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1. INTRODUCTION

Research on and development of civilian and defense uses of nuclear
materials and technologies have occurred at Oak Ridge National
Laboratory (ORNL) since its creation as part of the World War II
Manhattan Project in 1943. After 45 years, a diverse legacy of con-
taminated inactive facilities, research areas, and waste management
areas exists; many are candidates for remedial action (Table 1). Most
attention is focused on waste management sites, which contain the bulk
of ORNL's environmental contamination. A wide variety of liquid and
solid wastes, primarily radioactive wastes or mixed wastesa in which
radioactivity was the principal hazardous constituent, that were gener-
ated at ORNL or received from other sites have been disposed of on-site
in the past 45 years. The major ORNL sources of wastes (and surplus
facilities) were: radioisotope production; experimental reactors; hot
cells and pilot plants (chemical separations or fuel reprocessing);
research laboratories (physical, chemical, and biological); accelerat-
ors; and analytical laboratories. Solid wastes from other sites contri-
buted a large fraction of both the material and the radioactivity buried
in solid waste storage areas (SWSA) during the period from 1955 to 1963
in which ORNL served as the Southern Regional Burial Ground of the
Atomic Energy Commission (AEC) (The Management of Radioactive Waste at
the Oak Ridge National Laboratory: A TECHNICAL REVIEW. National Academy
of Sciences, 1985).

Wartime waste management practices were crude by current standards and
were conditioned by the urgency of the Manhattan Project, the projected
temporary nature of the ORNL role, and the lack of experience in dealing
with the wastes generated. Later, waste management was limited by the
unpredictability of the federal budget process and the gradually evolv-
ing knowledge of the behavior of ORNL's wastes in the unique natural
setting into which they were emplaced or released. Thus, it is not
surprising that a legacy of environmental contamination exists at ORNL
or that information on waste inventories at individual sites is often
incomplete or fragmentary. For example, a number of sites are known (or
suspected) to contain buried transuranic (TRU) wastes; however, burial
locations in the large (2.8-14 ha) SWSAs are highly uncertain. Site
radionuclide inventories appear to be dominated by fission products
(9^Sr and l^Cs) f tritium, and activation products (e.g.,^^Co) rather
than by the transuranics (or uranium). This knowledge has major implica-
tions for developing site stabilization strategies.

aMixed wastes contain radioactive materials regulated under the
Atomic Energy Act administered by the Department of Energy and hazardous
chemicals regulated under the Resource Conservation and Recovery Act
administered by the Environmental Protection Agency.
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Table 1. Potential ORNL remedial action sites

Category Number

1. Solid waste storage areas 8
2. Low-level waste seepage pits and trenches 8
3. Process ponds 14
4. White Oak Creek watershed 2
5. Low-level waste lines and leak sites 35
6. Environmental research areas 37
7. Hazardous waste sites 5
8. Radioisotope processing facilities 12
9. Experimental reactor facilities 7

10. Radioactive waste facilities 17a

11. Research laboratories 7
12. Inactive hydrofracture injection sites 4
13. Other contaminated sites 8

Total 164

aIncludes 33 underground low-level waste storage tanks,
located at 11 sites.



In retrospect, there appear to be serious limitations on the ability of
technology--perhaps not fully appreciated until recently--to overcome
the unfavorable environmental conditions (high seasonal rainfall,
shallow groundwater table, elevated levels of calcium and magnesium in
water, complex hydrogeology) of the ORNL site for waste management.
While local soil minerals have excellent sorptive properties for some
radionuclides, such as ^'Cs, these unfavorable conditions, as well as
those of some past waste disposal practices, aggravate the management of
important waste contaminants, such as -*H and ^"Sr, in the ORNL environ-
ment. Fortunately, despite such handicaps, activities at ORNL do not
appear to have resulted in significant exposures of the off-site public
to waste materials.

Through a 1984 federal court decision, the U. S. Department of Energy
(DOE) and ORNL became subject to legislation administered by the U.S.
Environmental Protection Agency (EPA) which requires early remedial
attention for past environmental contamination (see Sect. 2). The ORNL
Remedial Action Program (RAP) represents a comprehensive effort to meet
these new regulatory requirements and ensure adequate protection of
on-site workers, the public, and the environment by providing appropriate
corrective measures at more than 100 contaminated sites (Table 1). A
structured path of site characterization, maintenance and surveillance,
interim corrective action, alternatives assessment (AA), technology
development, engineering design, and eventual site closure or
decommissioning is required (see Sect. 3). Because of the magnitude and
scope of the RAP funding, support is being provided from a number of
sources within DOE: Environmental Compliance Program in the Office of
Energy Research; Surplus Facilities Management Program in the Office of
Nuclear Energy; and the Defense Decontamination and Decommissioning,
Environmental Restoration, Interim Waste Operations, and TRU Waste
Programs, respectively, in the Office of Defense Programs.

The ultimate objective of closure or decommissioning is long-term con-
tainment of contaminants by bringing each site to a stabilized state,
requiring only periodic monitoring and minimal maintenance for a limited
period to ensure proper performance in protecting human health and the
environment. Most realizable stabilization options for ORNL sites leave
contaminants in situ isolated by physical or chemical, but more typi-
cally, hydrologic measures. The very low risks to off-site residents
posed by current releases from ORNL sites, the need to balance these
risks against those to workers implementing remedial actions, and the
current estimates of the cost differentials for various options all
strongly favor in situ stabilization (i.e., waste isolation in place)
over removal and external disposal. However, since in situ stabiliza-
tion is likely to be effective for a limited period, permanent closure
of sites containing TRU or uranium wastes cannot be assured at the
existing state-of-the art.

One potential approach to such problems at ORNL is to design primarily
for control and decay in situ (during an institutional control period



of 100 years or more) of intermediate-lived wastes such as JH, 7USr, and
1-^Cs. Passive measures designed to provide greater long-term confinement
(for example, in situ vitrification) could be exercised at sites con-
taminated with TRU wastes or high concentrations of hazardous constitu-
ents. This approach would (a) provide a period sufficiently long for
evaluation of the effectiveness of environmental processes and passive
remedial measures in controlling the migration of long-lived materials,
(b) allow additional time needed for development of new technologies for
more permanent site stabilization, and"(c) reduce the need for immediate
implementation of the more-expensive exhumation and disposal option.
Funding of remedial actions thus has to reflect the need for a phased
approach: initial implementation, monitoring, maintenance, performance
reviews, and system modification, as appropriate. Future technology
advancements will depend in large part on the ability to recognize the
limitations of existing stabilization techniques.

The objective of this article is to describe the development of the RAP
through its preliminary characterization and regulatory interface
activities (see Sect. 2), outline the approach to implementation of a
comprehensive remedial action effort (see Sect. 3), and provide a report
of progress toward achieving that goal (see Sect. 4).

PERSPECTIVE

The RAP is being implemented during a period of unprecedented change in
the national policy toward waste management. The ongoing attempt by
Congress to define and by federal and state agencies to implement that
policy has resulted in an evolving regulatory picture within which major
issues remain unresolved. Although the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA), Resource Conserva-
tion and Recovery Act of 1979 (RCRA), Superfund Amendments and Reauthor-
ization Act of 1986 (SARA), and Toxic Substances Control Act of 1976
(TSCA) provide the principal legal stimuli for undertaking corrective
measures, it is the environmental and human health protection standards
derived from the Atomic Energy Act (AEA), Clean Air Act of 1970 (CAA),
Clean Water Act of 1977 (CWA), and Safe Drinking Water Act (SDWA) which
primarily determine the rigor of the response required to protect human
health and the environment. For major federal environmental actions,
the National Environmental Policy Act (NEPA) also defines the process by
which decisions are made and implemented, but its applicability to RCRA
and CERCLA remedial actions is unclear as is the current status of
CERCLA-SARA at ORNL.

In order to develop a program for dealing with ORNL's remedial action
sites, it is necessary to interpret a wide variety of evolving federal
and state regulations (as well as guidance documents and DOE Orders),
designed to implement the individual laws (Table 2).



Table 2. Major regulatory impacts on the
Remedial Action Program

Regulatory authority

Programmatic effects

CERCLA-SARA (Superfund)

Requires actions to identify preliminary assessment/site inspection
(PA/SI), evaluate remedial investigations/feasibility study
(RI/FS), and effect remedial measures at inactive sites
contaminated with radionuclides or hazardous chemicals; first phase
initiated in 1985, but in 1986 the Environmental Protection Agency
(EPA) instead elected to enforce Resource Conservation and Recovery
Act (RCRA) corrective action requirements when Oak Ridge National
Laboratory (ORNL) applied for a permit for a new hazardous waste
facility; EPA now plans to place the DOE Oak Ridge Reservation on
the Superfund National Priorities List--potentially superimposing
Comprehensive, Environmental Response, Compensation, and Liability
Act (CERCLA)-Superfund Amendments and Reauthorization Act (SARA)
requirements on existing RCRA requirements for ORNL's Remedial
Action Program (RAP).

RCRA corrective action requirements: Sects. 3004(u.v)

Corrective action to protect human health and the environment for
all releases of hazardous waste from any solid waste management
unit, regardless of the time when waste was placed in the unit,
including migration beyond the facility boundary (e.g., the Clinch
River). Comprehensive (7-y) RI/FS planned for ORNL, requiring
major support subcontractor, oriented toward waste area groupings
(WAG) rather than individual sites; RCRA Facility Assessment,
comparable to PA/SI under CERCLA-SARA, in 1987 to define need for
remedial investigations (RI); RIs for 13 WAGs, followed by interim
corrective measures and assessments of major remedial alternatives
for units within WAGs; ultimate objective: integrative, ORNL-wide
feasibility study (FS) by 1993-1994, functionally equivalent to a
NEPA environmental impact statement to cover final remediation.

RCRA interim-status standards

Seven impoundments originally subject to closure in late 1988--
pressure to divert program funds and meet tight schedules; sediment
tests and input records used to justify change in RCRA status.
SWSA 5, only remaining solid waste disposal site at ORNL, must be
closed starting in November 1988; records show mixed wastes were
emplaced after 1980 resulting in change in regulatory status; RI
and closure plans revised in 1988: integrated program of interim



Table 2 (continued)

Regulatory Authority

Programmatic effects

RCRA interim-status standards (continued)

corrective actions, RI, and technology demonstrations leading to
final closure in 1992. Thirty-three underground low-level radio-
active waste (LLW) tanks are potentially subject to closure by
mid-1992, several perhaps as early as 1989; some tanks have high
inventories of radioactivity, including transuranic wastes;
potential for high radiation exposures to workers and major
diversion of funds from other necessary activities (e.g., RI/FS)

National Environmental Policy Act

Requires that all environmental impacts and irretrievable commit-
ments of resources from major federal environmental actions be
evaluated prior to taking actions; applicability of National
Environmental Policy Act (NEPA) in the RCRA and CERCLA-SARA arena,
as well as the means for integrating procedural requirements and
documentation, is currently unresolved.

Safe Drinking Water Act: Underground Injection Control

Reevaluation of ORNL hydrofracture process led to cessation of
operations and inclusion in the RAP; plugging and abandonment plans
developed for injection wells and surrounding monitoring wells;
corrective action for contaminant migration would also be required
under RCRA Sect. 3004(u).

Clean Water Act (ORNL NPDES Permit)

Renewal of the 1986 permit led to significant 5-year commitment of
resources for the Biological Monitoring and Abatement Program;
program results will influence future level of remedial actions.

Toxic Substances Control Act: PCB Regulations

Requirements and results of environmental audit led to the decision
to dispose of or recycle surplus polychlorinated biphenyl
(PCB)-contaminated equipment in ORNL facilities at Y-12 in
1986-1987.



Initially, the RAP strategy was based on the DOE Orders covering surplus
facilities management, CERCLA, and NEPA because RCRA was believed to
apply to a limited number of sites. In 1986, the EPA, expressing con-
cern about the time required to implement the DOE Orders, elected to
enforce principal regulatory requirements for remedial actions through
its RCRA authority rather than its CERCLA authority (Table 2). Addi-
tional RCRA requirements covering SWSA 6 and 33 underground waste
storage tanks and SDWA requirements applicable to the hydrofracture
sites were also added in 1986 (Table 2). Ironically, it now appears
that CERCLA-SARA requirements will be superimposed on the existing RCRA
requirements by EPA's decision to place the entire DOE Oak Ridge
Reservation (including off-site contaminated areas) on the National
Priorities List for Superfund.

Proposed enforcement of the RCRA Sect. 3004(u) provisions involves a
series of steps similar to those required by the CERCLA-SARA (Table 2).
These steps provide the basis for determining the extent of contamin-
ation problems and the scope of needed corrective actions. This process
begins with the identification of sites with demonstrated or potential
releases through a RCRA Facility Assessment (RFA) (Table 2). The
requirements of Sect. 3004(v), which apply to off-site releases, are the
joint responsibility of all three DOE facilities (ORNL, the Y-12 Plant,
and the Oak Ridge Gaseous Diffusion Plant) on the Oak Ridge Reservation,
and will be the subject of an additional remedial investigations/feasi-
bility study (RI/FS) project as well as an environmental impact assess-
ment under NEPA.

Because of the large number of sites to be considered and the hydrogeo-
logic complexity of the ORNL area, it became apparent that treating
sites individually in the new regulatory framework would result in an
unmanageable situation. Thus, the strategy is now oriented toward WAGs
(Fig. 1). The WAGs are generally defined by watersheds that contain
contiguous and similar remedial action sites. Under the WAG concept,
ORNL sites can be placed within 20 such groupings each representing
distinct small drainage areas within which similar contaminants were in-
troduced. (One obvious exception is WAG 10 which contains the under-
ground injection wells and grout sheets from hydrofracture operations;
however, these sites are unique and are located within the same hydro-
geologic setting.) In some cases, there has been hydrologic interaction
among the sites within a WAG making individual sites hydrologically
inseparable. The use of groupings provides perimeter monitoring of both
groundwater and surface water and the development of a response that is
protective of human health and environment in an appropriate time period.
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Sampling of groundwater wells at the "hydraulically downgradient peri-
meter" of a WAG, one of the first steps in remedial investigations (RI),
can ascertain whether significant releases are occurring. The timing
for the RI/FS sequence is not defined in regulations and is still being
negotiated with EPA and Tennessee State regulatory authorities.

3. APPROACH

The influences on the strategy described in Sects. 1 and 2 have resulted
in the establishment of a phased RAP (Fig. 2). The first steps are
establishment of a regulatory-approved inventory of sites (and WAGs) to
be evaluated in preparation for future remedial actions and preliminary
characterization of site conditions including development of a compre-
hensive RCRA groundwater monitoring program. Interim control over these
sites will be provided through maintenance, surveillance, and corrective
actions to ensure adequate protection of human health and the environ-
ment until final site disposition has been achieved. For each site in
the RAP inventory, a detailed characterization and assessment of site
conditions and the potential for environmental and health impacts (Fig. 3)
will then be performed through the RI/FS process. This process will
include an evaluation of alternatives for accomplishing any corrective
actions needed. These alternatives (for decommissioning or closure) will
be screened for their applicability to ORNL environmental and waste man-
agement conditions; and field-scale technology demonstrations will be
performed, where necessary, prior to full-scale implementation. Finally
site decommissioning or closure will be carried out, according to priori-
ties approved by regulatory authorities, to provide long-term management of
residual contaminants.

Operationally, the RAP is being carried out through six major phases:

1. Preliminary Assessment and Site Investigation (PA/SI),
2. Maintenance and Surveillance (M&S),
3. Remedial Investigations and Feasibility Study (RI/FS),
4. Technology Demonstrations,
5. Site Decommissioning or Closure, and
6. Remedial Action Program Support.

These six phases are described in the following sections.

3.1 PRELIMINARY ASSESSMENT AND SITE INVESTIGATION

Preliminary characterization studies are ongoing, including literature
reviews on site characteristics and contaminant releases as well as
preliminary environmental surveys, to supplement existing information.
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The RFA was submitted to regulatory authorities in April 1987 and will
be followed by addenda containing supplemental information as needed
(e.g., August 1987). A related activity involves providing technical
support for limited follow-up investigations and interfaces with the
RI/FS subcontractor team. Other major objectives include completion of
the basic groundwater monitoring network for principal WAGs by FY 1990,
development of site performance models to assess effectiveness of
remedial actions, and initial site characterization in selected WAGs in
support of the RI/FS. Studies of groundwater contamination associated
with a variety of sources in ORNL's main plant area are also ongoing.
Comprehensive, longer-tern biological monitoring on the White Oak Creek
system and ORNL-scale geohydrologic studies are also being carried out.

3.2 MAINTENANCE AND SURVEILLANCE

Routine maintenance and surveillance will be provided to ensure contain-
ment of residual contaminated materials at all sites. This will be
performed until final decommissioning or closure is undertaken. Flans
for directing and documenting the necessary activities, reflecting the
differing needs of the wide variety of ORNL sites, have been prepared
and will be updated periodically. Criteria for acceptance of new RAP
sites (e.g., facilities which become surplus in the future or new
sources of contamination identified during the RI/FS) are also being
developed. Major repairs or corrective action will also be undertaken,
as needed, to keep sites in a safely contained state, requiring only
routine maintenance and surveillance.

3.3 REMEDIAL INVESTIGATIONS AND FEASIBILITY STUDY

The largest single activity currently is the implementation of the
comprehensive RI/FS Program, initiated in 1986 under regulatory require-
ments described in Sect. 2. A project of this magnitude required a
major support subcontractor team guided by ORNL technical staff and the
data base from preliminary site characterization. The subcontractor
selection and award process was completed in 1987. RIs will be carried
out by WAG based on regulatory-approved priorities and schedules.
Detailed AAs will be prepared for each WAG following the RIs, and any
interim corrective actions needed to protect human health and the
environment at specific sites within that WAG will be identified for
early implementation. The AAs will be integrated into a single FS for
ORNL in 1993 (current plans), providing a comprehensive assessment of
the need, extent, priority, and timing for future remedial actions
(i.e., the functional equivalent of an environmental impact statement in
order to comply with both EPA regulations and the NEPA).
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3.4 TECHNOLOGY DEMONSTRATIONS

The objective is to provide coordinated demonstrations and evaluations
of remedial action technologies on a schedule compatible with future
decommissioning, closure, or corrective action needs. Technological
alternatives will first be screened for general applicability to ORNL
environmental and waste management conditions. Field-scale technology
demonstrations will then be performed, where necessary, at specific
sites prior to full-scale implementation. A companion effort will
involve comprehensive evaluations of performance both for new demon-
strations and for past corrective actions undertaken at several sites.

3.5 SITE DECOMMISSIONING OR CLOSURE

The ultimate objective is long-term containment of residual contaminants
through corrective action, bringing each site to a permanently stabi-
lized state requiring only minimal monitoring and maintenance. Decom-
missioning or closure will be implemented according to priorities and
schedules negotiated with regulatory authorities. The magnitude of the
effort for long-term management of ORNL sites can only be roughly
approximated because site-characterization information is still quite
preliminary, and current technology limitations make achievement of the
ultimate objective problematic for some sites (e.g., those containing
transuranic wastes). Regulatory requirements under RCRA (described in
Sect. 2) mandate early decommissioning and closure of SWSA 6 and 33
underground low-level waste storage tanks. In addition, P&A of the
hydrofracture injection and observation wells, and groundwater monitor-
ing wells which penetrate the hydrofracture injection zone, is likely to
be under way in response to SDWA regulations prior to completion of the
RI/FS.

Schedules for the remaining sites will be developed during the RI/FS and
submitted for DOE, EPA, and State approval as they become finalized.
Maintaining functional equivalence of the RI/FS process with the NEPA
would seem to require that major actions be carried out after completion
of the entire RI/FS sequence. However, by identifying and carrying out
high-priority, interim corrective actions at appropriate points during
the RI/FS, it is hoped that ORNL can comply with EPA regulations and
still be faithful to the NEPA process.

3.6 REMEDIAL ACTION PROGRAM SUPPORT

Final decommissioning or closure must be performed in a such a manner
that (a) any releases of hazardous materials from ORNL sites are main-
tained within acceptable limits, and (b) the limited resources for
corrective action are optimally apportioned among the many remedial
action sites. In addition to management and data base support for the
overall program, this phase provides the overall RAP strategy through
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integration and synthesis of information from: (1) results of the first
five phases; (2) analyses of institutional, regulatory, and technical
issues; (3) development of site closure criteria; and (4) establishment
of an interface with EPA and Tennessee State regulatory authorities. In
addition, key programmatic documents, including conceptual and long-
range plans, are provided and updated periodically.

4. STATUS

The RAP is moving aggressively towards meeting its goals and defining
solutions for the numerous environmental problems at ORNL. A knowledge
of the existing conditions as well as an understanding of the geohydrology
of the site is a necessary first step toward this objective. A substan-
tial groundwater monitoring well installation program has been in place
since 1987 (see Fig. 4). This program includes the basic installation
as well as development of both piezometer wells and groundwater quality
monitoring wells. Piezometer wells are low-cost exploratory wells
utilized to characterize groundwater flow patterns to allow for proper
siting of the more expensive groundwater quality monitoring wells which
are utilized for regulatory compliance.

Closure of some 33 underground inactive waste storage tanks will require
substantial resources in the near future. During FY 1988, plans have been
developed and are being implemented to conduct a sampling campaign to
further characterize the contents of these tanks for hazardous constit-
uents. Alternatives for closure of these tanks range from removal and
processing of the contents, with subsequent excavation of the tank, to
options for in situ stabilization,of both the tank and its contents.
Depending on results of the current sampling campaign, actual closure
operations associated with these tanks can be anticipated to be initi-
ated no later than 1992 with costs ranging from $50 million to $250
million.

The disposal of lead and scintillation vials in the currently active
burial ground, SWSA 6, has resulted in identification of selected areas
of SWSA 6 which are subject to closure in accordance with the November 8,
1988, statutory deadline as prescribed by the RCRA. Closure of these
portions of SWSA 6 represents a top priority of RAP. The challenge of
conducting closure activities in conjunction with continued radioactive
waste disposals to support ORNL operations has resulted in a unique ap-
proach of interim closure which is currently being negotiated with the
regulating agencies. This approach includes the installation of sub-
stantial areas of 30-mil-thick hypalon (or equivalent) over the design-
ated portions of SWSA 6 accompanied by the necessary riprap drainage
control. This approach provides for a reduction in the risk of continued
releases from SWSA 6 yet allows for continued characterization and the
development of the necessary understanding of the total SWSA 6 area prior
to initiation of substantial remediation activities.
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The RI/FS phase of the RAP is accelerating with completed drafts of all
major project-level documents related to quality assurance, health and
safety, data base management, waste management, etc. and of several
major RI plans, including the one for WAG 1 (the main plant area of
ORNL). The RAP has restructured the overall RI/FS strategy to incorpo-
rate a corrective measures phase to allow for completion of priority
corrective actions during the course of the RI/FS to alleviate concerns
expressed by regulatory agencies regarding the time and level of effort
expended on planning versus actual corrective actions and response.
Major activities are also under way in the demonstration of technology
to support remedial action decisions. In particular, the test area for
remedial actions, located in SWSA 6, will be utilised for a demon-
stration of waste trench stabilization and closure involving dynamic
compaction, in situ grouting, and capping techniques.

During the summer of 1987, a "cold" demonstration of in situ vitrifica-
tion (ISV) was conducted on a 1/3-scale model of an old seepage trench.
ISV is a process for immobilization of hazardous chemical and/or radio-
active waste by melting an area of contaminated soil with an electrical
current to form a leach resistant glass. The demonstration proved that
the process can be successfully applied to ORNL's specific conditions
and is being further evaluated for utilization in the ultimate remedia-
tion of the ORNL pits and trenches areas as well as for closure of
ORNL's inactive was storage tanks.

Challenges for the future management of remedial actions at ORNL are
numerous. Substantial resource commitments will be required on behalf
of DOE over a time period which stretches into the early 21st century.
Figure 5 illustrates some estimated RAP costs for selected phases of the
program as a function of time. The dollars illustrated in this figure
are those estimated for complete compliance with environmental regula-
tions. It is anticipated that this range of funding will not be avail-
able; and that the Laboratory, along with other DOE facilities, will
have extreme difficulty in achieving regulatory compliance. Continual
prioritization of planned activities and negotiations with the regu-
latory agencies will be the cornerstone of the program.
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