaging industry. The raw material is in the form of
sheet; in this case Alloy C61300 sheet was supplied in two conditions: annealed and cold rolled.
After cutting to the needed size the sheet is rolled into a cylinder of approximately the diameter
desired. The cylinder is next fixtured in an automatic welding machine.
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Figure 4 Standard waste container design used as prototype in this study.
Severe deformation at upper curl and lower chime require adequate ductility in
container material.

Welding. Automatic resistance welding is normally employed for steel containers and it was
initially assumed that this process could be used with aluminum bronze as well. However the
aluminum bronze's tenacious protective oxide Film, which accounts for the alloy's corrosion
resistance, makes resistance welding somewhat difficult. This factor, plus the heavy gage sheet used
in the prototype, made automatic tungstcn-incrt-gas welding (TIG, or GTAW) a more attractive
alternative. Welding was therefore performed using a 250-amp AC TIG welding machine equipped
with automatic feed. Longitudinal welds were formed in a single pass using AMPCO-TRODE 10
wire, 0.045 in. diameter. Although judged to be slightly more difficult to weld than stainless steel
by welding operators inexperienced with the ?iloy, the aluminum bronze presented no serious
problems; the welding parameters used fell well within the range of standard manufacturing tech-
niques.

Roll Forming. The upper curl, rolling hoops and bottom chime are nationally formed
by sets of contoured rolls. As the container is rotated the rolls are hydraulicaliy driven against
the container material. Deformation is done at ambient temperatures. No extraordinary problems
were encountered, both the annealed and cold rolled aluminum bronze deformed without difficulty.
The material is somewhat more formable than conventional container materials and this, combined
with the heavy gage used, required machine speeds to be lowered slightly. The finished container
prototype is shown in Figure 5.

It appears that the aluminum bronze selected as a candidate LLW container material lends
itself conveniently to the manufacturing techniques of the steel drum industry. Little if any
difficulty is expected in manufacturing round containers in sizes up to 30 in. in diameter. Such
containers can be considered as a standard commercial material option by the nuclear industry.
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Figure 5 Prototype aluminum bronze LLW container.

CONCLUSIONS

The following conclusions can be drawn from the results of this prototype development
program:
1. Copper alloys are feasible candidates for nuclear waste disposal;
2. Because the corrosion resistance of copper alloys has been judged to be adequate for spent

civilian reactor fuel and other high-level wastes, they should be adequate for LLW or at least
Class A, and most likely Classes B and C;

3. The mechanical properties of aluminum bronze (Alloy UNS C61300) are comparable wilh
annealed Type 304 stainless steel;

4. The cost of aluminum bronze is competitive with Type 304 stainless steel;
5. Aluminum bronze is readily formable and weldable in both annealed and cold-rolled forms;

no difficulties were encountered in the manufacture of two prototype LLW containers.
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ABSTRACT

Methyl ethyl ketone (MEK or 2-butanone) has been found in a majority of
wells installed in the Mashpee Study Area as part of the Task 5
(Mashpee Groundwater Study) Installation Restoration Program activities
at the Massachusetts Military Reservation, Cape Cod, Massachusetts.
The concentration and occurrence of MEK within the wells of the study
area, however, exhibit significant spatial and temporal variability for
six sampling rounds conducted between May 1987 and February 1988.
Correlation of MEK occurrence and concentrations for repeat samplings
from wells is typically poor. Such observations have raised the
question as to whether MEK is actually present in groundwater at the
Mashpee Study Area.

Data validation, quality assurance/quality control audits, special
samplings using modified techniques, and review and modification of
analytical methods for MEK have been undertaken to evaluate the MEK
data. Results from these activities suggest that much, if not all, of
the MEK occurrences detected in groundwaters within the study area may
be false positives. Such false positives could have resulted from (1)
possible contamination during sample collection, (2) possible
laboratory contamination, and (3) inherent lack of sensitivity for MEK
in the analytical techniques employed.

INTRODUCTION

The Mashpee Study Area is located along the southeastern boundary of
the Massachusetts Military Reservation (MMR), Cape Cod, Massachusetts.
The area is located between Ashumet and Johns ponds and extends
northward to the MMR boundary (Fig. 1). During Task 5 of Installation
Restoration Program activities conducted at MMR by E. C. Jordan
(Jordan), 47 groundwater monitoring wells were installed in the Mashpee
Study Area during March and April 1987 (Fig.l). The wells were
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installed in 11 clusters to evaluate groundwater quality within
specific depth intervals in the subsurface at each cluster locality
(E. C. Jordan 1988). Nine well clusters (clusters 511 through 519)
were installed along the MMR boundary, downgradient from potential
groundwater contamination sources at the facility. Two well clusters
(clusters 520 and 521) were installed within the Briarwood subdivision
to evaluate potential groundwater underflow beneath Ashumet Pond.

Six rounds of groundwater sampling were conducted during a 10-month
period to determine the presence of Hazardous Substance List (HSL)
compounds in the Mashpee Study Area. Results from all sampling rounds
indicate the presence of methyl ethyl ketone (MEK or 2-butanone) in
some of the wells for each sampling round. The occurrence of MEK is
very erratic and exhibits poor spatial and temporal correlation.
Typically a given well does not have repeat MEK occurrences on
subsequent sampling rounds. Additionally, MEK concentration ranges are
highly variable between sampling rounds.

Methyl ethyl ketone was detected in wells within well clusters 520 and
521. Although these wells are downgradient from potential sources at
MMR, analysis of regional groundwater data (E. C. Jordan 1988) suggest
that these wells are located in a groundwater flow "shadow", created by
the presence of Ashumet Pond. As such, groundwater monitored by well
clusters 520 and 521 is not influenced by flow from MMR. Therefore, it
is hydrogeologically unlikely that MEK detected in these wells
originated from the potential source areas on the MMR.

The extreme variability of the analytical results for MEK and its
occurrence in wells that are hydrologically isolated from plausible
source areas raises questions about whether MEK is actually present in
groundwaters of the Mashpee Study Area, or whether its presence is an
artifact resulting from sampling or laboratory contamination, or from
analytical uncertainties, or from both. The purpose of this paper is
to discuss the steps undertaken to attempt to resolve these questions.
Data for MEK will be reviewed, data validation and sampling procedure
modifications will be described, and analytical difficulties for MEK
will be discussed. Finally, we will present the conclusions, based on
Jordan's best technical judgement using the available data, that (1)
the MEK concentrations observed are largely artifacts of sampling
problems and analytical uncertainties, and (2) MEK is likely not
present in significant concentrations, if at all, in groundwaters at
the Mashpee Study Area.

REVIEW OF MEK ANALYTICAL RESULTS

A total of six full sampling rounds were completed in the groundwater
monitoring wells of the Mashpee Study Area. Sampling rounds 1 through
4 were conducted monthly during the period May through August 1987.
Sample collection following standard Jordan sampling procedures and
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sample analysis was by the U. S. Environmental Protection Agency
(USEPA) Contract Laboratory Program Volatile Organic Analysis (CLP-VOA)
methodology. Sampling rounds 5 and 6 were conducted in November 1987
and February 1988. Samples from both rounds were analyzed with a
modification USEPA method 8020 in an attempt to improve analytical
sensitivity for MEK. Additionally, field equipment cleaning procedures
were modified in round 6 to evaluate possible sample contamination by
this process. A special sampling of three wells was conducted in
October 1987 to evaluate possible sample contamination by sampling
procedures.

Concentrations of MEK obtained from the samplings ranged from below
detection limits to 640 ppb. Data for MEK occurrences are nearly
random, with MEK detected during one round of sampling and not being
detected during subsequent sampling rounds from the same well. Within
every well cluster sampled, however, MEK was detected at least once.
Within the 47 wells within the Mashpee Study Area, only well 515C had
MEK in all six regular rounds of samplings,with concentrations ranging
from 10 to 78 ppb. Only three monitoring wells never had MEK and the
remainder of the wells had MEK occurrences at least once within the six
sampling rounds. The percentages of MEK occurrences for the six
sampling rounds are: (round 1) 30%; (round 2) 30%; (round 3) 32%;
(round 4) 21%; (round 5) 47%; and (round 6) 19%.

Selected MEK data from the six sampling rounds for two monitoring well
clusters are illustrated in Figs. 2 and 3. The data demonstrate
typical patterns for MEK occurrence in groundwaters from the Mashpee
Study Area. Well cluster 512 (Fig. 2) had MEK occurrences on all six
sampling rounds. There were three occurrences on the first sampling
round, one occurrence each on the second, third, and sixth sampling
rounds, and two occurrences on the fourth and fifth sampling rounds.
Wells 512B and 512D had occurrences on three sampling rounds, two of
them consecutive for well 512B and none of them consecutive for well
512D. For both wells, MEK concentrations between the sampling rounds
varied by a factor of as great as 5. Wells 512C and 512E both had two
consecutive MEK occurrences, with MEK concentrations varying be a
factor of 3 between samples in well 512C, and remaining nearly constant
in well 512E. In well cluster 519, only four of the five wells could
be sampled for all of the rounds. There were MEK occurrences only in
the second and third sampling rounds (Fig. 3). Well 519B had the only
occurrence in round 2 and wells 519B and 519D had the only occurrences
in roxind 3. Only well 519B had consecutive occurrences, but the MEK
concentrations differed by a factor of at least 2.

DISCUSSION

The erratic occurrence of MEK in groundwater in the Mashpee Study Area
raises the question as to whether or not MEK was present in the
groundwater. To evaluate this question Jordan (1) completed data
validation and quality assurance/quality control (QA/QC) audits; (2)
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Fig. 3. Analytical results for methyl ethyl ketone (MEK) from four of
the five groundwater monitoring wells in well cluster 519.
Analytical results from well 519E are not illustrated because
the well did not yield sufficient water for sampling during
several sampling rounds.
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reviewed analytical methods for MEK; (3) conducted a special sampling
program; and (4) completed additional data aralyses.

Data Validation and Quality Assurance Audit

Data for the initial four sampling rounds of the Mashpee Study Area
wells were validated using USEPA Region 1 protocols. Additionally, all
field and laboratory procedures were subject to a QA/QC audit by both
Jordan and Martin Marietta Energy Systems personnel. All data from the
four sampling rounds were validated and there was no indication that
deviations from Jordan's sampling procedures may have been responsible
for spurious MEK contamination of samples. The results of the QA/QC
audit suggest, however, that MEK values <50 ppb should be considered
estimates. Values above that level are likely within the expected
precision and accuracy for the analytical method utilized.

Analytical Uncertainties for MEK

The USEPA CLP-VOA analytical protocol does not measure MEK with good
precision or accuracy (Sauter and Downs 1988). Among the reasons for
this are the fact that the CLP-VOA analytical protocol was developed
for a suite of predominantly nonpolar compounds that did not originally
include MEK. Methyl ethyl ketone, which is polar, was added to the
list of compounds to be analyzed for following the CLP-VOA protocol
after the analytical method was developed. Because of its polar
character and relatively high water solubility, MEK analyses by this
method may be subject to both concentration- and matrix-dependent purge
and trap efficiency problems. Additionally, critical analytical
parameters, such as quantitation mass, spectral features, and physical
properties do not match well with the internal standards and surrogates
utilized for QA/QC in the CLP-VOA protocol. Thus, the technique is not
optimized for MEK and analytical results for MEK can lack qualitative
and quantitative reliability (Sauter and Downs 1988).

Analytical uncertainties introduced by this situation are difficult to
evaluate (Sauter and Downs 1988) . In an attempt to make such an
evaluation, the procedures used to analyze for MEK were modified for
samples obtained from the "special" sampling and from rounds 5 and 6.
A modification of USEPA method 8020 involving purge and trap isolation
coupled with analysis by a capillary gas chromatograph equipped with a
photoionization detector was used to increase analytical sensitivity
for MEK. Comparison of the number of MEK occurrences obtained in
sampling rounds 4 and 5 suggests that the different analytical
technique did increase MEK sensitivity but that this increased
sensitivity did not change the erratic character of the MEK
occurrences.

Results from the Special Sampling Round

Wells 512D, 516B, and 520B were sampled in October 1987. The wells
were selected, based on results from the first four sampling rounds, to
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cover the range of observed MEK occurrences, including (1) a well in
which MEK was always reported (512D), (2) a well in which MEK and PCE
were always reported (516B), and (3) a well in which MEK was reported
only once (520B). An extensive blank program was designed to address
possible sources of MEK contamination associated with the sampling
process. Blank water samples from the sampling preparation area, trip
blanks, and field blanks were included in the blank program. All
blanks and groundwater samples were collected and analyzed in four
replicates using the modified USEPA 8020 analytical method to increase
sensitivity for MEK.

Methyl ethyl ketone was not detected in any of the blank samples, but
was detected in wells 512D and 516B. Within well 516B, however, MEK
was detected in only two of the four replicates. The erratic
distribution of MEK in the sample suggests that its presence may be an
analytical artifact. Additionally, the absence of MEK in all other
blanks, replicates, and samples from the other wells suggests that the
presence of MEK in well 516B is not due to systematic contamination
associated with the sampling protocol.

Results from Sampling Round 6

The monitoring wells in the Mashpee study area were sampled in February
1988 to evaluate the effect of* equipment decontamination procedures on
MEK occurrence. Organic-free water was used in place of the methyl
hydrate normally used for sampling equipment decontamination.
Additionally, three wells (512D, 516B, and 52OB) were sampled both with
a submersible Keck pump and with a bailer rinsed in organic-free water.

Methyl ethyl ketone was found in samples collected with the bailer from
wells throughout the Mashpee Study area, but at a lower frequency and
with typically lower concentrations than observed for previous
samplings of a given well. For the three wells sampled with both
techniques, only the sample obtained by the bailer from well 516B was
positive for MEK. The sample obtained from well 516B with the Keck
pump was negative, as were all other samples obtained from the other
two wells by either sampling technique.

The significantly lower frequency of positive MEK occurrences and the
lower concentrations strongly suggest that the methyl hydrate
decontamination procedure may be introducing MEK into some of the
groundwater samples obtained from wells in the Mashpee area. The lack
of MEK in a sample obtained with a Keck pump, while a sample obtained
with a bailer from the same well had a positive MEK occurrence, further
suggests that something in the sampling procedure may be introducing
MEK into samples at the time of their collection.

Correlation of MEK With Other Contaminants

The association of MEK with other organic compounds detected in the
Mashpee Study Area wells was investigated using data from the sampling
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rounds 1 through 4. In addition to MEK, trichlorothene (TCE),
tetrachloroethene (PCE), toluene (TOL), methylene chloride (MEC1), and
acetone (ACE) have been detected in groundwaters from the study area.
Correlation analysis of occurrence patterns for these compounds (Sauter
and Downs 1988) indicates that MEK occurrence is most closely
correlated with ACE (correlation coefficient of 0.468) and to a lesser
degree with MEC1 (correlation coefficient of 0.406). Correlation of
MEK with either of TCE, PCE, or TOL are significant lower (correlation
coefficients typically <0.200). Both ACE and MEC1 are thought to have
been introduced into the samples by either sampling or laboratory
contamination, although, like TCE and PCE, they are anthropogenic
contaminants known to have been used in large quantities at MMR.

Comparison of MEK occurrence patterns in groundwaters at the Mashpee
Study Area with occurrence patterns for PCE indicate that MEK typically
exhibits significantly more erratic behavior than other contaminants
detected at the Mashpee Study Area. Concentrations of PCE in monitoring
well clusters 512 and 519 measured during the six sampling rounds are
illustrated in Figs. 4 and 5 (compare with the MEK data for these well
clusters illustrated in Figs. 2 and 3). In well cluster 512 (Fig. 4),
wells 512D and 512E have PCE occurrences in at least four of the
sampling rounds, and the PCE concentrations measured exhibit
significantly less variability than those for MEK. The somewhat
sporadic detection of PCE in well 512E is thought to be due to the fact
that the PCE concentrations in the well are close to the detection
limits for that compound. In well cluster 519 (Fig. 5) both wells 519A
and 519B have PCE on a relatively consistent basis. As was noted with
cluster 512, the concentrations of PCE measured exhibit relatively
small fluctuations, especially in well 519A. Well 519B, like well
512E, has PCE concentrations close to analytical detection limits.

SUMMARY

The occurrence of MEK in groundwaters at the Mashpee Study Area is
highly erratic. Results for MEK exhibit large spatial and temporal
variations, and the correlation of the recurrence of MEK occurrences is
poor. Concentration ranges for MEK for each sampling round are widely
variable and do not correlate between rounds. Additionally,
correlation of MEK results with those for other known contaminants at
the study area is poor.

Based on (1) the lack of spatial, temporal, and between round
correlation of MEK occurrences; (2) the inherent analytical
difficulties of the USEPA analytical protocols for MEK; and (3)
possible spurious laboratory and field contamination of samples with
MEK, it is Jordan's conclusion that the occurrence of MEK may be
completely due to synergistic sampling and analysis artifacts. Given
the analytical uncertainties, however, it cannot be concluded
unequivocally that MEK is not be present in low concentrations within
groundwaters of the study area, and that its erratic occurrence could
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Fig. 4. Analytical results for perchloroethene (PCE) from the five
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Fig. 5. Analytical results for perchloroethene (PCE) from four of the
five groundwater monitoring wells in well cluster 519.
Analytical results for well 519E are not presented because
the well did not yield sufficient water for sampling during
several sampling rounds.
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not be due to complications caused by Loss of MEK from samples by
biological, chemical, or physical mechanisms, such as biodegradation or
stripping by particulate matter (Sauter and Downs 1988).
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ABSTRACT

Eight sites at Volk Field Air National Guard Base (ANGB), Camp Douglas, WI and affiliated Hardwood
Range were identified as being, or potentially being, sources of environmental contamination. These
facilities are located in South Central Wisconsin within an area known as the driftless zone. The base is
on gently undulating land surrounding sandstone buttes. The sites are underlain by unconsolidatsd sands
and clays (Pleistocene lake deposits) and sandstones (Cambrian). The sites include one bulk fuels storage
area, one PCB disposal area, one munitions disposal area, three former landfills and a fire training area.
The multi-faceted approach used to conduct the investigations included soil-gas surveys, geophysical
surveys, soil sampling and analysis, ground and surface water analyses, slug tests and an aquifer pumping
test.

The work at the Fire Training Area provides an opportunity to illustrate the usefulness of multiple
techniques in performing a remedial investigation. A soil-gas survey delineated an area of probable
solvent and fuel contamination. Drilling and monitoring well installation verified the presence of
contaminants and indicated that ground water was contaminated with trichloroethylene, benzene, toluene,
and xylenes beyond the plume boundary estimated by the soil-gas survey. Slug and aquifer tests were
conducted to evaluate aquifer properties. The work to date tentatively identified the need for additional
studies to characterize the extent of contamination at this and five other sites.

This work was completed by Engineering-Science, Inc. under an agreement with Martin Marietta Energy
Systems, Inc. Funding for this project was provided by the Air National Guard Bureau.

INTRODUCTION

The purpose of this paper is to present the approach used to perform a Site Inspection (SI) and Remedial
Investigation (RI) under the Installation Restoration Program (IRP) at Volk Field Air National Guard
Base (ANGB). The methods used in performing this work will be evaluated. This paper is not intended
to provide a detailed explanation of any new methods of obtaining information but rather how some
established methods are being employed to address environmental issues at federal facilities.

In this paper, the following aspects of the SI/RI will be discussed:

• Site descriptions and history.

• Overall approach to the investigation.
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• Methods employed to gather data.

• Evaluation of the usefulness and reliability of data.

• Future investigative needs.

BACKGROUND

Volk Field ANGB is located approximately 90 miles northwest of Madison, Wisconsin, in Juneau County.
It is one of four Field Training Sites operated by the Air National Guard. Hardwood Range is located
approximately 25 miles northeast of Volk Field near the town of Finley in northeastern Juneau County.
Hardwood Range is also operated by Volk Field personnel.

Volk Field ANGB and Hardwood Range are within the Wisconsin Central Plain Physiographic Province,
a subsection of the Central Lowland Physiographic Province within an area known as the driftless zone.
This area is characterized by flat or gently undulating topography with generally low relief except for the
sandstone buttes located at Volk Field ANGB. These bultcs rises 100 to 300 feet above the surrounding
lowlands. Volk Field ANGB is located within the drainage basin of the Lemonweir and Little Lemonweir
Rivers. Surface waters on the north and northwest portions of the base flow north and northeast towards
the Lemonweir River. The remaining portions of the base drain to the southeast into the Little
Lemonweir River. Runoff is facilitated by a system of drainage ditches. Hardwood Range is within the
drainage basin of the Yellow River which joins the Wisconsin River approximately 25 miles south of
Hardwood Range.

The hydrogeology at both areas can be summarized as unconsolidated Tine to very fine sands with some
clays overlying fine to very fine grained sandstone. Deposited within a 1,800 square mile Pleistocene lake,
referred to as Lake Wisconsin, these unconsolidated sediments have thicknesses of generally less than 40
feet at Volk Field and 75 to 150 feet in the vicinity of Hardwood Range. The sandstone is very friable and
may be interbedded with shale at depth. The sandstones are Cambrian-aged with thicknesses at Volk
Field of at least 300 feet thick. Underlying this sandstone unit is a Precambrian core which consists of
granite and undifferentiated igneous and metamorphic rocks. Groundwater occurs in all three geologic
units. No extensive confining beds are evident and the units are considered to be hydraulically connected.
Water supplies for public use are taken primarily from water contained within pore spaces of the
unconsolidated sands and sandstone units. Groundwater flow at Volk Field ANGB is generally easterly
towards the Lemonweir River. Groundwater flow at Hardwood Range is from north to south. Hydraulic
gradients are relatively low at both locations (approximately 0.003 ft/ft.)

SITE DESCRIPTIONS

A Phase I Record Search for Volk Field ANGB was conducted by the Hazardous Material Technical
Center (HMTC, 1984) that identified sites having a potential for the migration of contaminants. The
eight sites studied are shown on Figure 1.

Site 1, Fire Training Area, consists of one visible fire training pit where fire training exercises and disposal
of waste fuels and solvents took place between 1945 and 1980. It is estimated that between 144,500 and
266,500 gallons of solvents and fuel have seeped into the ground at this site. A number of wells were
present at the site prior to this investigation (Figure 2).
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Site 2 is the location of Former Landfill C, which was used from 1954 to 1984 for disposal of general
municipal wastes, various solvents, automotive fluids, and amunitions. The site is located along the base
boundary in a swampy area. The landfill is above ground and well defined.

Site 3/6, Fuel Spill Site, is located in the petroleum, oil and lubricant (POL) storage area. Site 3/6
consists of two sites combined into one investigation area because of the close proximity of each site to
one another and the similar nature of the spills. At Site 3 routine spills of JP-4 and AVGAS have
occurred from the 1950s to present as the result of daily operations at the POL storage area. It is
estimated that a discharge of approximately 3,000 gallons of fuels has occurred at this site. Site 6 is
located 200 feet northeast of Site 3. At this location approximately 3,500 gallons of JP-4 was released to
the ground surface in 1980. Approximately 1,000 gallons were recovered and the remaining fuel either
evaporated or seeped into the ground.

Site 4 is the Transformer Fluid Disposal Site. Fluid from ten retired transformers was emptied onto the
ground in 1967 or 1968 at this location. Although the material discarded at this site was never analyzed,
transformers from this time period often contained PCBs.

Site 7 is the location of Former Landfill A. This landfill was used from the early 1900s to approximately
1954. Materials disposed of at this site reportedly included fuels, solvents, paints, and munitions, as well
as municipal refuse. The boundaries of this landfill are not visible and have not been recorded.

Site 9 is the location of Former Landfill B. This site is immediately south of Site 1, Fire Training Area.
Materials buried at this site may have included general refuse, lead, ammunition, and possibly a C-47
aircraft. The boundaries of this landfill are not visible (Figure 2).

Site 10, located at Hardwood Range, is a munition burial site. At this location, spent ordnance had been
burned an average of once each year since 1976. On each occasion, approximately 500 gallons of waste
fuels, solvents and thinners were employed as fuel for burning the ordnance. Following burning, this
material was buried. Two areas where burial has occurred are visible.

METHOD OF INVESTIGATION

In this section the multi-faceted approach used to address the environmental concerns at Volk Field
ANGB is discussed. The Phase I Record Search conducted at Volk Field provided some of the
information required for further implementation of the IRP. Information contained in this record search
documented that contamination at Site 1, Fire Training Area was present. This conclusion was supported
by data contained in reports prepared by the Air Force Engineering and Services Center and the USEPA
Environmental Research Laboratory. Based on these documents it was determined that an RI would be
performed at Site 1. The purpose of the RI was to gather data to attempt to fully characterize the
magnitude of contamination source and the extent that contaminants have migrated from the site.
Information contained in the reports described above indicated that contaminant migration was of limited
areal extent. It was decided that a conservative approach would be used to characterize the extent of
contamination. Because of this approach, provisions were made within the project work plan to allow for
additional field work, if needed. The remaining seven sites would be investigated by an SI with the
purpose of confirming the presence or absence of contaminant migration. The data required for the SI
and RI at these sites was gathered by: reviewing previous investigations and base records; performing
geophysical surveys; performing soil-gas surveys; drilling soil boring and obtaining soil samples for
chemical analysis; installation of monitoring wells; sampling of the ground and surface water for chemical
analysis; and determination of the aquifer characteristics.
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The Phase I Records Search provided the basis of developing the scope of effort for the SI/RI. In this
document specifics were provided on the suspected contaminants at each site, predicted landfill
boundaries and general information such as local drinking water sources. Information obtained from
reports on previous investigations at Site 1, Fire Training Area included the geology in this area and
ground water flow information. Base records were examined regarding base supply wells, and aerial
photographs were used to obtain additional details about the site histories not contained in the Phase I
report. Prior to finalizing the work plan for the SI/RI each site was visited so that present site conditions
could be considered.

The information available provided only limited information on the aerial extent of the landfills and the
depth of fill. It was decided that geophysics would be used to obtain this and other information regarding
the landfills. Electrical Resistivity (ER), Electromagnetic (EM) and magnetics were applied at these
sites. Problems with the EM equipment and rigid time restraints imposed by the approaching winter
season required that this method not be used. The ER surveys, conducted using a Bison Earth Resistivity
Model 2350B meter, consisted of both soundings and profiles. The soundings would be used to measure
vertical variability of resisitivity which can often be related to changes in lithology and possibly the
presence of fill material. The profiling technique was incorporated so that areas of higher conductivity, if
present, could be mapped. Such areas could be the result of contamination migration from a landfill.
These ER methods were used at Site 2, 7, and 9. No ER was attempted at Site 10 as this site was thought
to be contaminated primarily with fuels. Magnetometer surveys were conducted using a Geometric
Model G-S46 Proton Magnetometer at Sites 7, 9, and 10. This device, which can indicate the presence of
buried metallic objects, was used at these sites in an attempt to define the areal extent of the landfills
which at these three sites could not be adequately determined.

A soil-gas survey was selected as a method of investigation at Site 3/6, Fuel Spill Site and Site 1, Fire
Training Area. It was anticipated that this method would allow any contaminant plume present at these
sites to be tracked as the geologic conditions appeared to be ideal for this method. The water table is
shallow (less than 15 feet) and the material above the water table is clean sands. Soil-gas surveys have
been successful in tracking plumes at other investigations involving fuel spills (Marrin, 1986).

Soil-gas surveys were conducted by EA Engineering Science and Technology, Inc., of Sparks, Maryland,
at Site 3/6, Fuel Spill Site, and Site 1, Fire Training Area. The soil gas surveys were conducted by
collecting soil gas samples through hollow steel probes installed at regularly spaced intervals throughout
the sites. The probes were mechanically driven to a depth of less than 14 feet into the ground. After
installation, the probe was connected to a vacuum pump which was used to evacuate the soil gas. Using a
syringe needle, a small quantity of the soil gas was collected for immediate analysis in a gas
chromatograph which was housed in an analytical field van on site. Analytical parameters included
trichloroethylene (TCE), benzene, toluene, ethylbenzene and xylenes.

Soil boring and sampling was completed at Sites 1, 4, and 3/6 to gain lithological information and to
obtain soil samples for chemical analysis. Collection of the soil samples was made with hollow-stem
augers and split-spoon samplers. A 2.25-inch inner diameter (ID) standard split-spoon with stainless-
steel sleeves was used to collect soil samples.

Monitoring wells were installed using a 10-inch outer diameter (6.25-inch ID), hollow stem augers while
drilling in the unconsolidated sands, and a 6-inch outer diameter rotary bit after encountering the
sandstone formation. Lithologic samples were obtained using split-spoon samplers or gathered from
cuttings discharged at the top of the hole. The wells were constructed using 2-inch diameter Schedule 40
PVC casing and screen (.010-inch machine slot). The well screen interval was chosen so that the water
table would intersect the screen interval allowing for the detection of any free-flowing product in these
areas.
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Well location at each site where chosen so as to intercept possibly contaminated groundwater and to
provide sampling locations for background water quality data. At Site 2, one up-gradient well and three
down-gradient wells were located. At Site 3/6, only one monitoring well was located in the area where
contamination was likely to be encountered. Three monitoring wells were installed at both Site 7 and Site
9. Both sites were installed with one up-gradient well and two down-gradient wells. At Site 10, Munitions
Burial Site one up-gradient well and three down-gradient weLs were installed.

Groundwater and surface water samples were obtained using established methods. The analyses chosen
for each site depended on the contaminants suspected to exist at the site. The parameters analyzed for
during this investigation included: purgeable halocarbons (E 601), purgeable aromatic organics (SW
8020), petroleum hydrocarbons (E 418.1), total dissolved solids (E 160.1), organochlorine pesticides and
PCBs (SW 8080), base/neutrals and acid extractables (E 625), and 13 priority pollutant metals (PPM).
At Site 1, Fire Training Area, the analyses run included E 601, SW 8020, E 418.1, E 160.1, SW 8080 and E
625 and lead (E 239.2). These parameters were chosen based on the materials reportedly disposed of at
this site. Rather than analyze for the 13 priority pollutant metals it was decided to test for lead as it is
expected to be the most significant metal found in association with fuel disposal. These methods, with the
exception of E 160.1, were also analyzed for on soil samples obtained at Site 1. The parameters analyzed
for at each of the landfills (Sites 2, 7, and 9) included the entire list provided above. These parameters
were selected so that a screening for a wide range of possible contaminants could be performed as the
exact nature of materials disposed of at each of these landfills was not known. Surface water samples
were obtained at Site 2, Former Landfill C so that any contamination migrating from the landfill via
surface water could be detected. Two surface water samples were obtained from locations on a stream
which drains the swamp surrounding the landfill. One upgradient sampling location and one
downgradient location were chosen. Samples obtained from Site 3/6, Fuel Spill Site were analyzed for E
601, SW 8020, E 418.1 and E 239.2. These analyses are typical for a site where the only source of
contamination suspected is from fuel spills. At Site 4 the only contaminant tested for was PCBs as this
was the only suspected contaminant at this location. At Site 10, Munitions Burial Site the parameters
tested for were E 601, SW 8020, E 418.1, E 625, and E 239.2. Analysis of E 601,, SW 8020, E 418.1 and E
239.2 were run in order to detect the presence of fuel and solvent components which were used as fuels
for burning munitions at this site. Analysis of E 625 was run to detect any of the compounds that may
have originated from the munitions buried at this site.

Aquifer characteristics of the study area were determined by slug tests performed at wells at each site and
by an aquifer pumping test performed at Site 1, Fire Training Area. An aquifer pumping test at Site 1
was necessary to accurately determine the aquifer characteristics. Detailed information on the aquifer
transmissivity would be required if remedial action were required at this site. Although previous aquifer
tests had been attempted at this site, limitation in the data required that further testing be completed.
Slug tests were run at each of the wells installed as part of the SI to gain some indication of the aquifer
characteristic at these sites. Slug tests were also run at Site 1 wells so that a comparison of these results
to the aquifer pumping test results could be made. Slug tests were performed by causing an instantaneous
change in the water levels of wells by the introduction and removal of a stainlcss-stecl rod (slug). During
the tests water levels and time intervals were recorded using an In-situ Hermit 1000® recorder with a
pressure transducer submerged in the wells. The hydraulic conductivities of the materials immediately
surrounding the wells were estimated, using procedures developed by Bouwer and Rice (Bouwer, 1978),
from the rates at which water levels changed following the introduction and removal of the slug.

The aquifer test consisted of pumping water from a six-inch diameter well at 16 gpm for 24 hours.
Resulting changes in water levels were measured in the pumping well and the closest observation well
using the In-Situ Hermit 1000® recorder. In addition, Slope® water level indicators were used to measure
the water levels in other monitoring wells located at Site 1 and at adjacent Site 9. After pumping ceased.
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rates of recovery of water levels in these wells were measured until water levels had reached equilibrium
conditions. Hydraulic conductivity and the storage coefficient of the aquifer underlying Sites 1 and 9 were
estimated from the time-rate of drawdown and recovery data. The Cooper-Jacob, Theis, and Boulton
analytical methods (Lohman, 1970), were used to estimate the aquifer characteristics.

RESULTS OF INVESTIGATION

The varied methods of investigation used for this SI/RI provides an opportunity to compare the
usefulness of these methods in providing the information required.

The geophysical survey (ER) at Site 2 indicated an area of higher conductivity south of the landfill.
However, groundwater samples obtained from the four monitoring wells installed at this site indicated no
significant organic contamination. Low concentrations of metals were detected with arsenic, chromium,
lead, and silver, exceeding the Wisconsin State Prevention Action Limits for these metals. The lack of
more substantial contamination detected in areas identified during the geophysics is difficult to explain.
One probable explanation that the higher conductivity in this area can be attributed to the high water
table present surrounding the landfill.

The soil-gas survey at Site 3/6, Fuel Spill Site, indicated two areas of contamination. Benzene, toluene,
cthylbenzene, xylenes, and higher molecular weight compounds, usually associated with heavier fuels and
motor oils, were detected. Soil samples and the groundwater sample obtained from within one area of
contamination confirmed contamination in that area. Free floating product was not detected. Petroleum
hydrocarbons, cthylbenzene, xylenes and lead were detected in soil samples while benzene, toluene, and
xylenes were detected in groundwater samples. Although a significant contaminant plume was not
mapped during the soil-gas survey, this method was successful in aiding in the selection of a location for a
monitoring well and soil boring in an area of contamination. The Cher area of contamination identified
during the soil-gas survey and the extent of contaminant migration at Site 3/6 will be investigated in
follow-on investigations.

The SI at Site 4, transformer fluid disposal site consisted of obtaining 16 soil sample which were analyzed
for PCBs. None of the samples contained delectable levels of PCBs. No further action is proposed for
this site.

The SI at Site 7, Former Landfill A, included geophysics and installation of three monitoring wells.
Examination of aerial photographs and initial site visits, identified four areas where disposal of materials
may have occurred. A magnetometer survey at this site provided additional information to support the
identification of these four areas as possible disposal locations. However, this data could not be used to
conclusively verify the presence of buried materials in these areas. Although the exact boundaries of the
landfill cannot be determined, the area in question is far greater in extent than originally reported in the
Phase I Record Search. The ER survey at Site 7 indicated two areas where higher conductivity materials
were present. The two monitoring wells installed in these areas contained total dissolved solids greater
than 400 mg/L which exceeds the Wisconsin State Preventive Action Limits for this water quality criteria.
Groundwatcr data from Site 7 indicated arsenic, cadmium, chromium, lead, and silver at levels exceeding
the Wisconsin State Preventive Action Limit at least one of the three sampling location at this site. At
this site the use of geophysics contributed to the placement of wells in locations where water quality has
been degraded and has helped to identify other possible landfill areas at this site which will require
further investigation.

The SI at Site 10, Munition Burial Site, included a magnetometer survey which was used to identify areas
of possible munition burial. The survey conducted agreed well with surface features indicating known
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burial areas and showed no additional areas where materials were buried. This information allowed for
the safe placement of monitoring wells close to the source of contamination. Ground water samples from
this site contained benzene, ethylbenzene, toluene, xylenes, naphthalene, and lead. At this site, benzene
exceeded the Wisconsin Enforcement Standard while toluene and lead exceeded the Preventative Action
Limit.

Site 9, Former Landfill C, was investigated using a magnetometer and ER survey. The magnetometer
identified an elongated area of possible disturbed material and a circular area showing a pronounced
magnetic anomaly. The ER survey tentatively identified an area of higher conductivity along the northern
portion of the site, which may be contributed to refuse reportedly buried at that location. The sounding
depicted one area where fill materials may have been encountered. Based on the data provided by the
geophysical survey, the three monitoring wells (one upgradient and two downgradicnt) were sited.
During the construction of these wells, no fill material was encountered. The groundwater sample
obtained from one of the downgradient well indicated the presence cf benzene, ethylbenzcne, toluene,
and xylenes and lead. Benzene in this well exceeds the Wisconsin State Enforcement Standard while lead
exceeds the Preventative Action Limit.

The RI at Site 1, Fire Training Area (Figure 2) included a soil-gas survey which indicated that
contamination was present to the northeast of the source area. The soil gas survey was used to locate soil
borings and monitoring wells. Fifteen soils borings were installed in and around the pit. These borings
characterized the source of groundwater contamination at Site 1. Monitoring wells were installed in areas
downgradient of the source of contamination, and based on the soil gas survey, outside the expected
contaminant plume. Groundwater analysis results indicated that wells were contaminated with significant
levels of trichloroethene, 1,1-dichloroethane, benzene, toluene, xylenes, ethylbenzene, naphthalene,
phenols, and lead. Contamination in the down-gradient well location indicated a larger contaminant
plume than predicted by the soil-gas survey.

The soil-gas survey was uspd in locating the two furthest downgradient wells at this site which were
intended to be outside the afrea of significant groundwater contamination. Possible reasons why the soil-
gas survey failed to delineate the groundwater plume have been identified. The most signficant is that the
detection limit provided by She soil-gas chromatograph was on the order of 100 ppb, and as such was not
suitable for detecting areas except those within the most significant contamination. Secondly, the fine
grain sands at these sites may not have sufficient air-filled porosity and, as such, can hold moisture which
can act as a sink for the volatile compounds diffusing vertically from the water table. This effect may have
been compounded by the significant amount of rainfall that occurred immediately prior to conducting the
soil-gas survey. In general this method may be less applicable at sites with shallow groundwater such as at
Volk Field. These possible reasons are considered in more detail in a recent publication (Marrin, 1988).

While investigating an unrelated Federal Installation, an aerial photograph was obtained of Volk Field
dated 1965. This photograph showed an airplane at Site 1 located east of the fire training pit presently
visible at the site, providing evidence that fire training exercises may have occurred in areas other than at
the fire training pit and that a reevaluation of information provided in the Phase I Records Search was
necessary. Following this reevaluation, additional information was obtained from base personnel
indicating that munitions and fuels were disposed of at Site 9, and verifying the location of a second fire
training pit. This pit was located approximately 300 feet east of the present pit outside the area of the
soil-gas survey. In addition, two areas were delineated where portions of a plane were buried. One of
these areas corresponds to the area where the magnetic anomaly was delected at Site 9. A munitions
burial area and general refuse disposal area were also located which agrees with the area delineated in
the geophysics investigation at Site 9.
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The aquifer pumping test at Site 1 and Site 9 indicate that the aquifer is unconfined with an apparent
storage coefficient of 0.05 (non-dimensional). The apparent hydraulic conductivity is 700 gallons per day
per foot squared (gpd/ft2). Slug tests performed on 11 wells at Site 1 and 3 wells at adjacent Site 9
provided apparent hydraulic conductivities ranging from 7 gpd/ft2 to 96 gpd/ft2. The difference in
hydraulic conductivities provided by the different methods is difficult to explain. One possibility is that
the aquifer pumping test results reflects possible secondary porosity resulting from vertical fractures in
the sandstone at the site. Based on the hydraulic conductivity results obtained from these two methods at
Site 1 and Site 9, the validity of the slug test results for Site 2,3/6, and 7 are questionable. The hydraulic
conductivities at these sites are essentially the same as the values obtained from the slug test conducted at
Sites 1 and 9. Although in general, more silts and clays were encountered in these borings it is not certain
whether the values obtained, being lower than those obtained during the pumping test, are attributed to
different hydrogeologic characteristics at these sites or to deficiencies in the slug test method.

CONCLUSIONS

The SI at Sites 2, 3/6, 4, 7, 9, and 10 resulted in the recommendation that an RI be performed at five of
these sites and that no further action be taken at Site 4, Fluid Transformer Disposal Site. The
recommended action for Site 1 included that a Feasibility Study be completed to determine the
appropriate remedial action required to address the source and groundwater contamination migration at
Site 1. Additional field activities will be required to characterize the additional source contamination
recently identified and to further characterize the groundwater contamination at this site. The additional
field activities at Site 1 will be coupled with Held activities at adjacent Site 9 as these sites are so closely
related.

The IRP investigations at Volk Field ANGB utilized a multi-faceted approach for collecting data. The
results of the SI and RI indicate that not all the methodologies employed may be applicable for the
existing site conditions. Choosing the proper techniques for the given field conditions is an area where
improvements are continuously being made. We strongly emphasize the importance of a thorough and
accurate records search prior to initiating an investigation of this nature. Every effort should be made
during the course of these investigations to integrate the findings of previous field efforts so that the
necessary adjustments to a work plan can be made. In this way the IRP can be made more efficient and
cost-effective.
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ABSTRACT

The Oak Ridge National Laboratory (ORNL) Remedial Investigation/
Feasibility Study (RI/FS) began in June 1987 to evaluate 13 con-
taminated waste area groupings (WAGs) to determine the feasibility
and benefits of potential remedial action. The RI/FS and any future
remedial action at ORNL will be of national significance and will
likely lead to developments that will become models for environmental
investigations and cleanups. Bechtel National, Inc. and a team of
subcontractors will be working with Martin Marietta Energy Systems to
conduct intensive field investigations to obtain data required to
evaluate the WAGs. The RI/FS project continued in FY 1988 with proj-
ect, planning and preparation for field activities. Remedial Inves-
tigation (RI) Plans were prepared for 10 of the 13 WAGs. These plans
were developed with sufficient information to ensure compliance with
regulatory requirements, with intensive attention giv^n to environ-
mental, safety, and health protection; waste management; data manage-
ment; and quality assurance. This paper reports on the progress made
during FY 1988 and discusses activities planned for FY 1989.

OVERVIEW

The Oak Ridge National Laboratory (ORNL) Remedial Investigation/
Feasibility Study (RI/FS) project began in June 1987 as the first
step in a program of environmental restoration at ORNL that is being
conducted for the Department of Energy (DOE) by Martin Marietta
Energy Systems (Energy Systems). Bechtel National, Inc. (BNI) is the
subcontractor to Energy Systems for performing the work and is, in
turn, supported by CH2M HILL, The EDGe Group, and PEER Consultants.

The scope of this 7- to 10-year proiect is to investigate several
areas that are contaminated primarily with radioactive materials, and
to a lesser extent with hazardous chemicals, from early operations at
ORNL. The contaminated areas have been organized into Waste Area
Groupings (WAGs), each comprising several Solid Waste Management
Units (SWMUs) used to collect and store various forms of waste. To
date, 13 WAGs (approximately 180 SWMUs) have been identified for
investigation (Table 1); additional areas may be identified during
the project.
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The project is proceeding in four phases: program planning, RI,
alternatives assessment, and FS. During Phase 2, an RI Plan will be
developed and implemented for each WAG. Each RI consists of four
basic tasks: an RI Plan, field investigations, laboratory and bench-
scale studies (if necessary), and an RI Analysis Report. The objec-
tives of each RI are to 1) collect sufficient, data from the WAG under
study to adequately characterize the nature and extent of contamina-
tion for purposes of preparing a risk assessment and 2) obtain
sufficient engineering data to evaluate potential remedies. The RIs
will focus on defining the types and quantities of contaminants
present in each SWMU or collection of SWMUs, providing a quantitative
definition of how contaminants exit these areas, estimating the
temporal and spatial distribution of off-site migration, and assess-
ing local geology, hydrology, and soil properties as they affect the
risk of releases and the cost of potential remedies.

In Phase 3, WAG-specific assessments of remedial action alternatives
will be conducted. The objective of each Alternatives Assessment
(AA) will be to identify and screen potential temediai technologies
that could be used at the subject WAG; develop a set of feasible
remedial action alternatives; and compare, the alternatives based on
environmental protection, environmental effects, technical feasi-
bility, and costs.

During Phase 4, the AAs for all WAGs will be. combined into a single
FS, providing a comprehensive assessment of the need for, and extent,
priority, timing, cost, and environmental implications of, future
remedial actions for the entire ORNL complex. The FS will document
the rationale for the recommended timing and technical approach to
remedial activities, thereby providing the basis for implementing
remedial action in the next step of the environmental restoration
program. Although the project is being conducted within the regula-
tory framework of Section 3OO4(u) of the Resource Conservation and
Recovery Act (RCRA), it must also address the requirements of the
National Environmental Policv Act; (he Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA); and the Superfund
Amendments and Rcaut.horizat.ion Act. The FS will therefore be drafted
in such a manner that it serves as the functional equivalent of an
Environmental Impact Statement as well as documentation of the
results of the entire RI/FS process.

In 1988 a new concept involving the inclusion of corrective measures
(CMs) in the RI/FS process was presented to the Environmental Protec-
tion Agency (EPA) and the Tennessee Depat t men I: of Health and Environ-
ment (TDHE): Whereas extensive problems, such as gioundwater <̂ on-
taminHtion, would be evaluated through the <ompieh(;ns i \e RI/I'S
process, CMs would be implemented to remedy environmental problems
that could bo easilv isolated, e.g., individual leaks (figure 1),

603



TABLE 1
WAGs INCLUDED IN THE RI/FS PROJECT

No. 1 [Main Plant Areal: Approximately 99 SWMUs for storing low-level
radioactive waste, and spill and leak sites detected over the past 20
to 35 years.

No. 2 rwhite Oak Creek/White Oak Lake ( W 0 C / W 0 D 1 : Stream channels of
WOC and Melton Branch; and WOL, White Oak Dam, and the embayment.

Nicu_3: SWSA 3, a closed scrap metal area, and a contractor's landfill.

NOi_4: The Liquid Low-Level Waste (LLLW) pipeline north of Lagoon
Road, pilot LLLW seepage pits 1 and 2, and SWSA 4.

No.. 5: Thirteen LLLW storage tanks, surface facilities for the Old
and New Hydrofracture Facilities, SWSA 5, the Transuranic (TRU) Waste
Storage Area, LLLW leak/spill sites, an impoundment used to dewater
sludge, and a radioactiveiy contaminated waste oil storage tank.

No. 6: An emergency waste basin, SWSA 6, and an explosives detona-
tion trench.

No. 7 [Pits and Trenches]: Seven seepage pits and trenches, a decon-
tamination facility, three LLLW pipeline leak sites, a storage area,
and seven fuel wells holding the acid solutions containing enriched
uranium primarily from the Homogeneous Reactor Experiment (HRE).

No. 8 [Melton Valley]: Waste collection basins; LLLW pipeline, leak
sites, and storage tanks; a hazardous waste storage facility; a nixed
waste storage pad; a sewage treatment plant; a silver recovery plant;
the Molten Salt Reactor Facility; and the High Flux Isotope Reactor.

No. 9 [HRE Ar e a ] : The HRE pond, LLLW storage tanks, and a septic tank
serving the HRE.

No. 10 [Hydrofracture Wells]: Injection wells and grout sheets from
four SWMUs: two experimental sites used in developing the hydrofrac-
turing process; two inactive operating facilities for disposing of
LLLW.

No. 11 [White Wing Scrap Ya r d ] : Above-grade storage area for contam-
inated equipment.

No. 13 [Environmental Research Areas]: A cesiurn-137 contaminated
field and erosion/runoff study area.

Mo. 17 [ORNL Services Area]: Two above-ground photographic waste
storage tanks, a septic tank, and waste oil storage tanks and truck.
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The Modified process also accommodates interim corrective measures
(ICMs) to stop environmental releases from SWMUs or WAGs when data
collected during either the RI activities or the assessment of
alternative remedial actions indicate that immediate action is
warranted.

Such ICMs would be reviewed and permanent solutions determined during
preparation of the comprehensive FS.

Over the past several years, considerable information has been
reviewed on previous disposal practices and the nature of the wastes
disposed of. Much of this information has been compiled by ORNL
staff from Solid Waste Storage Area (SWSA) -specific data required by
DOE Order 5480.14 (CERCLA Program). Data sources consulted included
published reports, findings of research investigations, environmental
monitoring and surveillance reports, reports of spills and unusual
incidents, personal correspondence, and interviews with individuals
involved with ORNL operations. The results of this data compilation
are documented in both the CERCLA Phase I Report (Ref. 1) and the
RCRA Facilities Assessment (Ref. 2).

Most of these data, however, were for specific radionuclides and do
not address all of the analyses required for the RI/FS process. The
RI/FS project has been using these data as the starting point for RI
Plans. The data collected for the RI/FS will augment the available
data, providing comprehensive information on the radioactive and
chemical contaminants present in each WAG. These data will then
become the baseline information upon which risk assessments and
alternatives assessments will be developed.

ACCOMPLISHMENTS

During the past year, significant progress was made on the RI/FS
project. Phase 1 (program planning) was completed in July with the
finalization of plans for project management; quality assurance;
waste management; environmental, safety and health; and data base
management, as well as approximately 110 associated implementing
procedures. The process of developing these plans and procedures was
more complicated than originally anticipated, due primarily to the
approach taken on health and safety matters. Acting as a full-
service subcontractor to Energy Systems, BNI has health and safety
responsibilities not routinely assigned to Energy Systems subcontrac-
tors. The BNI team's RI/FS Environmental, Safety and Health (ES&H)
program serves as a management extension of the Energy Systems
program, complementing the ORNL program in each safety discipline
and, as a minimum, enforcing requirements as stringent as those of
similar ORNL programs. The BNI program includes health physics,
industrial hygiene, industrial safety, training, waste packaging and
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certification, and sanple transportation to and from the off-site
analytical laboratory.

The development of the BNI program as an extension of the Energy
Systems program increased the need to develop BNI/Energy Systems
interfaces at several levels within ORNL. A significant coordination
effort has been made by the BNI team and Energy Systems personnel; as
a result, the required program is in place and ready to support ft id
activities. The cooperative effort on the ES&H program has been
fruitful to both BNI and Energy Systems, and has enhanced program
quality. Furthermore, the concept of extending management from
Energy Systems to BNI will significantly increase productivity during
field investigations by allowing the flexibility required to respond
to changing field conditions.

Substantial progress was also made on Phase 2 activities during the
year. RI Plans were developed for 10 of the 13 WAGs identified to
date; 7 were issued to the EPA and TDHE for review, and 3 will be
submitted in October. Plans for the remaining WAGs are currently
expected to be issued in late FY 1990 or early FY 1991.

In addition to the RI Plans, a RCRA Closure Plan for SWSA 6 was
prepared, treating the closure of RCRA trenches within SWSA 6 as an
ICM. Immediate action at this site has been mandated by EPA; the ICM
will, therefore, be implemented before the RI [in this case, a RCRA
facilities investigation (RFI)] is undertaken. Trenches containing
waste classified as RCRA waste will be covered with an impermeable
liner pending completion of the RFI, associated bench-scale studies,
groundwater treatment pilot plant studies, and the Corrective Mea-
sures Study in which the ultimate remedial action for closure of SWSA
6 will be determined.

Mobilization of field operations facilities began in July; the first
phase will be completed in October. The facilities consist of
offices, storage facilities, a change room, a field laboratory and
sample storage building, and an area for parking vehicles and storing
equipment.

Field investigations also began in July with a health and safety
survey of SWSA 6 to assess potential hazards at the site. The survey
consisted of a radiological walkover, soil gas monitoring, and near-
surface soil sampling. Soil samples were analyzed for gross alpha
and beta radiation, metals, and organics. These data were collected
to determine the precautions to be taken to protect personnel con-
ducting future work at the site as well as to meet data collection
requirements of the RI/FS process.
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ACTIVITIES PLANNED FOR 1989

During the next year, work will focus on completing the RF1 for SWSA
6. Data collected will form the basis" of the Corrective Measures
StuJy for permanent remediation of the site; they will also be used
in designing a pilot plant for grdundwater treatment and in evaluat-
ing the impact of dynamic compaction (compacting waste in trenches
using a 10-ton weight dropped from 40 ft) on the release of con-
taminants to groundwater. Dynamic compaction will be performed on
several trenches in which liquid hazardous wastes were very probably
buried. During compaction, ^jroundwater downgradient of the work area
will be monitored and, if required, extracted and treated. Although
the evaluation of dynamic compaction will be conducted in conjunction
with the RFI, it will not be performed by the BNI team, but rather by
ORNL personnel.

The RFI for SWSA 6 was designed using available historical informa-
tion on ORNL operations and pertinent site characterization studies.
The technical approach is fuJly documented in the plan for the RFI
(Ref. 3); briefly, the activities are as follows:

o Civil surveys to locate specific sample/measurement locations and
elevations

o Surface radiological surveys to aid in locating exposure rate
survey areas, geophysical survey areas, and sampling locations

o Exposure rate survey to provide input to the risk assessment

o Geophysical surveys to aid in locating contaminant plumes and a
buried cask containing TRU wastes

o Soil gas surveys to aid in locating volatile chemical contami-
nants

o Sampling and analysis of Surface and subsurface soil to assess
the distribution of radioactive and chemical contaminants and to
identify contaminated areas beyond the sources of contamination
that will also require corrective action

o Sampling and analysis of groundwater wells on-site and along the
perimeter of the site to evaluate the distribution of contami-
nants

o installation and sampling of up to 10 new groundwater wells to
evaluate the distribution of contaminants
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o Aquifer testing to evaluate groundwater flow rates

o Sediment sampling to investigate the nature and distribution of
contaminants

o Surface water sampling for radioactive and chemical contaminants

o Surface water flow measurements in major drainage areas to assess
contaminant transport off-site

Samples will be collected in phases: As data on the nature and
extent of contamination become available from the first phase,
sampling efforts will focus on a few significant areas where more
intensive sampling will be conducted. To the extent feasible,
samples will be collected from various media simultaneously (e.g.,
collection of groundwater and base flow surface water samples will be
scheduled to coincide). The BNI team will be responsible for col-
lecting all samples and data. The number and type of samples to be
collected and the subsequent analyses to be performed are summarized
in Table 2.
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Environmental
Media

Sediments

Surface Water

Groundwater

Soils

Soil Gas

TABLE 2
ANALYSES FOR PHASE 1 OP THE

Nuaber of
Saaple

Locations

26

13

50

75

90

Radiological
Screens

41

157

112

274

—

Alpha/
Beta

Isotopic

20

79

56

138

~

SHSA 6

TCL

26

39

0

218

--

RFI*

Chemical

Other

0

135b

400c

64d

30

Analyses
Engineering
Properties

8

0

0

10

—

aNuabers include quality control samples.

bThe sua of 28 analyses for aetals on the EPA Target Compound List (TCL)
(unfiltered), 34 for TCL indicator coapounds, and 73 for water quality
parameters.

cThe SUM of 38 analyses for hazardous coapounds listed in Appendix IX of 40CFR264,
69 for Appendix IX indicator compounds, 107 for water quality parameters,
69 for inductively coupled plasaa aetals (unfiltered), and 107 each for biological
and chemical oxygen demand.

dThe sum of 56 analyses for TCL indicator coapounds and 7 for potentially
explosive coapounds.
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ABSTRACT

The Idaho National Engineering Laboratory (INEL), located in southeast Idaho and operated by the
Department of Energy (DOE), has had the largest number of nuclear reactors during its lifetime of any
location in the United States. The Test Reactor Area (TRA), one facility within the INEL, has been the
home of three major test reactors, one of which is still operational. The TRA Warm Waste Pond is a three-
celled percolation pond that has received waste water from these reactor operations since 1952. The pond
is estimated to have received over 27,700 lbs of chromium in addition to about 5.2 x 104 curies of radioac-
tive materials. Because of known migration of contaminants to a perched-water zone, the pond is
scheduled for corrective actions under a Resource Conservation and Recovery Act (RCRA) Consent
Order and Compliance Agreement with Region X, Environmental Protection Agency (EPA). The pond
will probably be included on the National Priority List by the spring of 1969. Field investigations were in-
itiated in 1987 and continued in 1988 to pursue possible corrective or remedial actions. This paper
describes the efforts to date, including a description of the unique problems and physical restrictions as-
sociated with sampling the pond while it is in use and sampling through the gravel and cobblestones that
line the pond.

INTRODUCTION

This paper describes the sampling that has been completed and the techniques utilized to mitigate sam-
pling concerns in the corrective action investigation of the Test Reactor Area (TRA) Warm Waste Pond
at the Idaho National Engineering Laboratory (INEL). The INEL is located in southeast Idaho and
operated by the Department of Energy (DOE). The Test Reactor Area, one facility within the INEL, has
been the home of three major test reactors, one of which is still operational. The TRA Warm Waste Pond
has received wastes from these reactors since 1952. The Warm Waste Pond is located approximately 200
ft east of TRA (Figure 1). The Warm Waste Pond was designed to handle low-level radioactive wastewatcr
and consists of three cells. The first cell was excavated in 1952 and has bottom dimensions of 150 by 250
ft, 2:1 side slopes, and a depth of 15 ft. Because of decreased permeability and increased discharge to the
cell, a second cell was excavated in 1957 with bottom dimensions of 125 by 250 ft, 2:1 side slopes, and a
depth of 15 ft. The combined capacity of the two cells, when full, is approximately 9.7 x 106 gallons. About

a. Prepared by the U.S. Department of Energy, Idaho Operation! Office under Contract No. DE-AC07-76IDO1570.
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Figure 1. Locations of the Chemicj J, Warm Waste, and Cold Waste Ponds and the Disposal Well.
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1962, the permeability of both cells again decreased, so the bottoms of both cells were dredged and about
2 ft of cobble rock was reportedly placed in the 1952 and 1957 cells, althrough it was not found during
drilling.

The third and largest cell was excavated in 1964 with bottom dimensions of 250 ft by 400 ft, 2:1 side
slopes, and a maximum depth of approximately 6 ft. The capacity of the third cell is 4 x 106 gallons when
the water is 5 ft deep. Wastes have not been discharged to this cell since 1972 and the cell has been dry
since the mid-1970s. None of the three cells is lined, but some sealing has occurred from chemical
precipitation, sedimentation and deposition by algae.

The cells received all liquid wastes produced within TRA, except sewage, from 1952 to 1962. About
27,700 lbs of chromium (used as a corrosion inhibitor) from reactor cooling water blowdown, 12,100 lbs
of waste from laboratory wastewatcr, 8.8 x 106 lbs of corrosives from the demincralization plant, and 5.2
x 10 curies of radioactive materials have been discharged to the Warm Waste Pond. Before 1964, non-
radioactive chromate wastes were discharged to the pond. After 1964, the wastewater streams contain-
ing eliminates were discharged to a deep-disposal well located near the Warm Waste Pond. In 1972, the
use of chromates as a corrosion inhibitor was discontinued at TRA. Liquid waste separation was initiated
in 1962. A separate Chemical Waste Pond was excavated (see Figure 1) just north of the Warm Waste
Pond to receive the dcmineralization plant discharges. These discharges contain high concentrations of
salts; consequently, water originating in the Chemical Waste Pond can be traced in the perched-water
zone because the water has a high specific conductance. In 1982, a Cold Waste Pond was put into service.
It is located just south of the Warm Waste Pond. The Cold Waste Pond receives non-radioactive cooling
water which is moderate in specific conductance and has no detectable tritium. Cells 1952 and 1957 of
the Warm Waste Pond still receive low-level radioactive waste water. Tritium, as tritiated water, is one
of the most abundant radionuclides discharged to these cells. Since tritium is only discharged to the Warm
Waste Pond, tritium is a marker for water originating in that pond.

Chromium disposal at TRA began in 1952, but groundwater sampling for the contaminant did not begin
until 1962. Even then, only a few groundwater samples were collected before 1965, and a good baseline
was not established before the TRA Injection Weil went into use in 1964. However, it is assumed that
chromium reached the aquifer beneath TRA shortly after disposal began. Chromium contamination
detected in the aquifer in 1963 probably originated from the Warm Waste Pond effluent, as the injection
well was not yet in use.

Measurements made by the United States Geological Survey (USGS) show that chromium in the
aquifer in the early 1960s was essentially all hexavalent chromium. No recent data is available on the
valence state of chromium in the aquifer and perched-water zone. Hexavalent chromium is very soluble
and mobile because it is present in water as an anion. When chromium is reduced to the trivalent state,
it becomes very insoluble. The valence state and the form in which chromium is present in sediments and
basalts must be determined by additional investigations before appropriate corrective actions can be
designed.

PRELIMINARY AND REMEDIAL INVESTIGATION SAMPLING

Investigation of the Warm Waste Pond is planned in four phases: the preliminary investigation and
three phases of the remedial investigation. In the preliminary investigation, six grab samples of the sludge
from the bottom of the pond cells 1952 and 1957 were analyzed for 40 Code of Federal Regulations Part
264, Appendix VIII constituents using Environmental Protection Agency (EPA) approved procedures.
The maximum concentrations of hazardous and radioactive substances in the pond sediment were es-
timated from the analysis results and a list was developed of the Appendix VIII chemical constituents
present in the sediments. The pond sludge was found to contain hexavalcnt (Cr ) and trivalent (Cr+ )
chromium, mercury (Hg), lead (Pb), arsenic (As), beryllium (Be), cadmium (Cd), copper (Cu), silver
(Ag), Sulfides, organic carbons, zinc (Zn), phthalatcs, pentachlorophenol, and acetone in concentrations
above background. Principal radionuclides identified above background were cobalt-60, cesium-134 and
-137, tritium, europium-154, and strontium-90.
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The three phases of the remedial investigation are designed to examine strata progressively to greater
depths, as necessary, to identify spatial distribution of contaminants in suriicial sediment and to deter-
mine the depth of contaminant penetration. The results of the remedial investigations will enable selec-
tion of appropriate remedial action(s). Phase I of the remedial investigation included sampling the sedi-
ment and gravelly soil of the pood to a depth of 10 ft and drilling three auger holes adjacent to the Warm
Waste Pond through the layer of surficial sediment to the basalt. Phase II sampling is scheduled for 1989.
Phase HI sampling will be performed if analysis results show further characterization of the pond is neces-
sary.

Systematic sampling on an unaligned grid was the chosen sampling design for identifying the six sam-
pling locations per pond cell for Phase I of the remedial investigation sampling within the pond. Each cell
was divided into six sections and one sample location was chosen within each section. The first sample
location was randomly located by using a random digits table to choose the initial X and Y coordinates.
The initial X or Y coordinate was then used with other random digits from the random digits table to iden-
tify sampling locations in the remaining sections of each cell. At each sampling location in the cells,
samples were collected and analyzed to ascertain contaminant concentration at each 2 ft level (i.e., 0-2 ft,
2-4 ft, etc.,) to a total depth of 10 ft.

The locations of the three auger holes were selected by drawing a grid across a figure depicting the
area where saturated conditions have existed in shallow sediments near the TRA Warm Waste Pond.
Auger hole locations were chosen at three of the intersecting points of the grid within the mapped saturated
zone of the shallow sediments and immediately adjacent to the pond.

During Phase I of the remedial investigation sampling performed in May, June and July of 1988, several
major concerns were encountered. The first concern was the coarse nature of the alluvial soil at TRA
which made the drilling and coring difficult. The second concern was the need to continue waste water
disposal to the Warm Waste Pond from TRA until approximately 1991. Sampling through water may
result in cross contamination of strata and samples and increased risk to personnel while working on or
near the water. The third concern was the radioactive constituents in the sediment of the pond because
of the potential radiation exposure to personnel. The fourth major concern was the weather in the high
desert plateau of eastern Idaho. The wind increased the risk of personnel contamination and contamina-
tion spread. Heat stress may result when personnel are exposed to temperatures greater than 70°F while
wearing protective clothing. Mitigation of these concerns was the governing principle in selecting some
of the sampling methods and techniques.

The first major concern was the 6 to 1.2-in diameter cobble rock reported to be in the pond and the
gravelly soil at TRA which made coring and drilling difficult. Records of the pond do not show the strata
in the pond. Employees who worked on the pond "in the old days" remembered that when the 1952 and
1957 cells plugged up with silt, a drag line was used to dredge the bottom of the ceils and about 2 ft of 6
to 12-in. diameter cobble rock was dumped into the cells to increase drainage. Coarse gravelly soil was
found but no large cobble rock. However, the gravelly, dense soil was difficult to sample and use of the
slide hammer was necessary to drive the casing and split spoons into the soil and to retrieve the split spoons.
Initially a jackhammer was used in the dry cell to drive the split spoon and casing but this technique was
abandoned below the 2 ft level. Driving the split spoon sampler and casing into the deeper gravelly dense
soil caused the jackhammer drive pin to fail repeatedly. These breakdowns resulted in about 7 to 10 days
delay in sampling the dry pond as well as the costs of repairs, additional spare parts, and modifications in
techniques. One split spoon was abandoned at the 6-8 ft level when a jack was damaged in an attempt to
retrieve the split spoon.

The following method was used to collect the sediment and soil in the pond. In the wet cells, a split
spoon sampler was driven 2 ft into the sediment and soil and retrieved. A 3-in. diameter casing was then
driven 2 ft into the sediment and soil. A removable, pointed plug (boulder buster), sized to fit just inside
the 3-in. casing and measured to extend just beyond the end of the casing, was attached to a drive rod and
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was used to break up and push aside the gravelly soil to prevent the casing from filling with soil. It was
loose enough, however, to allow water to flow around it. After the casing had been driven, the boulder
buster was removed and the water was bailed out of the casing. A split spoon sample was collected from
the 2-4 ft level. The split spoon was driven using a 140-lb slide hammer system and retrieved using either
a slide hammer system or a winch, depending on the effort required. After retrieval of the split spoon,
the boulder buster was replaced and the casing driven another two feet. This sequence was repeated until
all the samples were collected at a sampling location. In the dry cell, the first 2-ft split spoon sample was
driven using a jackhammer and retrieved using a jack. The deeper samples were collected using the slide
hammer system to drive the sampler and to retrieve it. This method worked well in both the wet and dry
pond cells. However, driving the split spoon sampler and the casing through the coarse, dense soils was
very slow. Typical penetration resistance for the split spoon sampler required 50-100 blows of the slide
hammer per foot of soil penetration. Penetration resistance for the casing with the boulder buster in place
was considerably greater. As a general rule, penetration resistance was higher in the dry cell than in the
wet cells. In the dry cell, the penetration resistance for the split spoon sampler was as high as 500-700
blows per foot.

Sample recoveries varied considerably, and appeared to be related to the moisture content of the soil.
Where the soil was either wet or dry, percent recovery ranged from zero to about 50%. Where the soil
was moist or damp, the recovery typically was greater than 50%.

The second major concern was sampling through water which increased the potential physical hazard
to personnel and the potential cross contamination of samples and strata beneath the pond. Since waste
water disposal to cells 1952 and 1957 is continuing, the cells contained approximately eight feet of water
at the deepest point during Phase I sampling. As a result, special sampling techniques were implemented.

Sampling through water may result in cross contamination of strata and samples and intensify con-
tamination spread to deeper zones beneath the pond. To mitigate these concerns, the previously described
sampling method was used. At all but one sample site, the sludge and soil sealed the casing to prevent
water flowing back into the casing. (The inlet to pond 1957 was found to be soft sludge to the 8-10 ft level
and the casing filled with water repeatedly.) This technique minimized the cross contamination of strata
and samples. After sampling was completed in each sample hole, granular bentonite was poured into the
casing and hydrated with demineralized water. Sealing the sample hole minimized contamination spread
through the sample hole to the sediments beneath the pond as a result of sampling.

The potential risk of personnel injury while transferring equipment and samples between the boat(s)
and shore and operating heavy sampling equipment in a boat in 8 ft of water was another concern. A 7-
ft by 18-ft flat bottomed aluminum Jon boat equipped with an auxiliary plywood floor was used as the
sampling platform in the ponds. A rectangular hole was cut in the bottom of the boat and an 18-in. high
hole casing welded in place to provide a port to allow sampling through the bottom of the boat. This
method is safer and more efficient than sampling from the side of the boat. A quadripod was mounted in
slots in the plywood in the bottom of the boat. A 5-hp motorized cathead (mounted to the frame of the
quadripod) powered a 140-lb slide-hammer weight supported by the quadripod that was used to drive
sample-hole casing and split spoon samplers. Personnel were instructed in boating techniques and used
a buddy system (one person would hold the boat while another person(s) disembarked or moved equip-
ment into or out of the boat) during transfer of personnel and equipment between boats and to the shore
or dock.

The third major concern was the radioactive constituents in the sediments of the pond. The water in
the 1952 and 1957 cells was beneficial because it acted as a radiation shield which decreased radiation ex-
posure for personnel and increased the amount of time per person per day that could be spent sampling
the wet cells. The maximum radiation fields found at selected sites in the sludge in the wet cells was 90
mrem per hour (beta-gamma). With 18 in. of water as shielding, the dose rate was potentially reduced to
less than 5 mrem per hour (beta-gamma).
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The radiation field in the dry cell was generally 10 to SO mrem per hour which limited the amount of
time an individual could spend working in the dry cell to about 2 to 6 hours before the as low as reasonab-
ly achievable (ALARA) exposure limit (set by management) of 50 millirem per person per day was
received. In addition to thermoluminescent dosimeters (TLD), pencil dosimeters were used so personnel
could monitor their own exposure throughout each day. To meet commitments and continue sampling,
crews were rotated among the sampling duties in the wet cells, sampling the dry cell, and sample packag-
ing and equipment decontamination. As many sampling activities as possible were conducted away from
the pond to keep radiation exposures as low as possible.

The fourth major concern was the weather, specifically the wind (which increased the potential for per-
sonnel exposure and possible spread of contaminants beyond the area already contaminated) and
temperature (above 70° F, heat stress could result). The pond is located on a high desert plateau with an
average elevation of 5000 ft above sea level. Southwest winds predominate over the INEL and the second
most frequent winds come from the northeast. The relatively dry air and infrequent low clouds permit in-
tense solar heating of the surface during the day and rapid radiational cooling at night. These factors com-
bine to give a large diurnal range of temperature near the ground. The annual wind speed 20 ft above the
ground ranges from a low average hourly velocity of 7.5 miles per hour to a high average hourly velocity
of 51 mph. The potential for personnel exposure to airborne radioactive and chemical contaminants was
greatest from the disturbed dry sediments in the dry cell and during bottling of dry samples. Disturbing
the sediments also increased the potential for contamination spread beyond the area already con-
taminated. A 20 mph maximum wind velocity limit was selected to reduce the potential for contamina-
tion spread and personnel exposure. Work began at 6:00 a.m. each day in order to get as much sampling
as possible completed before the wind velocity limit was exceeded. Plywood was used as a platform for
sample collection activities in the dry cell to reduce- sediment disturbance. Wind screens were set up
around the two sample staging areas (one near the dry cell and one near the wet cells)to reduce the wind
disturbance during sample preparation and packaging. Plastic covered tables were set on plastic covered
plywood within the wind screen to contain any spilled material and to facilitate cleanup between samples.
Split spoons were opened and samples were composited and transferred to the sample containers in the
sample staging area.

Air temperature also affected personnel during sampling. Average monthly maximum temperatures
at the INEL range from 86°F in July to 27°F in January. Average monthly minimum temperatures range
from 49°F in July to 4°F in January. Through 1984 the warmest temperature recorded was 101°F and the
coldest was -47°F. Temperatures ranged in the 80s and 90s in the afternoon most days during the last two
weeks of June and all of July so measures were taken to prevent heat stress. Fifteen minute breaks were
taken every hour. A shade was set up but it was torn apart by the wind in about two weeks, so the equip-
ment storage trailers were used as break areas.

SUMMARY

Phase I of the remedial investigation sampling at the TRA Warm Waste Pond was completed July 22,
1988. Work delays as a result of the wind, technique modifications and breakdowns caused by the gravel-
ly soil increased the time required for sampling by about 25%. Envirodyne Engineers, Inc. laboratory per-
sonnel are performing the chemical analysis of the samples and the EG&G Idaho Radiation Measure-
ments Laboratory is responsible for the radioactive sample analysis. Analysis of samples for hexavalcnt
chromium was performed by Envirodyne personnel at EG&G Idaho facilities during the sampling to meet
the required analysis holding times specified by the Environmental Protection Agency (EPA). Data
analyses will be completed by October 1,1988. EG&G Idaho personnel will verify the data and the data
will be used to determine well locations for Phase II of the remedial investigation of the pond. Because
chromium and tritium have been found in a perched-water zone downgradient from the pond, the pond
is scheduled for corrective actions under a Resource Conservation and Recovery Act (RCRA) Consent
Order and Compliance Agreement with Region X, EPA and may be included on the National Priority
List by the spring of 1989.
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ABSTRACT

EG&G Idaho, Inc. conducts a program to evaluate low-level radioactive and radioactively con-
taminated hazardous (mixed) wastes generated at the Idaho National Engineering Laboratory and to
develop safe, efficient, and cost effective treatment methods for these wastes. Treatment methods to
reduce the volume of low-level wastes are in operation at the Waste Experimental Reduction Facility and
have resulted in significant savings in burial space at the laboratory's low-level waste disposal site.
Stabilization of mixed waste is also being performed to render the wastes nonhazardous. Other mixed
waste treatment processes are being investigated to allow the INEL to render mixed wastes being
generated and currently stored suitable for disposal.

INTRODUCTION

Facilities at the Idaho National Engineering Laboratory (INEL) generate a variety of wastes which re-
quire treatment prior to disposal. The Waste Experimental Reduction Facility (WERF) is a waste
processing facility which has been established at the INEL to demonstrate low-level waste (LLW) process-
ing technology.

A variety of processes have been investigated to demonstrate volume-reduction techniques for solid
LLW and to treat mixed waste (MW) to render it suitable for disposal. The LLW volume-reduction
processes include incineration of dry combustibles, size reduction of metallics by plasma arc cutting and
melting, and compaction of compactible wastes. Mixed waste treatment processes include incineration
of liquid wastes, solidification, and contaminated metal refining.

These processes are in varying stages of development and implementation. The LLW volume-reduc-
tion processes are fully developed and have been in operation for sometime. These combined processes
have resulted in a 50% reduction in LLW volumes between generation and disposal at the INEL's
Radioactive Waste Management Complex (RWMC). A bonus which also results from these volume-
reduction techniques is that the stability of the resulting waste forms is significantly greater than that of
the untreated waste.

a. Work supported by Ihe U.S. Department of Energy under DOE Contract No. DE-AC07-76-IDO-1570.
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INCINERATION

The WERF incinerator began processing radioactive waste in September 1984 and limited operations
continued until October 1985, at which point all INEL waste generators began shipping combustible waste
to WERF. As shown in Table 1, the incinerator has operated for approximately 4500 hours and has
processed over 150,000 ft3 of waste. This volume equates to over 624,500 lbs of waste.

TABLE 1. WERF YEARLY INCINERATION TOTALS

Fiscal
Year
(Oct-
Sept)

1984
1985
1986
1987
1988

Totals

*

Time
Operated,

hrs

16
322

1,312
1,997

814C

4,461

Weight
Before

Processing,
lbs

180
34,600

221,000
247,500
121,300c

624,580

Volume
Before

Processing,
ft3

48
7,078

53,256
61,352
29,376C

151,110

Volume
After

Processing,
ft3

NDb

106
195
190
103c

594

Volumea

Reduction
Ratio

NDb

67:1
273:1
323:1
284:lc

254:1

a. Does not include ash solidification

b. Due to the insignificant quantity, the ash volume was not determined

c. As of March 1988

Overall, the WERF incinerator has achieved high performance marks. The volume reduction attained
has exceeded expectations. Off-gas treatment effectively controls radionuclide emissions at approximate-
ly 2 yCi per year, which is several orders of magnitude below regulatory guidelines. In addition, a maxi-
mum oxidation loss inside the off-gas system of 0.015 in. in three years is allowing equipment lifetimes to
surpass expectations.

Process Description

The incinerator, a 5-million Btu/hr controlled air unit with a completely dry off-gas treatment system,
was originally designed for solid waste. It includes a vertical loading chute that serves as an airlock during
waste loading, a lower chamber that pyrolyzes and partially combusts the waste, an upper chamber that
serves as an afterburner for the volatile gases generated in the lower chamber, and an ash ram that peri-
odically strokes along the hearth pushing the ash to the rear of the lower chamber and into a cooling hop-
per. Since the original construction, a 1.3-million Btu/hr liquid waste burner has also been added to the
incinerator for the destruction of hazardous and mixed wastes. A schematic diagram of the complete in-
cinerator system is shown in Figure 1.

Combustible solid waste comes to WERF packaged in cardboard boxes lined with polyethylene bags.
These boxes are placed on a roller conveyor and automatically transported through a waste characteriza-
tion system. This system consists of a beta/gamma detector used to monitor waste radiation levels, an x-
ray monitor used to inspect for undesirable types of waste, and a scale used to monitor the waste feed rate.
After characterization, the boxes are conveyed through an air lock and up an elevator to the waste load-
ing chute.
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When loading solid waste, the lower chamber is operated in a substoichiomclric mode. Volatiles
generated in the lower chamber during substoichiometric burning are then combusted in the upper cham-
ber where excess air is injected. After approximately four hours of feeding waste, the nonvolatile, car-
bonaceous heel remaining in the lower chamber is burned out by discontinuing feed and slowly changing
to an excess air mode by introducing underfirc air through ports in the hearth. After the heel is burned
out, waste feeding begins again and the cycle is repeated.

The incinerator and liquid waste system have successfully undergone a Resource Conservation and
Recovery Act (RCRA) trial burn and a Part B Permit application has been submitted to the Environmen-
tal Protection Agency (EPA). The incinerator has Interim Status under RCRA but has not yet processed
any mixed wastes. Mixed waste incineration is expected to commence by the end of CY-88. For liquid
mixed waste operations, liquid waste will be pumped from drums to a vortex burner mounted in the lower
chamber wall and both the upper and lower chambers will be operated with excess air.

Regardless of whether solid waste or liquid waste is being burned, the off-gas treatment is the same.
The off-gas is first cooled by air dilution and then by a parallel flow, shell-and-tube heat exchanger. The
off-gas is then further diluted and filtered by a baghouse and a high-efficiency paniculate air (HEPA) fil-
ter bank. This dry off-gas system has no provisions for acid gas removal, but instead relies on the waste
generators to segregate and remove acid-forming materials.

System Performance

One of the most important measures of performance is how well the system meets site needs. In this
regard, the WERF incinerator has performed well. The controlled-air incinerator, combined with the dry
off-gas system, have proven easy to operate, requiring only a console operator, a field operator, a health
physicist, and a supervisor for each shift. Operations to date have demonstrated that the incinerator can
easily be started up and shut down to meet the waste supply with no significant problems. This ability is
important as the waste volume is subject to some variation. The current waste volume requires monthly
incineration campaigns of five or ten days of around-the-clock operations.

Another important parameter is the ability to handle large fluctuations in waste composition. Depend-
ing on the waste generator and their activities, waste composition during a campaign can vary from 100%
wood to 100% plastic. Yet, regardless of the waste composition, the WERF incinerator provides com-
plete burnout of hearth ash, reducing carbon content to less than 0.5%. This fact, combined with the low
volume of flyash generated, has resulted in volume reduction ratios of approximately 300:1.

Material Performance

Another key indicator of performance is the ability of the construction materials to resist deteriora-
tion. This parameter is particularly important to the WERF off-gas system as there is no method for acid
gas removal. Furthermore, highly corrosion-resistant super alloys were not used; instead, this system is
made from relatively inexpensive carbon steel and 304 and 316 stainless steel (SS).

To assess the effects of corrosion, material coupons have been installed in the off-gas system at four
different locations. Each location contains, as a minimum, coupons made from the same material as the
off-gas system at that location. In addition, two locations contain coupons made from other alloys which
are being tested as potential replacement materials.

To date, two sets of coupons from each station have been analyzed. Results from examination of the
oxidation coupons are shown in Table 2. In general, the 316 SS coupons near the heat exchanger inlet
have shown a material loss from oxidation of 0.0066 in. for every thousand hours of incinerator operation.
The 304 SS coupons at the heat exchanger outlet have shown negligible oxidation losses. The stainless
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steel U-bend specimens upstream of the baghouses have shown some stress cracking, with an average
crack depth of 0.026 in. after 1,200 hours of incineration operations. The carbon steel U-bend specimens
between the HEP A bank and the exhaust blowers have shown negligible cracking.

TABLE 2. MATERIAL PERFORMANCE IN WERF OFF-GAS SYSTEM

Average
Cummulative Penetration

Coupon Location Type of Material Operating Timp,r Hours Inches

Heat Exchanger 316 SS 600 0.004
Inlet 316 SS 1,200 0.008

Heat Exchanger 304 SS 600 Negligible
Outlet 304 SS 1,200 Negligible

In addition to the coupons, one heat exchanger tube was removed from the heat exchanger and ex-
amined. The examination revealed an oxidation loss of 0.011 in. at the hot end, no visual evidence of
material loss at mid-length, and localized pitting (not oxidation) of up to 0.010 inch deep at the cold end.
This inspection occurred after the first 3700 hours of hot operations.

The incinerator refractory is also monitored for deterioration on a regular basis. This refractory, a high
alumina material embedded with stainless steel needle fibers for extra strength, is subjected to a large
amount of thermal and physical stress. Temperature cycles, from ambient to over 2000°F and back down
to ambient, occur monthly. Also, normal operations result in a gradual buildup of slag on the lower cham-
ber floor. This slag must be routinely chipped out or the ram, when stroked, will become jammed. Despite
this rough treatment, the refractory is still in excellent condition. The only repairs that have been required
were on the refractory on the lower door in the loading chute. This door must be swung open and then
closed each time a box is dropped into the incinerator. The result is a soft jarring encountered at the end
of each opening and closing stroke. This jarring is the likely cause of the door damage.

Overall, material performance has exceeded expectations. The off-gas system has proven to be rela-
tively tolerant of the small amount of halogenated material in the waste stream and the refractory has
proven to be durable despite the slag and thermal cycles.

Incinerator Upgrades

Upgrades are planned for the WERF incinerator which will enhance its ability to process a wider variety
of waste types. A dry scrubber will be added to the off-gas treatment system to allow processing of high-
ly chlorinated wastes and other acid forming materials. Liquid waste burners will replace the standard
burners in both chambers to increase the liquid waste capacity to 5 million Btu per hour and a new liquid
waste feed system will be installed to match the capacity increase and allow blending of wastes.

Off-Site Waste

Combustible mixed wastes arc regularly generated at the various U.S. Department of Energy (DOE)
sites. Most of the sites do not have the capability to incinerate these wastes on site and no commercial in-
cinerators have authority to treat mixed waste. As a consequence, these wastes are stockpiling onsitc.
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The INEL will consider accepting combustible mixed wastes from other DOE sites on a case-by-case basis
for treatment in the WERF incinerator. This will allow the INEL to alleviate accumulation problems with
these types of wastes at other DOE sites.

SOLIDIFICATION

Stabilization of a variety of mixed wastes is an ongoing program at the INEL. There are several reasons
for stabilizing a mixed waste: to enhance the waste form for storage or disposal, to allow certain wastes
to meet land ban criteria for disposal, and, in some instances, to eliminate the hazardous characteristic so
that the waste can be disposed of as LLW.

A cement-based solidification system is in operation at the WERF facility to solidify the incinerator
flyash and bottom ash and the sizing operation flyash. The incineration of LLW concentrates heavy me-
tals (lead, cadmium), resulting in an ash which is a mixed waste. The solidification process binds the haz-
ardous contaminants so that the waste passes the EPA's toxicity characteristic leaching procedure (TCLP)
and the waste is no longer hazardous.

Solidification of highly radioactively contaminated zirconium fines has also been developed. The zir-
conium fines are highly pyrophoric so the contaminated fines are therefore a mixed waste. The cementa-
tion process causes oxidation of the zirconium and separation and suspension of the fines which is ade-
quate to stabilize its pyrophoric characteristic. The cement also serves as shielding for the radioactivity.
The resulting monolith is disposable as a low-level waste.

Other waste streams are currently being evaluated for potential treatment by stabilization.

SIZING AND MELTING

Size reduction of contaminated metallic waste is being accomplished at the WERF facility using plas-
ma arc cutting and induction melting. Early operations combined the two processes to achieve volume
reductions totaling approximately 8 to 1, with each process yielding half of the volume reduction.
However, melting for volume reduction has been deemphasized since this process is considerably less cost
effective than sizing alone. Sizing and melting operations are conducted during periods when the in-
cinerator is not in operation, approximately 2 to 3 weeks per month.

Contaminated sizing and melting operations commenced in August 1983. The first metal processed
consisted of piping and components from the decontamination and decommissioning of the SPERT HI
reactor which previously occupied the building WERF now occupies. Metallic waste with thicknesses up
to 3 in. can be cut using the plasma torches, and structural assemblies up to 30 ft long and 10 ft on a side
have been processed through the facility.

The 1500-lb coreless induction furnace is currently being used to process another waste form—clas-
sified metals. Melting this waste declassifies it and renders it suitable for recycling to industry.

COMPACTION

The INEL operates a box compactor for volume reduction of a high percentage of the LLW which is
not compatible with incineration, sizing, or melting. The compactor is a 200-lon unit which compacts
waste into 4-ft by 4-ft by 6-ft metal boxes. The resulting waste form has a density of 40 to 45 lbs/ft and
represents a volume reduction of approximately 5 to 1. The compactor principally handles combustibles
which do not meet incinerator acceptance criteria (paper, plastics, cloth, wood), light mctallics (such as
piping, tubing, and small structures), and fillers. The box size is such that most eligible wastes can be in-
serted without size reduction. The compaction chamber is fully enclosed, ventilated, and HEPA-filtcrcd
for contamination control.
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LEAD DECGNTAMINATION/RECYCLING

The INEL has large quantities (5.6 million lbs) of contaminated lead in use or excessed. Lead at the
1NEL is predominantly used for radiation shielding. Lead is a hazardous material. When it becomes
radioactively contaminated and can no longer be used as shielding, it becomes a mixed waste and is then
subject to EPA regulations. These regulations require that lead bo treated prior to disposal. There is no
treatment, process that will render lead nonhazardous nor is there a disposal site that will accept lead as
a mixed waste. Decontamination of lead is the only alternative. Therefore, DOE-ID has initiated a lead
management program to minimize the amount of lead waste generated at the INEL and to decontaminate
existing inventories of contaminated lead.

An evaluation was made of possible lead decontamination processes including Freon cleaning, chemi-
cal systems, electrochemical systems, shot blasting, and refining. Freon cleaning was tested but was not
very successful. The commercial nuclear industry has also tried Freon cleaning of lead with the same
results. Freon cleaning may, however, be used for lead which is lightly contaminated or as a pretreatment
for another process. Chemical systems being tested by the commercial industry are complex, with some
using four different acid baths. They have not been successful at reaching the lower release limits required
at the INEL and at the present time can be used only on lead bricks and selected sizes of lead sheet.
Electrochemical systems have been tried by the commercial industry but produced extremely poor results.

Shot blasting is also a potential decontamination process for lead bricks and sheet but undoubtedly
would not work on lead shot, lead wool, or special shapes with drilled and threaded holes. Since many of
the lead decontamination processes are shape dependent, refining was evaluated as a method to decon-
taminate lead. The success of the refining process is not dependent on shape or form.

Bench scale refining tests have been conducted at the INEL. These tests consisted of spiking lead with
known amounts of radioactive Cs, Sr, and Co, melting the mixture, and testing various fluxing agents. The
results were uniformly successful and demonstrated that the refining process was effective in removing
the contamination with the dross for any flux used. Further testing will be conducted to determine the
best rcfinng process to be used on a larger scale.

A metals recyling facility is presently being designed. This facility will house a 10-ton capacity lead fur-
nace with necessary support equipment. Further tests will be conducted on a larger scale using the isotopes
that were tested in the bench-scale tests as well as other isotopes, such as uranium and activated antimony.
The goal of the isotopes, such as uranium and activiated antimony. The goal of the recyling facility will
be to decontaminate existing excess inventories of contaminated lead to a level that is below detectable
limits.
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ABSTRACT

Research suggests that certain regions of the United States will face
shortages of hazardous waste disposal facilities within the next decade.
Two primary factors that interfere with state officials ability to
develop an effective hazardous waste disposal facility siting prograin are
inconsistencies in federal regulations and public opposition. This paper
examines the technical and political inputs to the siting process.
Specifically, it targets inconsistencies in federal regulations and the
issue of reducing public opposition by deriving ininirrum site location
standards from a review of standards of thirty-two states that are
greater than existing federal regulations. We conclude that neither
technical site-specific criteria nor public involvement alone can assure
facility location approval. However, a combination of considerable host
community involvement and technical site-specific criteria may increase
the probability of site approval. A decision methodology based on these
conclusions is proposed to aid developers in selecting sites for
hazardous waste disposal facilities.

INTfiCCUCnCWf

A site selection process for hazardous waste facilities may be
generalized into two primary components, technical criteria and public
involvement. The technical criteria component provides environmental
safeguards and economic considerations for site development. The public
involvement component addresses the level of participation that the host
cxinmunity is allowed in the site selection process. Of these two
factors, studies suggest that the absence of public involvement in the
process is more likely to hinder facility siting approval (1,2).

The public's attitude towards hazardous waste management facilities
is related to a concern for long-term health and welfare of the
surrounding community and a lack of confidence in the ability of
government and industry to safely manage wastes (1). Reducing public
opposition may be accomplished mainly through public: education and/or
economic incentives. Therefore, the challenge of developing a hazardous
waste facility siting program is to design a set of criteria that blends
technical expertise and political sensitivity whereby public fears are
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alleviated and facilities are located in areas where environmental and
health risks are minimized (2,3).

The purpose of this paper is to address these two components (i.e.
technical criteria and public involvement) that Tennessee and other
states are facing in siting treatment, storage and disposal (TSD)
facilities for hazardous wastes. This study reviews the minimum
technical criteria and level of public involvement in the siting programs
of thirty-two states. Finally, the proposed decision-aiding methodology
for siting hazardous waste disposal facilities will be outlined and
future uses discussed.

INFLUENCES ON THE SITING OF HAZARDOUS WASTE DISPOSAL FACILITIES

One of the major difficulties in establishing siting criteria for
hazardous waste management facilities is that the development, operation
and closure of the facility encompasses some degree of risk. Therefore,
the selection criteria for siting the facility must be designed to
maximize protection of the public and surrounding environment and present
an acceptable (low) risk. However, prior to determining criteria for
siting hazardous waste disposal facilities the following influences oh
the siting process must be considered: federal, state, and local
regulations; public involvement; the initiator of the process; and the
market.

Federal regulations of particular interest are the 1981 land disposal
regulations (4) which require that a landfill must be a) at least 200
feet from an active fault and b) located in the 100 year floodplain.
Exemptions to the floodplain considerations for facilities that were in
existence before the Resource Conservation and Recovery Act (RCRA)
regulations took effect are granted if wastes can be moved before
floodwaters reach them, or the owner or operator can demonstrate that
washout would cause no adverse environmental effects.

Another significant piece of legislation is the 1986 Superfund
Amendments and Reauthorization Act (SARA). This act states that all
Superfund clean-up activities shall cease unless a state has entered into
a contract or cooperative agreement with the President by October 1989
providing assurance of adequate capacity (either within the state or
under an interstate agreement or authority) to treat or dispose of all
hazardous wastes generated within the state over the next twenty years.
Further compounding the stringency of SARA is the earlier 1984 RCRA
Amendments which state that existing facilities are prohibited from
receiving, storing or treating hazardous wastes as of November, 1988,
unless the facility is in compliance with the new minimum technological
requirements. This upcoming deadline, combined with anticipated
restrictions on wastes that may be disposed in surface iirpoundments, is
forcing closure of many facilities.

Potential conflicting deadlines in the 1984 RCRA Amendments and 1986
Superfund Amendments have sent mixed messages to state officials. Of
greatest concern are those deadlines that create the possibility of
certain wastes being banned from land disposal without adequate capacity
in alternative treatment facilities. As a result, EPA may choose to
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extend the 1988 deadline. The uncertainty over ultimate deadlines and
wastes acceptable for disposal significantly increases demand for
hazardous waste management facilities and may affect the siting process
in three ways. First, it may discourage states from adopting a siting
process. Second, it may slow facility approval by EPA and the voters.
Third, it discourages private investment decisions (5).

Despite these uncertainties, at least thirty-two states have adopted
procedures for siting hazardous waste disposal facilities. The majority
of the thirty-two states (including Tennessee) have adopted hazardous
waste siting programs that address only distance to the nearest fault and
whether or not the location is within the 100 year floodplain. A few
states, however, have adopted more stringent minimal technical location
standards.

While local governments generally do not directly regulate hazardous
waste facilities, they do exert much control over facility location
through zoning laws, special use permits, building permits, easements,
and right-of-ways (6). local government officals may also influence
public support or opposition. Some states have elected to restrict local
government power in the siting process as an attempt to restrain public
opposition. This pre-emptive form of legislation has been unsuccessful
(7). Other states, including Tennessee, have selected a non-pre-emptive
approach and have given local authorities the power to reject the siting
of a facility. States that adopt this type of legislation normally offer
a wide range of incentives (ie: monetary, employment, etc.) to obtain
comnunity approval.

Ryan (1) reviewed the hazardous waste siting program in twenty-four
states and catagorized the state programs on the basis of host coanunity
involvement (i.e. the amount of input the public is given in siting the
facility): considerable, limited, or minimal. The majority of the siting
programs (approximately 74%) were structured to limit or minimize host
community involvement. Moreover, of thirty-two sites proposed in the
examined states only eight were approved for further development. These
findings suggest that restricting public involvement decreases the
probability of facility approval. In contrast, past experience shows
that public involvement is associated with a higher rate of approval.

English and Davis (8) suggested that at least one of three groups may
propose the siting of a hazardous waste management facility; the
developer, the state, or local governments. All states with siting
programs include provisions for developer initiated proposals. In fact,
in some states the initiatory role is restricted to the developer, who
writes the section of the permit application providing the basis of the
permit. State officials often lack such experience. However, as states
continue to experience difficulties in obtaining siting approval and
pressures increase for the development of TSD facilities, more states are
making provisions for state-initiated and/or local government-initiated
proposals.

Rubin (9) examined the effects of market forces and institutional
constraints on present and future hazardous waste treatment, storage and
disposal capacity. According to experts, the marketplace alone may no
longer be able to meet hazardous waste management needs (7). The federal
and state governments' implementation of regulations has resulted in an
increased demand for waste management capacity while other regulatory
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activities have undermined the private sector's ability to supply it.
Rubin attributes this inability or unwillingness of the private sector to
develop TSD facilties to three main reasons. First, the complex process
of siting and obtaining permits for new facilities may require two years
or more. Secondly, private waste management firms often face formidable
community opposition to facility siting proposals. Finally, state efforts
to override or work with localities have not been too successful.

Andrew and Prete (10) surveyed major cortmericial waste management
firms and regulatory officials in all 50 states. Like Rubin (9), Andrew
and Prete suggested that the primary industrial concern is that the
closure of non-complying facilities will produce increased demand for
hazardous waste management facilities that significantly exceeds existing
capacity.

Each of these studies reported that there is a need for the
development of hazardous waste TSD facilities in the United States (1,8-
11). A 1982 report released by the Keystone Center (11) on facility
siting predicted that a shortage of hazardous waste management facilities
will create several undesirable consequences, such as potential public
health hazards, water contamination, and costly clean-up operations.
This situation will only intensify as more stringent RCRA regulation
deadlines approach and subsequent enforcement results in the closing of
existing unsafe facilities.

MINIMAL TECHNICAL CRITERIA IN STATE SITING PROGRAMS

At least thirty-two states have adopted regulations addressing
minimum location standards for hazardous waste disposal facilities.
These states are: Arizona, Arkansas, California. Colorado, Connecticut,
Delaware, Florida, Iowa, Illinois, Indiana, Kansas, Kentucky, Maine,
Massachusetts, Maryland, Michigan, Minnesota, Missouri, Montana,
Nebraska, New Hampshire, New Jersey, New Mexico, New York, North
Carolina, Ohio, Oregon, Pennsylvania, Rhode Island, Tennessee, Virginia
and Wisconsin.

Eight criteria were selected for comparative analysis of the states1

initiative to set minimal technical criteria. These criteria were
selected for two reasons. First, they were the most frequently addressed
characteristics in the states' regulations. Secondly, the criteria
addressed a major environmental siting concern (e.g. hydrological,
hydrogeological, topographical). The examined criteria are 1) location
in the floodplain, 2) distance to the nearest fault, 3) permeability, 4)
distance to an occupied dwelling, 5) distance to public water sources and
wells, 6) distance to surrounding surface waters, 7) distance to other
sensitive areas, and 8) depth to groundwater. Table 1 lists the results
of the review of 32 states minimum technical siting criteria that exceed
existing federal regulations for the examined eight criteria.

Of the reviewed criteria, depth to groundwater (criterion #8) is the
most diverse in adopted minimum standards and therefore, could not be
shown in Table 1. Three states, Colorado, New Jersey, and Iowa have
legislated that the site location must be a minimum of 100 feet above the
groundwater table. On the other hand, Michigan, Arkansas, and North
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Carolina have implemented the standard that the groundwater table must be
at least ten feet below the installed liner system. Arizona requires
that the site must be a minimum of 150 feet above the groundwater table.
California mandates that the depth and permeability must be proportioned
to assure that the groundwater will not be contaminated for at least 100
years. Finally, Oregon requires that the proposed site be a minimum of
30 feet above the groundwater table and that the soil must have a
permeability no greater than 10~7 cm/sec. Hie differences in these
standards for protecting groundwater may be attributed to the varying
hydrogeological conditions for each state, but is more likely due to
different degrees of aversion to risk.

Table 1. Review of 32 States Minimum Technical Criteria

Criterion

#1

#2

#3

#4

#5

#6

#7

Range

100-200 yr

0.2-1.2 mi

500-2640 ft

250-2640 ft

10"*7 cm/sec

0.04-1.0 mi

0.5-1.5 mi

Mode

100 yr

1.2 mi

2000 ft

1000 ft

10~7 cm/sec

1.0 mi

1.0 mi

Number
Mpfln T.ierfirr

100 yr

0.35 mi

1590 ft

1333 ft

10~7 cm/sec

0.43 mi

1.0 mi

of states
i Criterion

29

10

10

14

12

10

9

NOTE: Criterion #1 - location in floodplain, #2 - distance to the
nearest fault, #3 - distance to an occupied dwelling, #4 -
distance to a public water source, #5 - permeability, #6 -
distance to surrounding surface waters, #7 - distance to
other sensitive areas

The review of states minimum technical criteria shows that states
have adopted two main formats in addressing location standards for
hazardous waste disposal facilities. The first and most common format
which we have labeled "open-ended11 requires that the initiator perform an
environmental impact study that addresses criteria similar to those
examined in this study. The second and more stringent format used by
states is labeled as "site-specific". States that adopt this format,
generally, establish a list of prohibiting site-specific standards that
restricts the location of the site to regions considered acceptable.

Figure 1 shows the number of the eight examined criteria that the 32
states addressed as minimum technical standards. The greater the number
of criteria a state addresses, the more site-specific the state's siting
process. Similarly, the lower number of minimum technical criteria a
state requires, the more open-ended the state's siting program.
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Each method of setting minimim siting standards has advantages. The
advantages of the open-ended viewpoint are that it (a) entrusts a greater
power to the approving body to decide what is acceptable, and (b) allows
more freedom for the developer in design. Advantages of the site-
specific format are that it (a) allows public officials to more readily
examine the proposed design, (b) prohibits poor sites from being con-
sidered and (c) lessens public fears because minimum standards are being
enforced.

Figure 1. waste Siting Criteria of states

- T«m«ssee'» Prohibitint Criteria

Ifumber of wifaiVw™ criteria required by states
(in addition to Federal requirements)

There has been little federal government involvement in establishing
standards that directly address site specific conditions that affect the
probability, type and extent of releases of hazardous substances into the
environment (5). The RCRA regulations have largely centered on
technology and definition of wastes to be considered hazardous. A strong
argument can be made that the development of site specific standards
cannot be ignored but are far too complex to be determined at the state
or local level (12). Despite the complexity of this issue and the added
costs for selecting and determining site specific criteria, most states
have attempted to establish a site selection program. Table 2 contains a
list of the states studied and denotes whether the siting process for
that state is classified as site-specific or open-ended. A state's
siting process was considered "site-specific" in format if the state
addressed four or more of the examined criteria. Based on this criteria,
thirteen states, are considered to have adopted siting programs that are
reasonably site-specific in format. Also, listed in Table 2 are data
from a study by Ryan (1) that examined host community involvement. These
data are added for comparison to determine the possible relationship
among technical criteria, host comnunity involvement and approval of
proposed sites. An interaction among these factors may exist that
determines the probabilty that a site will be approved. Table 2 shows
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Table 2. Comparison of Technical Criteria vs. Host Involvement

Technical Criteria Host Involvement Siting Proposals
State Specific Open-ended Great T.iwnt-«aH Minimal Atts Approved Pending

AZ
AR
CA
CO
CT
ce
FL
IL
IN
10
KS

MA
ME
MD
MI
MN
MO
MT
NE
NH
NJ
NM
NY
NC
OH
OR
PA
RI
TN
VA
WI

X
X
(X)
X

X

(X)

X

X

X

X
X
(X)

X
X
X

X
X
X
X
X

X
X
X
X
X

X
X

X
X
X

*
*
X
X
*

X
X
*

*
*
X

*

*

X
X
*
X

*
*

*
X

X
X

X

X
X
*
*

X
*
X
X
X
*
X

X
*

X
*
*
X

*
X
X

X
X

*
X

X
*
*
X
X

*

*

*

2
*
*
1
0
•s
2
7
0
0
0
2
4
*
2
3
0
*
*
0
2
0
*
1
1
2--
*
0
1
1
*
0

1
*
*
1
0
*
1
1
0
0
0
1
0
*
1
0
0
*
*
0
0

' 0
*
0
0
0
*
0
1
0
*
0

0
*
*
0
0
*
0
2
0
0
0
0
0
*
0
0
0
*
*
0
2
0
*
0
0
1
*
0
0
0
*
0

Totals 14 19 8 12 10 32 8

NOTES: A state is designated a "site specific11 in the Technical
Criteria column if the states siting regulations addressed a
minimum of 4 of the 8 examined site specific criteria.
Host Involvement and Siting Proposals data frcm Ryan study
(1). A state may have more than one Host Involvement
program.
(X) - signifies that the states siting regulations addressed
exactly 4 site specific standards.
* - signifies that state was not in Ryan study.
Atts = attempts
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Oolorado and Rhode Island are the only states that have siting programs
incorporating site-specific technical criteria and maximal host
involvement. Furthermore, both Colorado and Rhode Island proposed siting
a facility and both were approved for further development. On the other
hand, Michigan, Arizona and Illinois have site specific programs but with
limited or minimal host involvement and have had difficulty in obtaining
siting approvals. Among these three states, 12 potential sites have been
proposed with only 2 approvals. Massachusetts, however, is a state with
regulations having an open-ended format with considerable host community
involvement. Of four siting attempts in Massachusetts, none have been
approved. New Hampshire, New York and Ohio are states that have siting
programs that use the open-ended format with limited or minimal host
influence. Again, no sites have been approved in these states.

In sum, it appears that neither site-specific criteria nor public
involvement in the site selection process alone can assure facility
approval. However, a combination of site specific criteria and consider-
able host ccnnunity involvement may increase the probability of approval.

A DECISION AIDING METHODOLOGY FOR SELECTING SITE IDCATION

The complexity of the siting process raises the need for a broad
decision methodology or "logic tree11 to aid decision-makers in the
selection process. One of the main objectives of this paper is to
provide a decision-aiding model for siting hazardous waste disposal
facilities. Figure 2 is a schematic of the decision aiding model. The

Figure 2. Decision-Aiding Model for Selecting Site location
(START) rlln.
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design of the model is a three phase sequential process to select the
"best" possible site(s). It is the intention of the authors that this
decision aiding process be general enough to be applicable in the siting
of any hazardous or industrial waste management facility.

The first step in using the model requires the user(s) to select the
most important location characteristic (s) to determine the region of the
state that best satisfies the desired characteristic(s). The user(s)
then proceeds through the three phase decision process.

Phase I involves the evaluation of the reconmended site for minimum
technical criteria. Based on the earlier review these minimum technical
criteria should be more extensive than those adopted by most states but
should not be so extensive as to discourage developers. Establishing a
minimum for the eight criteria addressed in this review would serve as an
acceptable foundation for minimum criteria. Moreover, Phase I serves as
an initial discriminator of recommended sites. If a site does not meet
all of the established minimum site standards it is considered
unacceptable.

Fhase II of the site selection process is an extensive examination of
hydrological, hydrogeological, geological, topographical, transportation
and economic characteristics of all sites that successfully meet the
requirements of Fhase I. The goal of Phase II of the decision process is
to generate technical characteristic constants for the examined site
characteristics.

Fhase III involves the multi-attribute utility theory analysis to
determine value judgement constants for the technical characteristic
constants determined in Fhase II. Hie purpose of this phase is to allow
each participant representing varying opinions on the importance of site
location characteristics a second opportunity to impact the decision.
The final step in Fhase III is to substitute the determined technical
constants and value judgement constants into a multi-variable equation to
yield an index score of the sites' ability to protect the surrounding
public and environment. By allowing each participant in the siting
process to assign his or her value judgement to the determined technical
constants, a range for the final rating index for each evaluated site
will be established.

It should be noted that this model does not determine how well a
waste disposal facility will operate. This must be done when the
contents of the facility, engineered safeguards, operational mode of the
facility and transport pathways to man are known. Instead the model
determines the means through which the likelihood of the siting of a
repository is increased, wherein all pertinent interests in the siting
process are considered and natural safeguards are maximized.

CONCLUSIONS

Issues involved in Fhase I, (i.e. evaluation of minimal technical
criteria) of the decision aiding model are addressed throughout this
paper. Research for and development of Fhase II and Phase III (i.e.
evaluation of technical and value judgement constants) of the model are
currently underway. Despite the fact that data on waste generation and
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capacity of existing TSD facilties are inoonplete and conflicting, it is
apparent that the nation, or at least some regions, nay face a shoratge
of adequate hazardous waste disposal capacity within the next ten years
(11). Hence, a need exists for a decision-aiding methodology for the
siting process.

This study indicates two reasons for the unwillingness or inability
of private providers to site new TSD facilities. First, existing
regulations suffer from inattention to detailed site specific standards,
which leads to the proposal evaluation being left to the discretion of
permit writers. Second, most siting processes have restricted public
participation. Sensitive social issues such as land value, employment
opportunities, and enviromental impacts must include the comnunity as
part of the site selection process.

The aforementioned decision aiding methodology attempts to alleviate
these problems in the site selection process by instituting site specific
criteria (Phase I) and stressing multiple viewpoints (Phase III).
However, the effectiveness and sensitivity of this model cannot be
measured until present research is completed and the model is applied to
real cases.
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PUBLIC INTERFACE AND WASTE MANAGEMENT PLANNING:
AN APPROACH FOR INTEGRATING COMMUNITY INVOLVEMENT

IN WASTE STRATEGIES

Peter J. Xiques

ABSTRACT

Public involvement and information programs have bridged a communication
abyss and allowed waste management policy-makers to understand
legitimate public concerns. The perception often held by waste
generators that technical concerns had greater validity than
institutional issues is being altered as managers realize that
information failures can halt a program as abruptly as technical ones.
The role and level of involvement of the public in establishing waste
management policies has changed dramatically over the past decade. Once
the domain only of the generators and regulators, effective waste
management strategy development must now make early provisions for
public and local government involvement. By allowing public
decisionmakers to participate in the initial planning process and
maintain involvement throughout the implementation, many institutional
barriers can be avoided. In today's climate, such barriers may
represent direct costs, such as litigation, or indirect costs, such as
delay, deferral, or duplication of work. Government programs have
historically enjoyed a degree of insulation from public involvement
factors on the basis of national security, defense, or the greater
public good. However, such programs are no longer sacrosanct. Today,
the cost of cleaning up past environmental impact can leave little or
no money to meet present program objectives. Thus failure to get a
public consensus before beginning remedial action can have a major
impact on the allocation of scarce resources. Specific approaches to
integrating the public into the planning phase of waste management will
be addressed, including audience identification, issue analysis and
tracking, prioritization of concerns, and information tool development.

INTRODUCTION

Information failures can halt a waste management program as abruptly as
technical failures. Sometimes faster. We are in an information age, a
time when managers have the necessity and luxury of vast information.
The public now demands, and is often guaranteed, access to that
information. In the business of waste management, the success of a
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project now can hinge on how effective its administrators are at
communication. This paper will provide an overview of the importance
of public interface in waste management. Next, it will examine some of
the collateral advantages to the process of public interaction.
Finally, it will present an algorithm for baseline planning,
illustrating some key steps in institutional planning for information
programs.

BRIDGING THE ABYSS: THE NECESSITY FOR PUBLIC PARTICIPATION

A Texas Case

In 1981, the Texas Legislature adopted and the Governor signed a bill
establishing the Texas Low Level Radioactive Waste Authority with the
responsibility of siting, developing, and operating a low level disposal
facility for rad waste generated in that state. In 1987, after a
detailed study, public participation, and additional guidance from the
Legislature, the Authority was prepared to designate a site 11 miles
northeast of Fort Hancock in a county of 2500 residents. The nearby
county of El Paso immediately secured an injunction against further
siting efforts in the neighboring county. Although the injunction and
later appeals were eventually overturned, new siting studies costing
nearly $2 million were begun and should be complete by late 1989. No
final decision on a preferred site will be made until then.

An Illinois Case

In December 1983, the Illinois Low-Level Radioactive Waste Management
Act became law. It charged the Illinois Department of Nuclear Safety
with promulgating rules for siting, licensing, and operating a LLRW
facility. After studies identifying potential candidate sites and an
extensive program of public involvement, including over 50 public
meetings, hosted tours of related facilities, meetings with county
officials, media information, international symposia, and school
programs, a location near Martinsville in Clark County was identified as
a preferred site. On February 3, 1988, the Martinsville City Council
unanimously adopted a resolution in support of the facility. The crowd
present applauded. By mid February, almost all neighboring governments
in the county had passed similar resolutions.

To suggest that the only difference between these projects was public
interaction and information exchange would be extremely simplistic. The
issue of waste disposal is a very sensitive one in Texas, as elsewhere.

However, the differences in these two projects were not principally
technical. The results should be an eloquent message to waste
managers. Failure to get a public consensus on the process early costs
time and money. There are many other examples - some very close to
home.
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There is good news from these scenarios, however. The Texas case
appears to be moving towards a happy ending. Texas has an active
program of public involvement and the will of the people is being
reflected in the low level waste program. Here is how.

o Early in the project, a Citizen's Advisory Committee was formed
to establish siting criteria. Their input has lent credibility
to the project.

o Modified Keystone Committees were formed in two communities that
were identified as potential sites. Chaired by local community
leaders, their purpose is to provide a conduit back to the LLW
Authority.

o Information tools, including direct mailings, publications, and a
newsletter are being used to keep current information before the
communities.

o A project office with a staff of six has been opened in Fort
Hancock.

o A Technology Screening Committee was established to evaluate 11
alternative disposal options. Although their initial cost/risk
analysis indicated that shallow land burial was the preferred
option, upon review, the committee decided to recommend concrete
canister and vault disposal instead.

Today, public involvement programs are being focussed on the communities
directly affected. When the project is finalized, it will be as a
result of extensive public interaction. This, too, takes time and
money, but it will result in a superior project because it will reflect
the concerns of the affected citizens.

Technical vs. Institutional Issues

The perception long held by waste generators that technical issues have
greater validity than institutional issues has been changed over the
past decade. No longer is it sufficient to show regulatory bodies that
a waste management strategy is technically sound; public issues and
concerns must be recognized, evaluated, responded to, and incorporated
into the overall management philosophy.

The current climate of increased regulation and legislation reflects a
public sentiment of distrust for the waste management industry and the
Government. Many new state laws are redundant to or more stringent than
provisions of the Federal Resource Conservation and Recovery Act (RCRA)
and the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA). In a study published in April 1988, for
example, virtually all of the 18 states with DOE facilities had
regulations that went beyond the provisions of RCRA. To the extent that
new legislation increases public safety or improves waste management
technology and practices, it is good. But legal barriers placed before
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waste management programs can lead to increased direct cost due to
litigation, higher indirect costs from delay, and potentially,
compromises to public safety when existing or interim waste management
methods are inadequate or maintained beyond their design life.

These costs, which must ultimately be borne by the public, are not
always perceived by the public as a cost vs. benefit decision. Waste
managers get a strong message: "We don't care what it costs yjyj, we
want it perfectly safe." At the programmatic level, these increased
costs also have an excruciating impact on budgets. In tht years ahead,
especially in government facilities, it may not be uncommon for waste
remediation costs to exceed other program costs. This forces hard
decisions on the issue of continued project viability, since without
separate budget allocations, little money will be left to meet ongoing
objectives.

Public participation, of course, is not merely desirable or pragmatic.
It is legally mandated in a host of waste legislation from RCRA permit
procedures (40 CFR Part 124) to the Nuclear Waste Policy Act of 1982
(P.L. 97-425) and Amendments (NWPAA) (P.L. 100-203). Since public
participation is both important and necessary, it is worthwhile to look
at the investment and the return.

GETTING THINGS STRAIGHT:
THE COLLATERAL BENEFITS OF INFORMATION PROGRAMS

Budgets for information programs are difficult to set and difficult for
managers to justify. The choice to allocate scarce resources to an
activity that is objectively measurable only by its failure is not an
easy one. In terms of cost vs. benefit, the consequences of an
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inadequate information effort make the stakes very high. A project that
must survive the persistent efforts of a broad-based opposition, elected
officials, negative media coverage, additional regulatory reviews, and
litigation is in serious trouble. When information efforts help avoid
these obstacles for technically sound projects, they permit a project to
go forward smoothly. This, then, becomes the ultimate measure of
effectiveness.

Information programs also offer tangible collateral benefits. The
process of developing an information program early in a project often
serves as a catalyst to define the precise purpose, goals, and scope of
a project. In effect, before managers can tell the public what they
hope to achieve, they must be very specific in deciding for themselves.
By way of illustration, the DOE Model itself is an excellent example.
From the DOE Model's inception, the U.S. Department of Energy (DOE) and
Martin Marietta Energy Systems (MMES) decided tha^ the effort would be a
tool for information exchange on waste management technology. In order
to describe the Model's objectives and components to an audience of
waste professionals, factsheets and technical conference panels were
developed. The process of creating these information products was very
dynamic. The draft and review cycle provided a forum for the
participants to identify differences in interpretation of their
responsibilities and objectives. One specific case was the development
of a factsheet on waste minimization. In 1985, there were (and still
are) several schools of thought as to what is included in the scope of
waste minimization. After extensive discussion and review by a network
of key technical people, the staff of the Waste Management Technology
Center, and officials at DOE, agreement on what was to be included in
the DOE Model's view was reached.

Waste minimization was described in this way for the public:

"The most environmentally sound way to manage any radioactive,
hazardous, or mixed waste problem is to avoid producing the
waste in the first place...The practice of waste minimization
begins before a material ever becomes waste - while it is just
'material'."

This simple definition has very clear technical ramifications. Under
it, DOE would not consider contractor efforts in volume reduction (e.g.,
supercompaction or perhaps incineration) to be accomplishments in waste
minimization. On the other hand, process changes, substitution, process
optimization, quality assurance/quality control, recycling, waste
segregation, and even computer-based information networks - to the
extent that they help users avoid producing waste - would be considered
waste minimization efforts.

This, in turn, has the effect of providing guidance to contractors in
their waste management efforts: "Don't come in with an elaborate waste
minimization plan that focuses on compaction and volume reduction. That
doesn't count."
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The process of initiating information for external use promotes an early
dialogue among the program managers. The review cycle serves to
identify key areas of technical expertise and oversight roles. In the
small business side of the private sector, this may be less of an issue
than in the corporate and government/contractor arena. But in any waste
management effort, the necessity for clear, consistent, and
straightforward communication with the public and regulators drives the
information process to an early start.

AN ALGORITHM: KEY STEPS IN INSTITUTIONAL PLANNING

When should information programs and public involvement begin in waste
management programs? What are the critical opportunities at which to_
develop communication and seek a public consensus on the approach?
Because "waste management program" is used here in a very general
sense, there is no single answer to these questions. Every project is
unique. It is useful, however, to look at a timeline of events that
includes provisions of RCRA and pragmatism, and develop a sample
algorithm for public interaction.

Initial Planning

Public information and interaction programs should start early and be
maintained throughout a project. They should result in specifically
identifiable changes in the overall project. If this does not happen,
the program probably has not fully succeeded. This is because the goal
of the information program must be to solicit public response in
addition to informing the public. Otherwise, the letter of the law may
have been met, but not the intent.

In order for the public to make informed comment on a project, it is
essential that they first receive information from the project itself.
By anticipating and planning for this first phase of the information
process from the beginning of a waste project, managers are in a better
position to respond accurately and quickly to public concerns.

Before the project is on the drawing boards, lay out a preliminary plan
for public involvement. Identify affected and interested parties.
Anticipate issues. Prepare white papers for internal review on these
issues. Specifically define the project's scope and objectives;
evaluate its benefits and risks.

Here it should be noted that it is sometimes unrealistic to
hope for a consensus on the project itself. If one side is
selling a pristine environment and healthy children while the
other is selling a dump, the list of advocates for the project
itself may be short. However, if the goal of participatory
involvement is to communicate on the process of defining,
siting, regulating, and managing the project, it is far more
hopeful.
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Preliminary Site Studies

As the site criteria are established, initiate informal discussions with
regulators and community leaders. At this crucial stage, begin to
identify the prioritized list of concerns. Respond to the issues by
involving citizens in the process in an advisory role. Provide all
affected audiences with basic information from which they can respond.

This requires a comprehensive and diverse program tailored to the needs
of the audience. It may include:

media information
Public Service Announcements
printed material
speaker's bureaus
related facility tours
third-party information sources
school programs
citizen panels
a/v media
newsletters
direct mail
information lines
public reading rooms

Site Identification

Through an Advisory Committee, ensure that the public has a role
throughout the site identification process. One objective is to further
understanding and diminish the perception of "railroading" a decision
through. A second objective, equally important, is to increase the
knowledge base for site selection and identify possible exclusionary
aspects of proposed sites.

Project Initiation

Solicit public review of technology options. This is best accomplished
through an appropriately qualified and respected committee from the
community or region. A matrix can be developed of risk and cost to aid
in the selection of a recommended technology.

Permit Application

With the permit application, the major focus of information efforts
shifts slightly to being reactive. Throughout the permit review and
public comment period, the adequacy of prior work and responsiveness to
emerging issues will be tested.

Permit Issuance/Operation

Changes brought about through the public information process may allow a
waste management project to proceed without further appeal. Regardless,
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the information process continues through this period and becomes an
essential link with the community in the operational phase.

This timeline illustrates some of the opportunities for involving the
public. In the initial stages, the differences are small between the
traditional approach to public information (inform the public) and
public interaction (provide information, solicit public response on
needs, priorities, concerns, and the effectiveness of the proposed
solution. Be responsive to the public's input). Obviously, for the
public to comment in an informed way, it is necessary for them to
receive sufficient background information. However, as the process
moves forward, the interactions enable the prioritized list of concerns
to be set by the public rather than the managers. This reverse feedback
is essential. Here, instead of responding to issues managers feel
important, they are responding to issues that the public feels are
important.

Public involvement and community interaction have become an essential
part of the planning for any waste management project. Good information
planning is as important as good technical planning in the overall
success of a project. While legal mandates now require public
participation for many types of waste programs, there are incentives for
managers to use public information in any case. These efforts serve ai>
a tool for clarifying programmatic issues and identifying hidden
technical flaws before a project reaches an impasse. An approach to
public information that begins early and emphasizes responsiveness to
diverse audiences helps ensure a project's success.
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COHNUNICATION AS DIALOGUE

Judith A. Bradbury
E. Brent Signon

ABSTRACT

This paper presents an approach in which communication is viewed as
dialogue; in this view, communication and public involvement are
synonymous. The authors draw upon recent communication theory to
illustrate the difference between two models of the communication
process and their implications for practice. Examples from a variety of
policy areas of the application of communication as dialogue are
presented.

1.0 INTRODUCTION

Our topic today is communication, specifically, our approach to
communication in controversial programs such as waste management. Our
approach can be summed up in two short sentences:

1. Communication means dialogue, i.e. a two-way process.
2. Communication is an integral part of public involvement.

There are four additional parts to our discussion. First, we will
define the term communication and distinguish between two basic models
of the communication process. The discussion, which draws heavily on
the work of Everett Rogers, a leading scholar in the field of
communication theory, is somewhat theoretical; however, these
theoretical distinctions have practical implications for waste
management. Second, we will explain briefly why we view communication
and public involvement as integrally related. Third, and stemming from
our definition of communication, we will outline the major features of
our approach to communication and public involvement in waste
management. And finally, we want to report on some examples, taken from
a variety of policy areas, where communication has been structured as a
dialogue. These cases illustrate a range of mechanisms that can be
employed to facilitate a two-way process of communication.
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2.0 WHAT IS CONHUNICATION?

The words, common, commune, and communication all have the same
etymological root: they come from the Latin, communicare. to make common
to many, share, impart, or give to another as a partaker. As Rogers and
Rogers (1976, p.18) have emphasized, "sharing implies a
relationship...that two or more people do something together, not that
one individual does something to another [it] is not simply a matter
of action and reaction--it is a transactional exchange between two or
more individuals."

The two basic models of communication on which practitioners may rely
differ in terms of the relative emphasis on sharing.

2.1 The Linear Communication Model

Many approaches to communication have adopted, either explicitly or
implicitly, a linear model of the communication process. The linear
model portrays communication as the transmission of a message, via a
channel (media), from a source (sender) to a receiver. Communication is
thus conceptualized as a one-way process, albeit with feedback loops
that allow for a reaction, in which information is provided to someone--
for instance, from project proponents to the public. Frequently, the
term effective communication is used in the limited sense of meaning the
ability to express oneself clearly. Communication is not viewed as a
process of sharing but as a "one-way act through which one individual
influences another" (Rogers, 1986, p. 196).

Essentially, the goal of such a model is persuasion--the focus is on the
effect of communication on the receiver. While such a focus may be
appropriate for studies of the effects of persuasion and propaganda, it
is open to serious criticism as a model for understanding the process of
human communication. Problems with this model stem from the underlying
assumptions about the nature of information and how it is transmitted.

The nature of information. Linear approaches view information as a
physical entity to be transmitted or moved around like a material
object. Such an approach ignores the role of the receiver as an
interpreter of information, the different meanings that may be
attributed to the physical symbols of communication by different
participants in the process, and the element of mutuality in the
generation of meaning.

The psychological bias. The unit of analysis is the individual, or
the individual mind, which is treated as if separate from other minds or
the environment. Thus, the focus becomes the effect of communication on
the individual receiver rather than on the context in which
communication occurs and the relationship between participants.
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The theory of mechanistic causation. The analytical method of
experimentation, which seeks to identify a single causal relation by
holding constant all other variables, has been very successful in the
physical sciences. In the social world, the key is the interaction
among components of the model, namely mutual rather than mechanistic
causation.

2.2 Convergence Theories of Communication

Convergence theories of communication focus on communication as a
process of information creation and sharing, in which the goal is not
persuasion but the development of shared meanings over time. Particular
features of the convergence approach to communication are:

The transaction of information. In this model, information is
transacted among participants. Communication is a process which has no
beginning and no end. Each participant brings to the process his/her
own set of perceptual or cultural blinders. The written or verbal
symbols, which are the physical aspects of communication, may have a
different meaning to each. In the communication process, participants
create and share information with each other, either diverging or
converging (though never completely) on a common meaning or
understanding. This sharing process is inherently a dialogue, which
takes place over a period of time.

The relational aspect of communication. The convergence approach
emphasizes the relationship of the participants in the mutual process of
information creation and sharing. Both are communicators.

The theory of mutual causation. Emphasis in this model is on the
interaction among components of the model. It is no longer biased
toward an examination of the effect of individually manipulated
components (sender, message, channel) on the receiver but considers the
full matrix of relationships, the context in which communication occurs.

[The significance of these theoretical differences will be illustrated
by diagrams of each model and by discussion of the terms risk and
participation!

3.0 THE RELATIONSHIP OF RISK COMMUNICATION AND PUBLIC
INVOLVEMENT IN WASTE MANAGEMENT

As Kasperson (1986, p.276) has emphasized, public involvement and risk
communication are integrally related. Public officials and the various
publics "bring different expectations to the participation (or risk
consideration) enterprise." Agency officials tend to view participation
efforts as a means to accomplish particular ends, such as their mandate
to protect health and safety: their goals include educating the public,
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reducing conflict, or easing program implementation. Risk bearers,
however, tend to view participation as a means of increasing control
over the decisions that affect their lives. Inevitably, therefore,
communicating about risk involves also addressing the decision process
by which risk issues are to be resolved.

When communication is defined as a process of knowledge-sharing among
participants, it becomes an integral part of the attempt to reconcile
differing views. It is a process of developing mutual learning and
understanding among members of a pluralistic and democratic society and
ultimately a search for mutually acceptable outcomes.

4.0 WHAT ARE THE FEATURES OF OUR APPROACH TO COMMUNICATION?

Our approach to communication draws heavily on convergence theory. We
emphasize the importance of putting in place mechanisms that will
facilitate a two-way process of communication. Sharing of knowledge and
development of mutual understanding requires listening as well as
speaking. Processes to establish, build and maintain relationships
provide the necessary opportunities for interaction. They set the stage,
or context, which makes effective communication possible. The features
of our approach are:

Integrated management of technical and institutional issues. For the
neighbors and other groups affected by or interested in a waste
facility, its technical character is inseparable from its relationship
to the community. Facility design, operation, and management are
influential aspects of the way in which the facility is understood.
Absence of technical designers, operators, and managers from the
dialogue renders the dialogue itself meaningless.

Flexibility and learning. Flexibility and learning are hallmarks of
this approach to communication. There are three particular aspects of
flexibility that should be emphasized. First, there is no "one best
way" to structure the communication process. The preferences of the
participants, the general policy area or specific issues at stake, and
the background and structure of those involved vary. Therefore,
selected processes also will vary. Second, because communication means
mutual interaction among communicants, surprises are to be expected and
the process cannot be reduced to a checklist or subset of the engineers'
Work Breakdown Structure. And finally, communication is a learning
process for all participants. Frequently, as the dialogue gets underway,
the original purpose and/or structure will change, reflecting
participants' altered understanding. An effective process may be
expected to evolve.

Participants as joint contributors. In order for the dialogue to be
effective, both parties must be in a position to contribute. The
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initial, formal structure that is established is important insofar as it
reflects a balance of resources (information, power, and funding) among
the diversity of interests involved.

The use of social science tools. Dialogue and interaction need not be
ad hfi£. The tools of social science (surveys, key informant interviews,
focus groups) are structured means of listening, enabling skilled
practioners to better understand the intent, meanings, and context of
each communicant, and to identify unrepresented parties. These tools
may be of assistance in developing a prior understanding of the
perspectives of all parties in the process—in identifying differences
in viewpoint among members of the management team, between management
and the public, and among different sections of the public; in
identifying possible bases for agreement in dispute resolution; or in
monitoring stakeholder views.

5.0 SOME EXAMPLES OF COMMUNICATION AS 0IAL06UE

We can find a number of examples where elements of our recommended
approach have been used in communications between groups, albeit without
explicit recognition of communications theory.

Clinch River MRS Task Force.

Background: The Department of Energy (DOE) announced plans to build a
facility for "Monitored Retrievable Storage" (MRS) of spent nuclear fuel
in Oak Ridge, Tennessee and offered a grant for the State to study the
proposal. The city and county asked for a portion of the grant to fund
their own study. (Discussion based on authors' personal experience.)

Initiator: Roane County and the City of Oak Ridge.

Purpose: Specific, to study the proposal and make recommendations to
the county and city governing bodies.

Mechanism: The Task Force was composed of elected City Council or
County Commission members (one-fourth) and citizens of the city or
county (three-fourths), with one vote per member. The Task Force was
subdivided into three study groups and an Executive Committee, each of
which met approximately weekly for about five months. The full Task
Force met seven times during the process. The study groups requested
information of DOE, organized workshops, and toured related facilities,
interviewing officials and citizens in those other communities.

Selection of Members: The City's citizen selection process was to
advertise for applications and resumes from interested citizens and vote
on the applicants at a Council meeting.
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Length of Operation: Five months.

Use of Information Tools: None. Task Force members sought out the
information they believed was relevant.

Integration of Public Involvement With the Technical Task: Evolved, see
below.

Changes During the Ptocess: Although set up as a study group, Task
Force activities evolved into a dialogue and negotiation between DOE and
the Task Force. The Task Force quickly interpreted its role as
specifying conditions for local acceptance rather than merely making a
yes or no recommendation. The local DOE project manager attended most
Task Force meetings, frequently accompanied by project officials from
Washington. As the Task Force raised issues, DOE would often respond
with suggestions for dealing with those issues, even suggesting
operational limits on itself.

Stringfellow Advisory Committee.

Background: The Stringfellow Superfund site in Southern California has
contaminated groundwater in the nearby community of Glen Avon.
(Discussion based on personal communications with Sue Sher, California
Department of Health Services, September, 1988)

Initiator: Established by State at request of local activist groups and
politicians.

Purpose: Specific, to maintain continuous liaison between the
regulators/engineers and the surrounding communities.

Mechanism: The Stringfellow Advisory Committee has about fifteen
members, regulators, state and federal elected representatives, local
communities, and local environmental groups. It meets monthly, and
works by consensus rather than by formal voting. The agenda is also set
by informal consensus. Technical presentations by the contractor are a
regular feature and the contractor's project manager usually attends to
respond to technical questions. The regulatory agencies have funded
hiring a Community Technical Advisor, technical experts assisting the
local community in interpreting and responding to the technical
activities and results of the regulators and their contractor. The
regulator and contractor have also held workshops in which technical
specialists explain specific aspects of the project to small groups of
local residents.

Selection of Members: Groups and individuals who had expressed interest
by being active on the issue were invited into the formal structure.

Length of Operation: The Committee has operated since 1983 and the
Community Technical Advisor has been assisting since 1984.
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Use of Information Tools: Key informant interviewing was used several
years ago to assist in developing the Community Relations Plan. The
regulators publish a newsletter every other month, operate an
Information Center in Glen Avon, and have published a background kit
that explains the Superfund process and the history of the site.

Integration of Public Involvement Kith the Technical Task: The
regulatory agencies and their contractor make presentations on progress
at each meeting and respond to the concerns and suggestions of the
Committee. The Committee has assisted the contractor in identifying
areas where flooding had carried hazardous materials, and has influenced
the choice of alternatives to be investigated.

Lessons Learned: One of the two original activist organizations has
dropped out but all other members remain actively engaged in Committee
activities. But communication between the Committee and the larger
community has been left largely to the newsletter and may have needed
more attention.

Los Alamos National Laboratory Community Council.

Background: This case differs from the three preceding ones in that it
involves not a single issue to be resolved, but building and maintaining
relationships for long-term interaction. Los Alamos National Laboratory
(LANL) found itself estranged from and frequently at odds with the
surrounding communities and set out with a goal, originated at the top
levels of management, to develop relationships with the community that
would foster mutual problem solving. (Discussion based on Sharp, 1988.}

Initiator: LANL.

Purpose: General, better relationships.

Mechanism: The LANL Community Council is comprised of 60
representatives of the neighboring communities and 30 LANL managers,
plus a number of Honorary Members (elected public officials). The
Council meets quarterly to discuss issues of mutual interest. A seven
member Executive Committee meets more frequently, but only sets agenda;
policy is the prerogative of the full Council. The Council is primarily
a vehicle for dialogue between the Laboratory and its neighbors and is
designed to be inclusive. It has established a network of relationships
that frequently facilitates problem-solving through informal contacts
among members, without resort to formal mechanisms.

Selection of Members: The charter gives each community a quota of
members on the Council and leaves their selection to the communities
themselves.

Length of Operation: Has been operating three years.
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Use of Information Tools: None.

Integration of Public Involvement With the Technical Task: Host issues
have involved the local region and its economy, rather than the
technical operations of the Laboratory itself. Yet the LANL members are
technical managers and the Council has dealt with local concerns over
the operation of a new solid waste incinerator.

Albemarie-Pamlico Estuarine Study, North Carolina

Background: The area is designated as a wetland under the Clean Water
Act. Decisions on how to manage the area would affect a wide diversity
of interests. (Discussion based on personal communication with Walton
Jones, EPA, Region 4, September, 1988; and Joan Giordano, N.C.
Department of Natural Resources and Community Development, September,
1988}.

Initiator: EPA

Purpose: Specific, though long-term. To facilitate effective management
of productive resources by combining scientific research and evaluation
of potential management alternatives, in such a manner as to facilitate
the accommodation of the broad spectrum of interests involved.

Mechanism: A three-tiered process was established: a Policy Committee,
a Technical Committee, and two local area Citizen Advisory Committees.

The Policy Committee is comprised of 9 members, including
representatives of the State and Federal agencies with jurisdiction, a
Congressman, marine specialists, and two citizen committee
representatives. The Committee establishes major policy guidelines,
approves budgets, appoints members to the Technical and Citizen
Committees, and will provide final approval of the Comprehensive
Conservation and Management Plan, when issued.

The Technical Committee conducts month-by-month administration. The
20-member committee oversees issuance of calls for proposals, and
reviews and chooses projects for funding in all areas of program
development. Additionally, the committee reviews and approves all final
documents released by the program. The two Citizen Committees (30
members each group) originally were set up as advisory committees.

Selection of Hembers: Policy Committee Members were selected on the
recommendation of the environmental community (voluntary and official).
Citizen Committee Members were appointed by the policy Committee to
represent the broad spectrum of interests: education, industry, public
office, tourism, development, commercial fishing, recreational fishing,
engineering, environmental groups and private citizens.

Length of Operation: EPA-State Cooperative Agreement, signed Nov. 1987.
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Integration of Public Involvement with Technical Tasks: The Technical
Committee carries major responsibility for the technical work.
Essentially, the citizen groups are becoming knowledgeable about the
technical and legal aspects of the management plan and are being
empowered to follow through once the recommendations are made.

Use of Information Tools: Newsletter; videotape/slide show; workshops
on management issues and guidebook.

Changes, Problems, Lessons Learned: Citizen groups, at their request,
now have voting members on the Policy and Technical Committees. One
problem is lack of an absenteeism policy for citizen meetings.

The National Institute for Chemical Studies

Background: The Institute was formed in the wake of Bhopal in the
Kanawha Valley, West Virginia. Between 15 and 20 chemical processing
plants, providing over 10 percent of the region's manufacturing jobs,
are located in the valley. It constitutes one of the eight or nine
largest concentrations of chemical processing facilities in the U.S.
(Discussion based on Crampton (1986) followed by personal communication.
The reader is referred also to Crampton (1986) for a more detailed
discussion of the goals and activities of the Institute).

Initiator: Local, fourth- and fifth generation business people.

Purpose: General, to serve as a bridge, or credible middle party,
between the public and the chemical industry.

Mechanism: The Institute has adopted a two-tier organization comprising
an advisory board and a local board. The National Advisory Board, which
is chaired by William D. Ruckelshaus, former EPA Administrator and
includes national authorities in the area of health and conservation,
provides a national perspective and broad advice on nationally-related
issues. The local board has 14 members, which include a paid Director,
2 representatives from local business organizations, a chemical plant
manager and a chemical plant public affairs manager, a college
president, 3 or 4 citizens representing environmental, church, and
labor interests, and 2 plant neighbors. Additionally, the West Virginia
Governor, the two national Senators and Congress persons serve ex-
officio.

Selection of Members: Members were carefully appointed to ensure
sufficient "weight" to get things done and to reflect a balance among
the spectrum of interests involved, thereby enhancing the Institute's
ability to act as a credible (non-chemical industry dominated)
organization. The two plant neighbors (i.e. persons living in the
immediate vicinity) were selected by the local community. Funding to
support activities was obtained from a similarly balanced interest
representation.
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Length of Operation: Over three years.

Integration of Public Involvement with Technical Tasks: This is the
Institute's primary focus in its "Dialogue Campaign," which is on-going.
A series of meetings/workshops (one large Forum, plus meetings for five
consecutive months in each of four communities) has been held. The
Institute is using SARA Title III as an opportunity to encourage two-way
communication about health and safety issues between the communities and
plant managers. This has involved the Institute acting as a middle-
man in working with both parties: (1) encouraging plant managers to
listen and respond to what people really are asking, (2) helping local
people develop questions to pose to management.

Use of Information Tools: A noteworthy feature of this project is the
wide range of tools employed. These extend beyond preparation of many
"fact sheets" that were required to explain technical issues to
developing a thorough understanding of the technical and human elements.
They include a series of base-line studies on health-effects and an
environmental "road map" of pollutants, levels, sources, and geographic
areas that may be of concern; and a series of focus groups and a public
opinion survey to help identify people's attitudes toward the chemical
industry and how they viewed the risks, benefits, and choices of life in
the Kanawha Valley.

Changes, Problems, Lessons Learned: (1) Integration of the technical
and participatory aspects is a constant challenge. (2) Credibility has
to be proven daily.
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Mary R. English
Waste Management Research and Education Institute
University of Tennessee, Knoxville 37996-0710

ABSTRACT

Can Tennessee meet the SARA 104(k) requirement? This
paper does not conclusively answer that question. Instead,
it focuses on one component of Tennessee's response to
SARA: a process for siting hazardous waste facilities.

By examining other states' siting processes, the paper
investigates a possible institutional framework for siting
hazardous waste facilities in Tennessee. It builds on work
that the author has previously done on siting processes at
the UTK Waste Management Institute and on work that she is
currently doing under contract with the TN Department of
Health and Environment. Negotiated approaches are
emphasized, but others are considered as well.

INTRODUCTION

The 1986 Superfund Amendments and Reauthorization Act
(SARA) includes a provision that by October 1989 each state
must certify the availability of adequate treatment or
disposal capacity over the next 20 years to handle
hazardous waste generated within its borders, either by
in-state facilities or by guaranteed access to out-of-state
facilities. Otherwise, federal remedial action funds for
Superfund sites will be withdrawn.*

Section 104(k) of the 1986 Superfund Amendments and
Reauthorization Act, amending Section 104(c) of the 1980
Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA, commonly referred to as Superfund).
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At present, Tennessee has no permanent commercial
incineration or landfill disposal facilities.
Approximately 50,000 tons of waste requiring off-site
disposal are generated annually in Tennessee. This waste
is now shipped out-of-state, mainly to facilities in
Alabama, Louisiana, and South Carolina, but access to these
facilities may be restricted following 1989.
Representatives of the Tennessee Valley Authority, the U.S.
Department of Energy, and the U.S. Environmental Protection
Agency (EPA), together with representatives of the states
in EPA's Region IV (AL, FL, GA, KY, MS, NC, SC, TN), have
formed the Regional Hazardous Waste Management Roundtable
to discuss regional hazardous waste disposal needs and
responsibilities.

The EPA has not yet released its guidelines on what it
will accept as compliance with SARA. Thus, it is not yet
clear how the SARA requirement will be interpreted by the
federal government or how it will affect Tennessee's access
to out-of-state facilities. It appears, however, that
(i) access to out-of-state facilities may be continued, at
least temporarily, but that a state that does not show a
good-faith effort over the next few years to carry a
reasonable portion of the hazardous waste burden may lose
access; (ii) while facilities to handle a state's waste
over all of the next 20 years do not have to be in place,
the institutional mechanisms to site them should be; and
(iii) state siting processes that rely solely on local
acceptance of developer initiatives will not be favorably
regarded.

Chemical Waste Management has proposed to develop a
commercial hazardous waste incinerator in Millington,
outside of Memphis. The TN Department of Health and
Environment is now reviewing the permit application.

The EPA entered into a cooperative agreement with the
National Governors' Association (NGA), whereby NGA would
hold a forum to recommend what should count as meeting the
SARA requirement. The NGA's draft capacity assurance
guidance document and EPA's reaction to it were released in
August 1988. The main disagreement between the two
approaches is that EPA would give importing states autonomy
in deciding whether to accept out-of-state waste, rather
than having EPA arbitrate between states. Public comments
on the draft guidance document and EPA's alternative to it
are now under review by EPA.
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Tennessee's provisions for encouraging the siting of
hazardous waste facilities were, until recently, provided
by the "Responsible Waste Disposal Incentive Fund"
authorized in 1983. This fund had approximately $2.4
million available to the first community that volunteered
itself as a site for a commercial multi-purpose hazardous
waste facility. However, no community stepped forward, and
the fund has recently been directed to other purposes by
the legislature. In 1983, county and municipal governments
were given the power to disapprove the issuance of state
permits for new commercial hazardous waste landfills. In
1986, this power was extended to include commercial
facilities for hazardous waste treatment, storage, and
disposal (TSD). • • *

Given this situation, it is important for Tennessee to
consider over the next year how it should update its
approach to siting TSD facilities. Even if one facility is
sucessfully sited so that Tennessee can say to the rest of
the Southeast, "We're pulling our own oar," this still will
not provide adequate assurance of capacity over the time
frame dictated by SARA. To provide that assurance,
Tennessee cannot rely on luck. It needs an institutional
framework. And while such a framework does not necessarily
require extensive legislation, it does require thought.

In developing that framework, it is worthwhile to see
what other states are doing. But it is also important to
remember that each state is unique and that, in the end,
Tennessee's siting process must be tailored to its needs
and characteristics.

SITING PROCESSES: KEY ISSUES

Five key issues come up in considering siting
processes for hazardous waste facilities. They are as
follows.

4T.C.A. Section 68-48-108(g).

Information for the following discussion is drawn
from Mary R. English and Gary A. Davis, "American Siting
Initiatives: Recent State Developments," in Bruce W.
Piasecki and Gary A. Davis, America's Future in Toxic Waste
Management (New York: Quorum Books, 1987). This

(Footnote Continued)
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(1) Who initiates a facility proposal? — market vs.
government initiatives.

All states use the market approach as one of their
options. In other words, they allow developers to initiate
proposals for hazardous waste facilities. In many states,
the developer applies to either a line state agency or a
special state board. In other states, the developer
applies to the municipality or county first or notifies the
state and local governments simultaneously.

Increasingly, however, states are taking the lead in
their facility siting processes. While this may be done as
a backup to the developer-initiated approach, in several
states it is being done in anticipation of capacity needs
and siting difficulties. Some states — e.g., New Jersey
— are assessing the kinds of facilities needed, finding
appropriate sites, and then inviting private development on
those sites. Others -- e.g., Georgia and Florida -- are
siting state-owned facilities. The state-owned facility
enables the state to assure prospective industry that it
will have adequate TSD capacity. It also enables the state
to exclude out-of-state waste from its facility if it
chooses. Such exclusion might, however, lead to
suboptimal TSD arrangements, if other states were to adopt
similar approaches and each state had to meet all its needs
but only its needs.

A few states — notably California — are trying the
"bottom-up" approach. In California, counties have been
told that they must plan for hazardous wastes generated in
their jurisdictions. The plans, which are state-funded,
must identify capacity needs, siting criteria, and general
areas of land that might meet the criteria. Like the

(Footnote Continued)
information has been updated where possible but may not be
completely current in all instances.

Although barriers such as differential fees and caps
on imported wastes can be imposed by states to control the
flow of wastes into their jurisdictions, states cannot
absolutely prohibit waste importation to privately owned
commercial facilities without running afoul of the U.S.
Constitution's commerce clause, as judicially interpreted.
According to current case law, however, it appears that if
a state operates its own facility it may be able to exclude
out-of-state waste from that facility (but not others),
since it is acting as a market participant rather than a
regulator.
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state-owned facility approach, the California approach, on
a smaller scale, can help both to assure capacity and to
satisfy equity concerns but could lead to an unnecessary
duplication of facilities and to market constraints on the
development of new technologies for managing hazardous
wastes.

(2) Who approves a facility siting? -- state vs. local
control.

Because of the need for hazardous waste facilities and
the prospect of local opposition, many states have the
final say over whether a facility will be accepted. Most
states do this by preempting local authority. A few do it
by allowing the local government to make the initial
decision while reserving override powers to the state. At
the other end of the spectrum, a few states — e.g.,
Colorado, Nebraska, and Tennessee — have a state
permitting process but allow their local governments to
retain complete authority to reject hazardous waste
facilities.

Compromises between state and local control are
possible. For example, in Illinois the local government
retains veto power but must base its decision on criteria
detailed in the state's siting law. Otherwise, the
decision can be overturned by the state Pollution Control
Board. And in Kentucky, local governments have the power
to reject only land disposal facilities and incinerators.

(3) Within state government, who should decide what,
and when should they decide?

Almost invariably, the decision to issue a permit for
a TSD facility is made be a state agency, but states vary
as to who makes the final siting decision. In a few
states it is the governor or an existing state agency, but
in most it is a board composed primarily of private
citizens representing different interests. These boards
(which may be called commissions or authorities) often
include representatives of the proposed host community and
may include state agency representatives. In most states
the boards are permanent, but in a few they are ad hoc.
Most deal only with hazardous waste, but some deal with
other environmental issues as well.

Siting and permitting can be difficult to orchestrate.
On the one hand, if the state agency gives tentative
approval to a facility permit before the siting board has
approved the site, the prospective host comriunity may see
the tentative permit as biasing the board in favor of the
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developer. On the other hand, if the state agency does not
make a preliminary determination of compliance with state
regulations, the siting board may be seen as endorsing a
still-questionable project.

Most states have tried to resolve this Catch-22 by
giving immediate notice of a proposed project to all
affected parties, by making early, preliminary
determinations of the project's technical soundness, and by
holding off on any permits until a final siting decision is
reached. Tennessee, with its requirement that the local
government must approve the facility before the state can
issue permits, has adopted this general structure.

Some states are trying an integrated approach to
permitting and siting. For example, in New York the state
permitting agency and the state ad hoc siting board conduct
a joint adjudicatory hearing on all permits required for a
project, including the siting permit. In Ohio a project's
permitting review precedes its siting review but the final
permit is issued jointly by the siting board and the Ohio
Environmental Protection Agency. And in New Hampshire a
single agency, the Office of Waste Management, issues a
single permit, called a Site Certificate.

(4) Who should participate in the siting process? On
what issues? At what points?

"Public participation" has come to rank with
motherhood and apple pie, but it has a darker side. Is it
an insidious form of cooptation? If it does not coopt,
will it encourage opposition by providing a soapbox for
dissent? But even if it builds dissent rather than
consensus, should public participation be encouraged to
ensure that all opinions are heard and that opposition is
voiced early (rather than later, in court)? These issues
are addressed, directly or by default, in any siting
process.

All state siting laws provide for public hearings and
comment periods. But these formal means of public
participation, while necessary, are often not sufficient.
Increasingly, states have added other means. For example,
Tennessee's Hazardous Waste Communication Workshop has
recommended a number of ways that public participation and
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communication on hazardous waste could be improved. Chief
among these are the recommendations (i) that a Governors
Roundtable of Hazardous and Solid Waste be established;
(ii) that Tennessee's hazardous waste permitting process
incorporate neutrally facilitated scoping meetings at the
beginning of the state's decision process on any hazardous
waste facility permit; (iii) that a Superfund Public
Involvement Task Force be created to recommend policies on
community relations at state Superfund sites; and (iv) that
a clearinghouse for speakers on hazardous waste management
be established within the Tennessee Department of Health
and Environment.

(5) What should the host community get, and how should
arrangements with them be made?

Economic benefits, impact mitigation and compensation,
special incentives, local control measures . . . some or
all of these can be used to encourage local acceptance of a
TSD facility. They are discussed in the section below.

RELATIONSHIPS WITH LOCAL GOVERNMENTS

Even if local governments do not have formal veto
power over hazardous waste facilities, they may have a de
facto veto. If their opposition is widespread and vocal,
they may be able to stop or delay the facility through
political pressure or a long court battle. It thus makes
sense to look for willing communities, whether or not
willingness is required by law.

Willingness can be enhanced by the following: (i) by
giving the community the resources to independently monitor
the facility and to recommend emergency closures; (ii) by
making explicit who will be liable if something does go
wrong; (iii) by guaranteeing that unwanted impacts of the
facility (e.g., on property values, roads, and other public

Report of the Hazardous Waste Communication Workshop
(Knoxville: Waste Management Research and Education
Institute, University of Tennessee, November 1987).

Q

This role is being filled by the Special Legislative
Committee on Hazardous Waste established in 1987, Their
mandate was expanded recently to include solid waste as
well.
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services) will be mitigated or compensated; (iv) by
guaranteeing that, insofar as possible, desirable economic
impacts of the facility will go to the community through
local hiring and procurement policies; and (v) by providing
additional economic incentives. The latter may be monetary
incentives (e.g., a flat annual amount or a percentage of
the gross receipts, to be used by the community as it sees
fit), or nonmonetary incentives (e.g., by providing
unrelated benefits such as a new community park).

But in looking for willing communities and offering
them benefit packages, many questions remain. These
include:

1. Seeking a willing community: Should willingness or
technical suitability be considered first? Who should look
for interested communities --a state agency? an
independent commission? the developer?

2. Proposing a benefit package: How important are local
control measures to community acceptance? What are their
pros and cons? Should the benefit package be spelled out
up-front? What should it contain? Who should define it?
What roles can and should the legislature and statewide
advisory committees play?

3. Defining affected communities: What constitutes the
host community? Who should negotiate on its behalf? Since
complete local consensus about the facility is unlikely,
how should "willingness" be determined? Should the
willingness of nearby affected communities (abutting or
otherwise) be determined as well? Should they be included
in the benefit package and in other negotiations concerning
the facility? To what extent?

4. Conducting negotiations: Should negotiations be
conducted simultaneously with several communities, or
should a decision first be made about a perferred site?
Should the proposed host community be identified but the
site itself be a subject for negotiation? Should the state
or the developer take the lead in the negotiations? Do
negotiated packages work better than predetermined
packages?

9
Similar issues arise in siting low-level radioactive

waste disposal facilities. For a discussion of these, see
Mary R. English, "Siting a Low-Level Waste Facility: The
Pros and Cons of Volunteerism and Incentives," in Waste
Management '88 Proceedings (forthcoming).
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The answers to these questions can mean the success or
failure of the siting. In answering them, it is important
to recognize that incentives may be rejected as a bribe for
taking a marginally suitable site if the community doubts
the adequacy of safety assurances, local control measures,
and liability provisions. It is also important to
recognize that local concern and power to block a facility
do not always stop at the edge of town, and that nearby
affected communities need to be brought into the siting
process.

TOWARD A TENNESSEE SITING PROCESS

In Tennessee, especially in non-metropolitan areas,
local governments are strong on autonomy but weak on
expertise. Tennessee has a tradition -- often healthy —
of local independence and skepticism. But many
municipalities and counties in Tennessee lack the ability
to make independent assessments of complex technical issues
such as those involved with hazardous waste facilities. To
rectify this, two things are needed:

(i) Measures to promote local competence to assess sites
and developers and to negotiate. These might include
information from the state on the proposed facility and the
developer, one-time grants from the state or developer for
local independent review of the project, neutral mediators
for the negotiations, and continuing grants for facility
monitoring.

(ii) Clear technical guidelines for evaluating a site.
These should be developed by the state, with assistance to
local governments available from the state to interpret how
they would apply in particular circumstances.

Even if the community can assess a proposed facility,
they will first want to know, "Is this really needed?" The
developer cannot answer that question. Only the state can.
To respond effectively to the question, several things are
required:

(i) A program to ensure that hazardous wastes generated in
the state are minimized.

In March 1988, Tennessee enacted a law establishing
(Footnote Continued)
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(ii) A clear understanding of Tennessee's responsibilities
to the Southeast region and other states, to show that
Tennessee is taking a fair (but no more than a fair)
portion of the total hazardous waste burden.

(iii) A hazardous waste management plan for.Tennessee,
identifying the types of facilities needed.

These measures will not guarantee local acceptance.
They simply will help to meet concerns that result in
public opposition. Only after these concerns have been met
should appropriate benefit packages be considered, to
improve the likelihood of local acceptance.

In addition, the state should be aware that extended
uncertainty can heighten opposition. Thus, protracted
screening and site selection processes should be avoided.

But these recommendations lay only part of the
conceptual groundwork for a Tennessee siting process. Much
remains to be considered. Particularly crucial are these
questions: (i) Who should develop the facility -- the
public sector or the private sector? (ii) What should be
the role of the state in finding a site — screening?
actual site selection? Or should the state role be
restricted to planning? (iii) Should a local veto be
final, or can it be overridden, and on what grounds?

These questions cannot be answered in isolation. A
siting process is a public policy issue and must be
developed through a political process.

(Footnote Continued)
technical assistance grants to help them reduce their
hazardous wastes.

To comply with the SARA requirement, Tennessee will
develop a capacity assurance plan that will identify
categories of waste treatment needed. Through any
interstate agreements that accompany the plan, Tennessee's
responsibilities relative to other states may also be
clarified. The plan will not, however, necessarily list
the numbers and types of TSD facilities needed in
Tennessee.
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ABSTRACT

The requirements for management and remediation at sites where
hazardous, radioactive, and mixed wastes have been handled are
governed by numerous regulations. In order to satisfy the
programmatic requirements instituted by environmental regula-
tions, as well as be responsive to public concerns, one must
structure the waste management program for these sites in an
organized manner. This requires that the management program be
presented clearly and accurately, integrating accepted scientific
findings with the current regulatory requirements and public
concerns to obtain acceptance. This paper addresses the role of
performance assessment in establishing a framework to respond to
an uncertain regulatory environment. Performance assessment can
be used to address three fundamental questions, namely: 1) What
can go wrong? (source); 2) What is the likelihood of this event?
(release) ; and 3) What are the consequences? (pathways,
receptor). The paper concludes with an example of how perform-
ance assessment can be applied throughout the life cycle of a
low-level radioactive waste disposal facility.
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INTRODUCTION

Sites at which hazardous, radioactive, or mixed waste are or have
been handled are governed by numerous regulations. In order to
satisfy the programmatic requirements instituted by the regula-
tion, as well as to be responsive to public concerns, the waste
management program for these sites must be organized and conduct-
ed in a manner that assures compliance with the performance
objectives. The methods and protocols used to demonstrate that
the sites do and will continue to comply with the performance
objectives is referred to as a performance assessment. The
recent draft DOE Order 5820.2A requires that a performance as-
sessment be conducted for all sites used at DOE facilities for
the management of radioactive wastes. Also the license
application for a commercial low-level waste disposal facility
must be accompanied by a Safety Analysis Report, an Environmental
Impact Assessment, and assessments which demonstrate that the
performance objectives will be met. The principal drivers for
these assessments, therefore, are the regulatory performance
objectives.

Essentially, a performance assessment addresses three fundamental
questions:

o What can go wrong?

o What is the likelihood of this event?

o What are the consequences?

The remainder of the paper addresses these questions as they
relate to low-level radioactive waste disposal and illustrates
how performance assessment is used to develop answers that
satisfy the needs of the operator, the regulator, and the general
public.

WHAT CAN GO WRONG? - THE SCENARIO

The basic questions of what can go wrong at a low-level radioac-
tive waste disposal facility to cause unacceptable radiation
exposures are covered by the performance objectives of Subpart C,
20 CFR Part 61. They can be restated as:
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1. Release of radionuclides into the unrestricted environ-
ment resulting in exposure of members of the public -
Radionuclides may be released into the unrestricted
environment from waste management facilities, leading
to exposed members of the general public due to:

- planned releases during normal operations
- fugitive emission during normal operation

spills and accidents

2. Radiation exposure to the workers at the facility -
Workers at the facility can be exposed to external
radiation and to intake of radionuclides due to spills
and accidents.

3. Radiation exposure of an inadvertent intruder following
the active institutional control periods - After the
period of institutional control, a member of the
general public may inadvertently come into contact with
the residual waste due to drilling, construction,
agriculture, or other activities conducted on the site.

4. Instability of the site after closure - After the
period of active facility operation, the site may
degrade in its ability to contain or isolate the
residual radioactive wastes. This degradation could
result in either an increased potential for release of
radioactive materials to the environment or an increase
in the probability or consequences of inadvertent
intrusion into the waste. Degradation of site
stability may occur due to continued environmental
processes, such as erosion or subsidence or due to
drastic, catastrophic events, such as earthquakes, or
sudden mass wasting.

WHAT IS THE LIKELIHOOD THAT SUCH AN EVENT
WILL OCCUR? - (SOURCE/RELEASE)

There are two important aspects of the malfunction of a facility
- namely, the probability of the occurrence and the level of
associated releases, if any. It is easy to speculate what can go
wrong at a facility, but it is more difficult to project the
likelihood that an event will occur, particularly if the event is
rare. The probability of occurrence can range from routine
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(i.e., the event occurs continuously or periodically) to oc-
casional, to rarely. For example, planned releases may occur
continuously or periodically - daily, weekly, monthly, or with
some other frequency. Small spills may occur so frequently that
they can be considered routine events, particularly at large
industrial complexes. Larger spills or accidents may occur very
rarely, or even not at all during the lifetime of a facility.
However, it may still be necessary, or at least advisable, to
evaluate the consequences should such an event occur.

There is very little experience related to the probability of
occurrence of non-routine events for most of the technologies now
being considered for disposal of low-level radioactive waste or
for remediation of sites previously used. Further, the predic-
tion of the stability of either man-made structures or
environmental features requires numerous assumptions regarding
system behavior over long periods of time.

For man-made structures, the estimation of the likelihood that an
untoward event will occur is usually based on a failure rate of
structural components which is in turn based on related ex-
perience in similar structures or on the results of accelerated
testing. Similarly, changes in environmental integrity are
usually based on the continued adverse action of chronic environ-
mental processes, such as migration of groundwater, erosion, or
weathering, or on the acute adverse action of drastic events such
as severe weather conditions (e.g., tornadoes, floods, drought)
or tectonic events (e.g., earthquakes, mass wasting, etc.).

WHAT ARE THE CONSEQUENCES? - PATHWAYS ANALYSIS

An evaluation of the consequences of an event is the aspect of
risk assessment or performance assessment that is most readily
recognized and which is the most fully developed. This is the
segment of the assessment that deals with the migration pathways,
exposure modes, and impacts on the receptor.

The consequences are related to the number of receptors (ordi-
narily, people) who are exposed to different concentrations of
contaminants through a combination of pathways. Exposures to
radiation or to radionuclides can be converted to radiation doses
and thence to an estimate of health impacts.
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APPLICATION OF PERFORMANCE ASSESSMENT

Performance assessment is an important tool in the planning,
development, and regulatory oversight of a waste disposal
facility. The various stages in the life-cycle of a low-level
radionuclide waste disposal are shown in Figure 1. Performance
assessment plays a role in each of these stages, but the role it
plays and the techniques applied change significantly as the life
cycle proceeds.

Regulatory Framework - The regulatory authorities, both federal
and state, must develop regulations which are technically sound
and which provide an adequate margin of safety for protecting
public health and environmental quality. It is now common
practice to develop risk based performance objectives and to use
performance assessment as a tool for establishing and justifying
them.

Site and Method Selection - Roy F. Weston, Inc. (WESTON) has
developed protocols for selecting sites and disposal methods
which establish exclusionary criteria and screening criteria to
successively narrow the range of options until the most favorable
sites and methods are identified. These exclusionary and screen-
ing criteria can be considered as "proxies" used in lieu of a
more formal performance assessment. They are usually established
by experts in the various technical areas of interest, and they
are generally based on a considered judgement of their importance
in affecting the probable performance of the facility.

License/Permit Application - In order to obtain permission to
operate a facility, the developer must demonstrate that the
facility will meet the regulatory performance objectives. For a
licensed site this requires a formal performance assessment which
is rigorously reviewed by the regulator. The purpose of such a
performance assessment is to convince the regulatory authority
that a thorough examination of the likely performance of the
facility has been made and that it will perform as expected.
WESTON is assisting the New York Low-Level Waste Siting
Commission in preparing a site and method certification package
that meets the requirements of NUREG-1199.

Site Operations - As the site is operated, the performance
assessment gradually changes from being a predictive tool to one
of evaluating actual site performance. The performance assess-
ment uses data from performance, effluent, and environmental
monitoring to determine if the site is in compliance with the
performance objectives. If not, corrective actions are
necessary.
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After Site Closure - By the end of the operating lifetime of the
facility, it should be possible to predict with some confidence
the behavior of the site following site closure and to establish
the protocols for continued maintenance and monitoring.
Performance assessment can be used to determine when it is
possible to terminate the maintenance and monitoring activities
without jeopardizing public health and environmental quality.

If the site fails to meet the performance objectives at any time
prior to termination of site control, it will be necessary to
take appropriate remedial action. WESTON is assisting the Los
Alamos National Laboratory in determining the remedial actions
required at sites operated under DOE'S military applications
program.

SUMMARY

Performance assessment is an important tool in risk management
throughout the life cycle of a waste disposal facility. The
basic application is to demonstrate the projected and continued
compliance with specified performance objectives. In practice,
this is accomplished by translation of the performance objectives
into parameters which can be directly measured to assess
compliance.

To meet its purpose, the performance assessment should be:

o Reasonable - the scenarios, models, and input
parameters should be realistic and defensible.

o Conservative - the assessment should be realistic but
should not underestimate the potential levels of use.

o Comprehensive - all likely scenarios, releases, and
exposure pathways should be considered.

Performance assessment is a useful tool, but it has some important
limitations. Models are only a simplified representation of
actual processes so that there may be significant uncertainties
introduced into the process by the selection of scenarios models,
use of input parameters, and translation of exposures into health
impacts. In presenting the results of a performance assessment,
all of the assumptions, uncertainties, and limitations should be
carefully stated.
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