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SITE CLOSURE
R. K. Biauvelt
Mound
INTRODUCTION
The session on site closure, or, as I like to call it, site
stabilization and closure, will center on a number of major issues which
have been identified by the contractor community as requiring resolution
before the topic of site stabilization and closure can be laid to rest.
The DOE Ad Hoc Operating Contractors Committee in its meetings has
identified the issue of site stabilization and closure as one of the three
major issues requiring resolution within the DOE community.
In recent times, it also became apparent that site stabilization and
closure is an issue which cuts across the major lead programs within DOE.
That is, it is not specifically a problem for low-level waste disposal
operations, for hazardous waste disposal operations, or for mixed waste
disposal when it becomes a viable option, but is an issue that cuts across
all those programs and, indeed, involves the TRU program as well. This
points out the need for close liaison and coordination between the major
programs, as decisions are made regarding strategies for site stabilization
and closure activities.
Meetings such as this one, at which representatives us from other
programs are present, serve to aid in that coordinating role. A great deal
of technology development activities have been done looking at improved
trench designs, improved caps in the use of barriers, treatment such as
dynamic compaction, and grouting and in situ gratification. We will be
reviewing some of that work in today's session. It appears that what 1s
needed now is a major demonstration project aimed at determining how useful
these technologies are in terms of meeting specific site performance
requirements. Another obvious issue which requires attention 1s some type
of clear meaning to the terms "stabilization and closure," which involves

answering questions in terms of the type of long-term monitoring program
required after stabilization and what type of criteria can be applied such
that closure can be deemed to have taken place. The low-level program in
Idaho has been preparing a guidance document which hopefully will set up
some concensus in terms of a road map that DOE contractors can follow to
assure that their site will be properly and confidently closed. This
guidance will not only take into consideration DOE Order 5820.2, but will
also look at the requirements of CERCLA and RCRA, and how these regulations
might impact on site stabilization and closure activities. Without any
further discussion, let us now begin with the first paper of this session.

GUIDANCE FOR CLOSURE OF EXISTING DOE LLW DISPOSAL SITES
Lisa Blanchfield
EG&G Idaho, Inc.
ABSTRACT
During FY 1986, a closure guidance document was developed. The
purpose of this document is to provide guidance in support of DOE
Order 5820.2 to site operating contractors for the stabilization
and closure of existing low-level waste (LLW) shallow land
disposal sites at U.S. Department of Energy (DOE) facilities.
Guidance is provided to aid operators in placing existing LLW
sites in a closed condition, i.e., a condition in which a
nonoperational site meets postclosure performance requirements
and can be shown, within a high degree of confidence, to perform
as anticipated in the future, under the most cost-effective
maintenance approach. Guidance is based on the philosophy that
closure should be planned and performed using a systems
approach. Plans for FY 1987 call for revision of the document to
incorporate more information on closure of LLW sites also
containing radioactive mixed waste and/or transuranic waste.

INTRODUCTION
Management of radioactive waste is regulated under the authority of
the Atomic Energy Act (AEA).' DOE Order 5820.2, "Radioactive Waste
Management,"^stipulates the requirement for closure of LLW disposal sites
operated for the DOE. Chapter III, Section (f), states:
Field organizations shall develop a site specific comprehensive
closure plan prior to initiation of operations at new or closure
of existing LLW disposal sites/Actions taken toward closure of a facility must provide assurance that
the objective of DOE Order 5820.2 can be met; that is, that "operations...
are conducted to adequately protect the public health and safety, and in
accordance with radiation protection standards specified in DOE Orders."2
Guidelines for interpretation of Chapter III, "Management of Low-Level
Waste," were developed in 1985^under the National Low-Level Radioactive
Waste Management Program (LLWMP). However, more definitive guidance,
specifically for closure of existing LLW disposal sites, was requested
through the Ad Hoc Waste Operating Contractors Committee. A draft guidance
document for closure of existing DOE LLW disposal sites was developed
during 1986 based on needs identified by and input from the Ad Hoc
Committee. The document and guidance provided therein is the subject of
this paper.
PHILOSOPHY
The document is intended to provide guidance on the approach site
operators should take to accomplish closure, rather than provide a specific
"recipe" for closure. It is anticipated that site-specific requirements

for closure will be developed by field organizations in cooperation with
pertinent federal and state regulatory agencies. The document provides a
common set of criteria upon which all DOE sites can base negotiations with
other agencies, while providing necessary latitude to allow site-specific
conditions to be addressed and dealt with in a cost-effective manner. The
document recommends a systems approach to closure and provides supporting
information (summaries or references to pertinent handbooks or other
literature) to help implement the guidance.
The document focuses on closure of sites containing primarily solid
low-level radioactive waste. However, guidance takes into account that
many existing LLW disposal sites may also contain transuranic and/or
radioactive mixed waste, which impacts performance requirements,
performance assessment and prediction, and viable strategies for site
closure.
DOCUMENT CONTENTS
Definitions
Most definitions used in the document were adopted from
DOE Order.5820.2. Definitions for several terms critical to a discussion
of site closure are not included in the DOE Order; definitions were
developed for these terms. For example, the definitions of "closed site,"
"closure," and "stabilization," were not provided 1n DOE Order 5820.2.
Key elements of the proposed "closed site" definition are:
•

Performance, within a high degree of confidence

•

As anticipated according to predetermined criteria

•

Under a cost-effective, long-term, minimum maintenance approach
Organization

Guidance is presented in the draft document based on the logic shown
in Figure 1, Planning and Conducting Stabilization and Closure. Each
section of logic diagram is addressed in a separate section of the guidance
document. A brief summary of the topics addressed in each section is shown
below:
t

Performance Requirements - Types of performance requirements;
guidance for selecting site-specific performance requirements;
factors to be considered in selection of performance requirements

t

Assessment of Site Performance - Selection and implementation of
performance assessment techniques; available models and their
uses and limitations; data requirements for performance assessment

t

Stabilization and Closure Strategies - Developing cost-effective
strategies for stabilization and closure, using a systems approach

•

Stabilization and Closure Plans - Annotated outline of an example
stabilization and closure plan

Determine performance
requirements
• * -

••

Assess applicability of
regulations

-•

Establish specific criteria
and guidance

-•

Determine most restrictive
criterion

Assess and select
stabilization actions
••

— •
-•

Assess site performance
— •
*•
-•

Prepare stabilization and
closure plan

Develop strategy for
evaluating options

Document planned
stabilization action

Determine options

Document basis for
stabilization to meet
performance objectives

Predict performance and
cost of options

Document acceptance
criteria by which
compliance will be
determined

Prepare pathways model
Characterize site and
waste

Document monitoring
program and how data will
support closure
compliance

Predict potential release
and exposure pathways of
concern

Stabilization and
closure operations

-Undergo postclosure period (Sec. 7)

-Site closed-

Institutional
"control

' • Maintain site
• • Monitor performance
__ • Compare results with
performance requirements

Requirements
met

I Requirements not met
• Remedial action and/or
™" change in monitoring
system

Figure 1. Planning and conducting site stabilization and closure.
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•

Stabilization and Closure Operations - Planning and quality
assurance requirements; Implementing stabilization and closure

•

Postclosure and Institutional Control - Maintenance and
monitoring requirements during postclosure and institutional
control; comparison of monitoring data, pathways model results,
and performance objectives
Highlights

Statements of guidance provided in the document are summarized in
Figure 2.

Each site should establish performance
requirements for closure of LLW disposal sites
that:
Limit exposure from radioactivity to the
general public
Control release of hazardous contaminants
to the extent necessary to protect human
health and the environment
Dictate a performance period commensurate
with the hazards of the disposed waste.
Performance assessment tools utilized to
determine or predict 1f performance requirements
are or will be met by a stabilized site must be
documented.
A performance assessment technique should be
chosen that will allow direct comparison of
conditions or predictions with performance
requirements.
Stabilization and closure techniques Implemented
should be based on a site-specific analysis of
critical pathways and radionuclides, determined
through a screening process.
Site-specific data should be utilized, if
possible, In performance assessments.
Site-specific data are essential In assessment
of critical pathways.

The final closure strategy must satisfy
requirements for containment of all types of

waste known to be in the inventory. The
strategy and techniques to be implemented should
be determined through a systematic evaluation of
the long- and short-term benefits costs, and
risks of options.
A site-specific stabilization and closure plan
should be developed for existing sites as early
as possible.
Stabilization and closure activities should
closely follow those activities documented in
the closure plan.
Stabilization and closure activities should be
planned In detail, in a similar manner as
construction projects are planned.
Stabilization and closure activities must be
carried out In accordance with an approved
quality assurance program.
Stabilization of Inactive areas at active sites
prior to closure of the facility Is necessary.
At closure, all disposal sites must have in
place a plan for site surveillance, maintenance,
and remedial action. Plans should specify
"alert levels" or "action levels" that trigger
remedial or corrective measures.
A postclosure monitoring system should be
established to confirm performance requirements
are met and provide data to allow prediction of
future performance.

Figure 2. Summary of Statements of Guidance.

The single most important statement of guidance, which supports the
philosophy of the entire document, is as follows: The final closure
strategy must satisfy all requirements for containment of all types of
waste known to be in the waste inventory. The strategy and techniques to
be implemented should be determined through a systematic evaluation of the
benefits and costs of options.
The above paragraph brings forth several potential problem areas for
closure of existing LLW sites. These problem areas and supporting
information provided in the guidance document are addressed below:
•

Potentially conflicting requirements for closure of sites
containing wastes in addition to LLW. Table 1 lists postclosure
performance objectives for disposal of hazardous and radioactive
wastes.

•

Accurate knowledge of inventory. Inadequate disposal records and
lack of cost-effective in-situ characterization techniques
complicate the determination of applicable regulations and viable
closure strategies. Figure 3 summarizes the process of waste
characterization, as described by Golchert (1985)5

•

Systematic evaluation of benefits and costs of options. Benefits
and costs of closure strategies should be evaluated on both a
short- and long-term basis. A range of alternatives must be
evaluated on some common basis to determine least cost strategies
that meet minimum requirements and incremented costs for
improved strategies to establish a defensible "preferred
alternative." Table 2 lists some potential closure strategies
and associated .weaknesses and attributes.

FUTURE RELATED WORK
Two related tasks that expand the scope and level of detail of
guidance provided on this draft document are proposed for FY 1987. The
first of these is development of a guidance document specifically for
performance assessment at DOE LLW sites. The purpose of this document is
to provide guidance such that assessments can be conducted in a consistent
manner across the DOE, but without requiring utilization of the same
pathways models or other performance assessment tools.
Specifically, objectives will be to provide guidance for a minimum set
of assessment calculations, conditions for which additional calculations
should be done, and supporting guidance for interpretation of assessment
calculations.
The second proposed task is a revision of the existing draft guidance
document to provide more detailed strategies for resolving closure
conflicts arising from past disposal of transuranic and radioactive mixed
waste in LLW disposal sites. This task will require coordination with the
Hazardous Waste Remedial Action Program (HAZWRAP) and the Transuranic Waste
Technology Program.

TABLE 1. POSTCLOSURE REQUIREMENTS FOR DISPOSAL OF LLW, TRU, ANO HAZARDOUS WASTE
Statute

Sites Governed

Postciosure Performance Objectives

DOE
Order 5820.2a
Chapter III

DOE Low-Level waste
disposal sites

- Annual dose limit of 500 mrem to any member of the
general public; doses must be maintained at levels as
low as reasonably achievable. (Operational limit
only. No DOE-wide limits exist for closure.)

10 CFR 61°

Commercial sites for
shallow-land disposal of
low-level waste

- Annual dose to any member of the general public not to
exceed 25 mrem to whole body, 75 mrem to thyroid,
25 mrem to any other organ
- Protection of individuals from inadvertent intrusion
- Long-term stability of site (500 years)
- 100-year maximum institutional control period
- Buffer zone

40 CFR 191C

Sites developed for
management and disposal of
spent nuclear fuel,
high-level and transuranic
radioactive wastes

- Long-term stability of site (10,000 years)
- Meet release limits for specific radionuclides
(191.13)
- Annual dose to any member of the general public not
to exceed 25 mrems to whole body, 75 mrem to thyroid,
25 mrems to any other organ, for 1000 years after
(undisturbed) disposal
- Meet specific groundwater protection requirements
for 1000 years disposal (undisturbed)

40 CFR 265d

Hazardous waste facilities

- Minimize need for further maintenance
- Control, minimize, or eliminate, to the extent
necessary to protect human health and the
environment, postclosure escape of hazardous waste,
hazardous waste constituents, leachate, contaminated
rainfall, or waste composition products to
groundwater, surface waters, or to the atmosphere

oo

40 CFR

- Yet to be promulgated

a. Radioactive Waste Management, Management of Low-Level Waste.
b. Licensing Requirements for Land Disposal of Radioactive Waste.
c. Environmental Standards for the Management and Disposal of Spent Nuclear Fuel, High-Level and
Transuranic Radioactive Wastes.
d. Interim Status Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal
Facilities.
e. Environmental Standards for Land Disposal of Radioactive Waste.

Review ate Specific Waste Information
* The records supplied by the waste generator and maintained by the site operator.
* Analyses and measurements performed by the site operator.
• Analyses of trench water (Husain. et al, 1979; O'Donnell, 1963).
• State agencies that oversee or control LLW sites. (Gat. et al. 1976).

Consider the following questions:
• Do the records of buried waste available from the site operator ap.oear reasonable
and complete?

Review Qualitative Information on Waste

• Do the records show the radionuclide composition and activity content; the type of
waste container; chemical and physical form of the waste; amount and identity of
biodegradable organic material, complexing agents, chemically-toxic chemicals
(organic and inorganic), and other major and minor constituents of the waste?

• The definition of tow-level waste (CFR, 1981).

• Is information available on the integrity or life-expectancy of the waste containers?

• Generic or reference tabulations of tow-level waste (Denham, et al, 1981).

• Has trench water been collected and analyzed?

• The historic record and compilations of tow-level waste prepared by and for the USNRC
and the USEPA (USNRC, 1980: 1980a' 1981a).

•o

If answers to above
questions are "yes"

Estimate source term for waste migration, the magnitude or significance of gaseous waste
products, the relative solubility and mobility of the radionuclides and chemicallytoxic materials, and other factors required for a pathway analysis.

Based on Qolchert (1965)

If answers to above
Questions are "no"

• Conduct a retrospective waste inventory by conferring with the waste generators.
This is likely to be expensive and time-consuming, but has been done
(McKenzie, et al. 1985).
• Conduct exploratory borings into some trenches to obtain some of the missing
information, and analyze trench water if available. The analysis of trench water
can produce very useful information and should be carried out. The usefulness
of exploratory borings must be evaluated on an individual basis. The cost and the
possibility of breaching the integrity of the trench must be weighed against
the usefulness of the results.
• UM historical information, previous experience at other LLW sites, and generic
tabulations described earlier to estimate the required information that is
not available from the site operator.
• M2t

Figure 3. Identification of waste inventory.

TABLE 2. POTENTIAL STRATEGIES FOR STABILIZATION AND CLOSURE*
Strategy Option

Possible Bases for Strategy

Positive Attributes

Weakness

Stabilization in-piace, with minima]
maintenance and minimal monitoring.

Assume problem wastes located throughout
site. Implement stabilization techniques
that allow reasonable assurance that performance objectives can be met.

Long-term control ensured without
active maintenance.

Difficult and costly to support
this strategy when site contains
TRU or hazardous wastes (may
involve extensive groundwater
controls).

Stabilization in-place using a
combination of several methods, with
minimal maintenance and minimal
monitoring.

Known location of problem waste; implement
stabilization techniques that allow
reasonable assurance that performance
objectives can be met.

Does not rely on active measures
to ensure performance objectives
are met. Less costly than
applying conservative stabilization techniques to entire site.

Reliance on accurate characterization and location of problem
waste.

Stabilization in-place; reliance
on active maintenance and monitoring
programs; emergency corrective
action plan in place, with adequate
financial assurance to carry it out,
If necessary.

Less assurance that long-term objectives
will be met under minimal maintenance
approach, but safety constraints or cost of
retrieval don't support retrieval option.
Near- and moderate-term confinement assured;
data support long-term confinement but not
conclusively.

Moderate-t»rm environmental protection ensured. Moderate-term
safety hazards and cost of
retrieval are not incurred.

Reliance on monitoring and
maintenance programs to detect
problems. Reliance on
corrective action plan that
would be implemented prior to
irreversible impacts.

Retrieve some waste (i.e., hazardous
or TRU); treat waste and re-dispose
using greater confinement;
stabilize remaining waste in
place; passive maintenance and
minimal monitoring.

Known location of problem waste; performance
objectives cannot be met by In-place stabilization of problem waste. Redisposal of
treated waste conforms with Institutional
requirements.

Long-term control ensured without
active maintenance.

EPA permit /or treatment and/or
disposal of hazardous waste may
be required. Reliance on
accurate characterization and
location of problem waste risks
associated with waste retrieval.

Retrieve some waste and ship
elsewhere for disposal; stabilize
remaining waste In place; passive
maintenance and minimal monitoring.

Known location of problem waste that cannot
remain at site because of inability to meet
Jong-term performance requirements or
institutional
requirements; existence of
"receiving1 site.

Long-term control ensured without active maintenance.

EPA permit for storage of
hazardous waste may be required.
Where to snip waste?
Risks associated with retrieval.

a. The primary justification for waste retrieval 1s that disposal units are located in an area with geologic or hydrologic characteristics that make
stabilization in place costly or technically unfeasible. This list of possible strategies is not exhaustive and is not specific to any one DOE site.
Actual strategies should be based on site-specific conditions, performance requirements, and performance assessment. Strategies should be determined
through a systematic evaluation of the long- and short-term benefits, costs, and risks of options.

SUMMARY
The final effect of this work will be to provide guidance such that
DOE contractors will be able to close existing LLW disposal sites with a
high degree of confidence that the public health and environment will be
protected at a reasonable cost.
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LONG-TERM MONITORING FOR CLOSED SPECIAL SITES
Norbert W. Goichert and Jacob Sedlet
Argonne National Laboratory

ABSTRACT
A methodology is presented for planning and implementing a
long-term environmental monitoring program for closed
special radioactive waste disposal sites. The steps in the
method involve collection of the available background information on the site history, site and area characteristics,
waste inventory, pathway analysis, prior monitoring programs, applicable standards, and the legal/regulatory requirements. This information is coupled with factors such
as experience, half-life, radionuclide migration r^tes, and
potential hazard to develop a monitoring program, teian example, a site-specific long-term monitoring program is
described for the AMAX site using the available information. Sampling techniques and practices for the monitoring
program are discussed and techniques and practices expected
to be available in the future are considered.
INTRODUCTION
Special sites are defined in Section 151 of the "Nuclear Waste
Policy Act of 1982" (Public Law 97-428) as commercially-operated facilities that used a variety of chemical and metallurgical processes to
recover hafnium, zirconium, and rare earths from source material.
Source material ores also contained small quantities of thorium,
uranium, and their daughter products. The Act provides a mechanism
for transfer to the U. S. Department of Energy (USDOE) title and custody of low-level radioactive waste and the land on which such waste
is disposed of upon request of the owner of the waste and land, if
that waste resulted from a licensed activity for such processing.
The special sites are characterized by the presence of residual
natural radioactivities, principally, radium, thorium, and uranium,
which occurred as impurities in the primary ore and were discarded.
In this respect, these special sites are similar to the UMTRAP
(Uranium Mill Tailings Remedial Action Program) sites and to many of
the FUSRAP (Formerly Utilized Site Remedial Action Program) sites.
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The purpose of this presentation is to identify the necessary information and considerations that are applicable to the development of
long-term monitoring programs for closed special waste sites.
BACKGROUND INFORMATION
The design of a long-term monitoring program is predicated on
the past behavior of the site. Therefore, it is important to collect
the information on the site that impacts the monitoring program. Particularly important areas of information include: 1) the site history; 2) the site and area characteristics, such as meteorology, geohydrology, demography, ecology, and land use; 3) the waste inventory;
4) pathway analysis; 5) the results of all monitoring programs and
related studies; 6) applicable standard; and 7) the legal/regulatory
requirements. Once collected, it is necessary to judge if the quantity and quality of the information is adequate.
The history of the site is important in determining when and
where the various processes were operated, what chemical, physical,
metallurgical, or other operations were used, what source materials
were used, and whtt products resulted. This type of information provides guidance on the extent of the problem, information on the contaminants that may be present, the possible introduction of toxic
materials, either used in the process or as products of the process,!
and information on the magnitude of the problem. It is important to;'
examine the total operation for potential environment insult and not
be restricted to known problems. For example, a milling and grinding
operation would produce considerable residue but could also produce
an airborne component that could be spread a considerable distance
from the site. The primary source of this information should be the
site operator.
The site and area characteristics include meteorology, hydrology, geology, geochemistry, demography, ecology, and land use. A
large number of site-specific physical, ecological, sociological, and
other parameters were probably evaluated before and during the operation of the site. These should be available from the site operator.
Other information may be available from studies by such organizations
as the U. S. Geological Surveys or local universities. Table 1 is a
summary of the parameters and the use of this information as related
to the development of a long-term monitoring program.
Information on the waste inventory is vital since it will be a
determining factor in deciding on the measurements that should be
made and the pathways that should be monitored. Information should
be obtained on the identities and amounts of individual radionuclides
buried, the chemical and physical composition of the radionuclides,
and the composition of other components of the waste, such as chemically-toxic substances, carcinogens, and complexing agents.
Pathway analysis is a mathematical analysis of the routes or
pathways by which waste may migrate, which allows one to predict the
13

TABLE 1
Parameters and Their Purpose to Characterize
The Site and Vicinity Area
Characteristic

Purpose

Parameters

Subsurface
Hydrology

Aquifer location, hydraulic conductivity,
transmissivity, storativity, porosity, hydraulic potential, flow
direction, apparent
velocity, hydrodynamic
dispersion coefficients

To model the ground water
flow for pathway analysis
and to locate the sampling
stations.

Surface
Hydrology

Precipitation, runoff
coefficients, infiltration capacity, evaporation, drainage patterns

To model pathway analysis
and locate surface water
sampling stations. Water
budget analysis.

Geology

Stratigraphy, tectonics, Surface and ground water
pathway analysis and suberosion, lithology,
surface monitoring locaseismicity, mineralogy
tions.

Geochemistry

Distribution coefficients, clay mineralogy,
anion-cation exchange
capacities, soil pH,
oxidation-reduction
potentials, soluble
anions and cations, ororganic materials, complexing agents

To predict the pollutant
flow rates in the subsurface
and surface water regime by
modeling.

Demography

Population distribution
by sector

To locate sampling stations
and for dosimetry calculations.

Ecology

Plants and animals

For sampling and pathway
analysis.

Land Use

Agricultural, commercial, recreational

Pathway analysis and sampling locations.

Meteorology

Windspeed and direction

Air sampling locations.
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fraction of waste that could reach humans under an experimentally determined or assumed set of conditions and for estimating the potential hazard. A site-specific pathway analysis is essential for the
design of a monitoring program and such an analysis should have been
prepared for the site and available from the site operator. The
common method for the quantification of the pathways between waste
and humans is by modeling through a compartmentalized block diagram.
A discussion of the application of pathway analysis to a low-level
waste site is given in USDOE (1983) as well as other references cited
in this source.
Evaluation of any prior monitoring programs is important in the
design of long-term monitoring programs. The primary source of the
monitoring information is the program conducted by the site operator.
The available monitoring information should provide a description of
the sample collection schedule, type, location, data analysis and interpretative procedures, quality assurance measures, detection
limits, trend analysis, comparison to control samples, and calculation of potential dose or other health effects from releases. The
adequacy of the monitoring data should be evaluated to determine if
any additional information is needed.
There are no federal standards that are directly applicable to
the on-site disposal of radioactive, hazardous, or mixed waste generated at special sites. However, there are a number of regulations
that can provide some guidance when dealing with a special site.
These include the environmental standards in 10 CFR Part 61, UMTRCA
(Uranium Mill Tailings Radiation Control Act), Clean Air Act, Safe
Drinking Water Act, 10 CFR Part 20, FUSRAP, RCRA (Resources Conservation and Recovery Act), and CERCLA (Comprehensive Environmental
Response, Compensation, and Liability Act). A comprehensive review
of the applicable regulations from each of these laws has been collected and evaluated by Breckenridge. e_t jil_, 1985.
Under Subsection 151(c) of the Nuclear Waste Policy Act of 1982,
several conditions must be met before USDOE can accept a special
site: 1) the USNRC license must be terminated after site closure, decomissioning, and decontamination requirements are met; 2) the title
and custody must be transferred to USDOE without cost; and 3) Federal
ownership and management is necessary to protect the public health
and safety and the environment. A draft disposal site transfer program guidance (EG&G, 1985) has been prepared which establishes the
procedural step necessary in the transfer process.
PROGRAM DESIGN CONSIDERATIONS
A number of factors exist at special sites that can be used to
provide guidance in the program design. These include such considerations as past results, experience, regulations, radionuclide halflife and migration rates, and source term. Application of these considerations will provide guidance on making decisions on monitoring
frequency and duration.
15

Experience has shown that in some respects, special sites are
similar to the UMTRAP and some FUSRAP sites. The principal radioactivities present at these sites are the natural radionuclides, primarily radium, thorium, and uranium. These were present in the original ore and the waste resulted from various separation processes used
to extract the parent materials. Considerable information on these
sites and their associated monitoring programs has been published. A
summary of these programs is available along with a discussion of
their similarities (Golchert, et ji]_, 1984).
In many long-term monitoring situations, some sampling guidance
can be obtained from considering the half-life of the disposed radionuclides. For radionuclides of half-lives of less than one year,
radioactive decay will reduce the amounts of these radionuclides so
that long-term monitoring will not be required. For radionuclides
with half-lives between one and fifty years, a periodic reduction in
sampling, related to half-life, is suggested (Golchert, et al_,
1985). The principal radionuclides at special sites are uranium,
thorium, and their daughters. The half-lives of the parents,
uranium-238 and thorium-232, are very long and radioactive decay has
no consideration in the long-term monitoring program design. The
need to monitor these long-lived nuclides will be determined by other
considerations such as their source term, chemical and/or physical
form, and method of containment.
The retardation of radionuclides as they move through subsurface
soil by means of ground water can effect the long-term monitoring program. Most long-lived actinide nuclides have high retardation factors in soils. This is likely to be true at the special sites. This
implies that a minimal sampling program would be needed. If measured
or calculated retardation factors are not available for a specific
site, tabulations of generic retardation factors are available for
some nuclides (Murphy and Holter, 1980).
The characterization of the waste is an important factor in the
design of a long-term monitoring program. Not only is the quantity
of each buried radionuclide necessary, but also the physical/chemical
form, presence of migration enhancers, and the life expectancy of the
containment. These factors affect quantity of material available for
migration and the rate. At those sites that will qualify as special,
the source term will not be well known and only estimated.
Methodologies exist for evaluating the potential hazard for migration of radionuclides with the ground water to a drinking water
supply. These approaches use some combination of half-life, source
term, retardation factors and concentration limits. One method is
that used by Spalding and Munro (1984) which generates a hazard
rating. This provides a relative scale with which to compare radionuclides that occur at various concentrations in the waste, are adsorbed to differing degrees by the soil through which they must
migrate, and have inherently different radiological hazards. Application of this system to special sites indicates that some of the radionuclides of concern have relatively low hazard rankings.
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MONITORING PROGRAM
The monitoring program at a closed special site should be based
on currently available information and any additional information
that may become available at the time application is made for site
transfer. The present planning for long-term care at a closed
special site includes environmental monitoring for an extended
period, perhaps more than 100 years, since the waste will remain in
place and contains long-lived, slowly-migrating radionucTides. For
the same reason, a site maintenance, inspection, and surveillance program will also be required. It is recommended that these activities
be combined with the monitoring program to reduce cost. Routine
sample collection for monitoring purposes can be conducted concurrently with site inspection activities. In some instances the site
maintenance, inspection, and surveillance may recognize changes, such
as erosion and intrusion, that call for additional or new monitoring
activities.
As part of the long-term care of a closed special site, periodic
inspections will be necessary to establish that the site is in an
acceptable condition. Examples of surveillance and maintenance activities include inspection of the site, collection of the^required environmental samples, checking and servicing instruments and operating
equipment, recalibration of monitoring systems and making minor
repairs. It is suggested that the surveillance be conducted twice a
year, in the spring, to determine the impact of the winter, and in
the fall, to see the effect of the growing season. In addition to
the scheduled surveillance, inspections should be made following any
unusual events such as extremely high winds, tornadoes, extended or
high periods of precipitation, floods, or earthquakes, or human
events such as vandalism, inadvertent intrusion of the fenced area,
or threats.
As in the case of the UMTRAP and many FUSRAP sites that contain
considerable natural radionuclides, radon (from the decay of radium)
released to the air is the major exposure route at unstabilized
sites. Next in importance is the migration of uranium, radium, and
some chemically-toxic elements in the surface water and ground water.
The sample collection frequency and required analysis will be determined by source term and past measurements.

TECHNIQUES, EQUIPMENT, AND PRACTICES
A long-term monitoring program which begins within the next few
years will probably be based on the current methods of field sample
collection and laboratory analysis. The sample collection will concentrate on air and water. The analysis scheme will rely principally
on the determination of radon in air, and uranium, radium, and chemical pollutants in the surface and ground water. A summary of the currently used radiochemical procedures for environmental samples has
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been collected along with references to published procedure manuals
(USDOE, 1983).
One of the goals of the monitoring program would be to minimize
the manpower requirements by eliminating as much of the sample collection and laboratory analysis as possible. This could be accomplished
by using vn_ situ direct reading measuring devices to monitor the
possible presence of any pollutants. It is anticipated that upon the
development of remote monitors with adequate sensitivity and reliability, these systems would be incorporated into the program. The
future monitoring program would involve the use of highly sensitive
and specific vn situ sensors that would make periodic measurements and telemeter the data to a central facility. To implement
these changes, it is assumed that some periodic formal review would
be conducted of the program at which time decisions would be made on
which portions of the program would be changed, deleted, or revised.
APPLICATION TO AMAX SITE
In order to illustrate the application of the methodology, the
above procedure was applied to a particular special site. The AMAX
site is located near Parkersburg, West Virginia and was used for the
production of high-grade zirconium metal for various ores. Associated with the ores were small amounts of thorium and uranium. Most
of the residual waste which contained the radioactive materials was
disposed of elsewhere, but a small amount of contaminated soil was
buried on site. All the identified radioactive materials were consolidated at one on-site location in a clay-lined enclosure. A description of the available information on the AMAX site relative to
history, site and area characteristics, waste inventory, pathway
analysis, and monitoring programs, has been collected (Golchert and
Sedlet, 1986).
The AMAX situation is relatively simple in terms of the waste
type, amount, and location. The radionuclides of concern are radium,
thorium, uranium, and their daughters. The total inventory is probably less than ten curies, and these materials are restricted to a
clay-lined repository. The hazard due to these slow-moving radionuclides is low and the major pathways have been identified.
It is suggested that a sampling frequency of twice a year,
spring and fall, would be adequate for the AMAX site. The sampling
would be coordinated with the site surveillance and maintenance program. The program would consist of monitoring for radon and daughter
products in air and for uranium, thorium, and radium in surface
water, ground water, and sediments. This program is outlined in
Table 2. Monitoring for the possible presence of some toxic heavy
metals that may be associated with the waste, such as hafnium and zirconium, should also be considered.
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TABLE 2
Suggested AMAX Moni toring Program
Medium

Locations

Sample Size
-

Air (Radon)

3 On-site - 1 Off-site

Surface Water
Creek
Creek
Ohio River
Ohio River

4
4
4
4

Ground Water

4 L each

Sediment-Creek

Upstream of Site
Mouth of Creek at Ohio River
Upstream of Creek Outfall
Downstream of Creek Outfall

L
L
L
L

3 On-site - 1 Off-site

Several kg each Outfall to Ohio River
Upstream of Site

The program outlined in Table 2 gives the recommended minimum
number of samples and measurements necessary to evaluate the behavior
and performance of this closed special site. The program is intended
for use at the time the site is transferred to the USDOE. Changes in
the program with time should be expected that are based on the monitoring results and physical and other changes observed at the site.
Funding for this study was provided by the U. S. Department of
Energy - National Low-Level Waste Management Program.
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LONG-TERM MANAGEMENT PLAN:
WEST VALLEY DISPOSAL AREA
Carol Hornibrook

INTRODUCTION
The Energy Authority's overall program objective for the West Valley
LLRW disposal area is to continue to protect public health and safety and
the environment in a cost-effective manner. As owner of the disposal
area, the Energy Authority is responsible for routine surveillance and
maintenance activities, and remedial actions that may include research,
development and demonstration efforts.
This project evaluated long-term management technologies for
potential implementation at the West Valley LLRW disposal area. In an
effort to assist the Energy Authority in identifying and evaluating these
alternatives, the U.S. Department of Energy (DOE) cofunded this project
and recommended that a Technical Review Group (TRG) consisting of
regulators and researchers review and provide input to the project. The
Energy Authority assembled a TRG consisting of a representative from each
of the following agencies: U.S. Nuclear Regulatory Commission, U.S.
Geological Survey, New York State Department of Labor, New York State
Department of Environmental Conservation, New York State Department of
Health*, and New York State Geological Survey*. The TRG also included a
representative of West Valley Nuclear Services, Inc., the site operating
contractor for the West Valley Demonstration Project (a joint
Federal/State project to solidify high-level liquid radioactive waste at
West Valley and decontaminate and decommission facilities used in the
project). This seven-member committee met three tises specifically to
review and comment on the West Valley Site Characterization Report, the
potential options for long-term site management, and the seven proposed
plans for long-term management developed by Envirosphere Company.
* The representatives of these State agencies also have conducted
site characterization and research studies on trench gas generation
and trench geohydrology at the West Valley LLRW disposal area.
SITE CONSIDERATIONS
Envirosphere collected pertinent existing site data, organized it
into a Site Characterization Report, and identified site problems to be
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addressed in a Site Management Plan. Based upon Envirosphere's Site
Characterization Report, the following site problems were identified as
critical concerns that will significantly influence the design of any
interim and long-term site stabilization plans.
o

Recharge of water into burial trenches. The primary objective
of long-term isolation of radionuclides in the disposal trenches
is to prevent, water from entering the trenches and leaching out
radionuclides. Should the leachate escape from the trenches,
radionuclides would be introduced to the ground surface and into
surface water environments (e.g., pathways).

o

Settlement of buried waste. The unstable nature of the waste in
TKe trenches (compactible, combustible and biodegradable) is
responsible for previous trench cap settlement and collapse.
These stresses on the trench cap have aggravated the water
infiltration problem by making the cap more permeable in the
disrupted areas.

o

Radioactive gas emanation from trenches. Methane and carbon
monoxide are the most common gases produced by the decomposition
of organic material over time in the trenches. Because of the
radioactivity of the materials decomposing, the gases generated
are also radioactive. These gases emanate either by diffusion
through the trench caps or directly through cracks in the trench
caps.

o

North slope stability. Some landsliding and sheetwash erosion
have occurred on the northern slope of the LLRW disposal area.
Avoiding the potential for exposing the ends of trenches 1-5,
which would potentially expose waste and/or leachate to the
environment, is an important long-term consideration.

Of the four site factors identified, the two issues critical to
long-term stabilization of the site are: trench cap subsidence due to
waste instability and water infiltration into the trenches. Since waste
instability is believed to be the key cause for cap subsidence, which
provides a major pathway for water infiltration into the trenches, trench
subsidence remediation becomes the foundation upon which a long-term
stabilization plan is based. From there, other critical design elements
are then incorporated to ensure a technically sound resolution of all four
site factors.
SEVEN LONG-TERM MANAGEMENT PLAN DESCRIPTIONS
Envirosphere then conducted an engineering assessment of existing
technologies capable of correcting these four site problems. From this
assessment, technologies/design elements were identified and combined to
produce seven long-term site management plans for the West Valley LLRW
disposal area. The following descriptions briefly summarize the essence
of each plan.

22

Precast Concrete Barrel Vault (Plan 1)
Construct a pile-supported precast concrete barrel vault over each
trench to support an overlying waterproofing layer of 80 mil HDPE and 51
(1.5m) soil cover system. The cavity within the vault will form a gas
collection system that will be vented to the atmosphere.
The system would be designed to be structurally independent of the
trenches, and therefore unaffected by future subsidence.
Normal
maintenance for such a system should consist of no more than grass cutting
and lawn maintenance in the seeded area above the vaults.
Reinforced Glacial Till or Clay Cap (Plans 2 and 3)
Construct a glacial till or clsy cap, reinforced with high-strength
biaxial polymer geogrids [a 1' (.3m) vertical spacing in the lower 5'
(1.6m) and V (.6m) vertical spacing in the upper 5' (1.6m)]. 7The clay
cap should be compacted to attain a premeability of at least 10 cm/sec.
The geogrids will support the primary gas venting system and soil cover
system. This reinforced cap will span unstable areas of waste within the
trenches.
Potential maintenance requirements for these plans could exceed that
described for the cement barrel vault because of the remote possibility of
residual subsidence.
Dynamic Compaction (Plan 4)
Attempt to stabilize the buried waste via compaction of the waste and
trench bac'*ill. Repeatedly drop a heavy weight from a great height onto
the trench surface in a regular coverage pattern. Upon completion of the
dynamic compaction operation, install a Universal Cap (see Universal Cap
description below) over the trench area.
Some future maintenance of the completed trench cap may be required
due to residual subsidence of unstabilized wastes and/or decay of wastes.
Displacement Piles (Plan 5)
Attempt to compact and stabilize the buried wastes by installing
concrete displacement piles on 3' (,9m) grid spacings throughout the
trenches, thereby compressing the wastes between piles. Upon completion,
install a Universal Cap over the trench area.
This method may require more maintenance of the cap due to residual
subsidence. However, the piles will provide some support for the cap in
spanning such areas.
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Displacement/Intrusion Grouting (Plan 6)
Attempt to compact the wastes and fill all remaining voids and pores
via a sequential program of displacement grouting at 10' (3m) grid,
spacings over the trench area, followed by a secondary displacement
grouting grid at 5' (1.6m) spacings. This grouting will be performed in
2' (.6m) lifts working from the top down with a very stiff mixture of
cement and silty sand. Next, intrusion grouting will be performed on a 5'
(1.6m) grid. Upon completion of the grouting, protruding grout pipes
above the concrete work pad (installed previous to grouting) will be cut
off and the Universal Cap installed.
Incomplete waste stabilization and/or future waste decay, or grout
disintegration, can cause residual subsidence which affacts cap
performance and requires cap maintenance.
Active Maintenance/Natural Stabilization (Plan 7)
Continue active maintenance procedures (see Table 1) with permanent
closure at a future date. This allows trenches to stabilize naturally
over the next 20 to 50 years until trench cap settlement monitors show
that the specified settlement criteria are met. When the trench wastes
have stabilized, they will be able to structurally support a water
infiltration barrier (see Universal Cap description below).
Universal Cap for Plans 4, 5, 6 and 7?
Construct a compacted 3' (.9m) clay cap reinforced with high-strength
biaxiel polymet geogrid [at 1' (.3m) vertical spacing] over the stabilized
trenches, to support the overlying primary waterproofing, drainage and
soil cover systems.
Maintenance requirements for this cap may be equal to or somewhat
more than for reinforced glacial till and clay caps due to lesser amounts
of geogrid reinforcement. However, stabilization of wastes via dynamic
compaction, displacement piles, grouting and natural stabilization is
expected to reduce the potential for waste subsidence. Waste subsidence
could directly affect cap stability, ultimately requiring cap maintenance.
PLAN EVALUATION
All of the candidate plans were evaluated (scored) relative to one
another using technical evaluation criteria developed specifically for
this project. These evaluation criteria included cost, technical
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Table 1
Active Maintenance Program
1. Trench Settlement Monitors - All trenches
2. Site Survey: Geophysical and Topographic
3. Surface Water Management System: Peripheral Diversion System
Improved Run-Off Ditches
4. Trench Monitoring Program: Water Level Monitoring
Water Analysis (Chemical/Radiological)
Gas Monitoring
5. Maintenance/Surveillance Program: Surveillance
Maintenance
Security
Environmental Monitoring
6. Trench Sumps: Install 30
7. Lagoon Closure
8. Leachate: Pump and Treat
9. Trench Cover: Rework 5' of Cover
10. North Slope Stabilization: Streambed toe erosion
Sheet wash erosion
11. Demonstration Project: Demonstrate Universal Semi-Structural Cap
12. Final Closure: Install Universal Semi-Structural Cap
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performance and environmental, health and safety. Ordering of the overall
scores for these plans produced a ranked listing of plans from most
preferable (highest score) to the least preferable (lowest score).
The technical performance evaluation considered: ease with which the
plan could be constructed (constructability); past experience with similar
designs not necessarily used for LLRW disposal (past experience);
confidence that the plan as designed is suitable for the existing site
(confidence in design); how well the technology is expected to perform
(engineering performance); and ability to conduct a demonstration that
would actually provide representative results on how the technology would
perform (demonstrability). The cost evaluation considered the 40-year
system cost, using a discounted cash flow. This analysis included
capital, interim site management, demonstration and post-closure costs.
The environmental, health and safety evaluations included radiological and
occupational worker health, public health (radiological) and environmental
impacts. The results of these three evaluations are presented in Tables
2, 3 and 4.
ENERGY AUTHORITY EVALUATION OF PROPOSED PLANS
The Energy Authority then conducted a detailed technical review of
the plans and associated technical, environmental health and safety and
cost analyses prepared by Envirosphere. Based upon that review, the
Energy Authority made the following findings:
A.

Each plan is designed to function successfully at the West Valley
LLRW disposal area and to protect the public health and safety. Each
plan has a 300-year design life and will ultimately result in passive
custodial care and monitoring.

B.

Except for the Concrete Vault Plan (which can be initiated within
seven years), the time periods for initiating the remaining six plans
vary from 15 to 24years. This time differential is insignificant
when compared to the generic 300-year design life of each plan.

C.

As proposed, the only significant difference between the Active
Maintenance Plan and the Clay/Till Cap Plans is a $2 million capital
saving favoring Active Maintenance. The Clay/Till Cap Plans place a
19-foot cap over each trench. In the middle of the cap is a 10-foot
layer of clay/till reinforced with georids. The Active Maintenance
Plan requires that a 12-foot cap with a 3-foot layer of clay/till
reinforced with geogrids be installed after waste settlement monitors
show the settlement criteria for the existing caps have been met.
Since it is a passive approach, the Clay/Till Cap plans require a
thicker cap to compensate for any subsidence that may occur in the
trenches (e.g., as settlement occurs, cap material fills in the
voids). The difference in the thickness of these caps accounts for
most of the $2 million differential in capital costs.
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Table 2: TECHNICAL PERFORMANCE SCORES
Plan:

Plan 1
Concrete
Vault

Plan 2
Glacial
Till Cap

Plan 3
Plan 4
Plan 5
Plan 6
Plan 7
Clay
Dynami c Displacement
Active
Cap
Compaction
Piles
Grouting Maintenance

Technical Criteria
Constructibility
Past Experience
Confidence in Design Basis
Engineering Performance
Passivity
Demonstrability
Total - Technical

3
5
5
5

4
4
26

5
4
1
3
2

5
4
1
3
2

4
19

3

3
2
3

1

4

4

3
3
1

3
1

1
2
3
3
1

19

13

16

11

1
2

4
4
4
3
i

4
20

Table 3: ENVIRONMENTAL, HEALTH AND SAFETY SCORES
Plan:

Plan 1

Plan 2

Plan 3

Plan 4

5
3
5
5

5
5
4
5

5
5
4
5

4
3
4
5

18

19

19

16

Plan 5

Plan 6

Plan 7

4
3
4
5

4
4
4
5

4
5
4
5

16

17

18

EHS Criteria
Worker Health-Radiological
Worker Health-Occupational
Public Health
Environmental
Total - EHS
Ratings:
5: Highest Score, favorable
1: Lowest Score, unfavorable

Table 4: CONCEPTUAL COST ESTIMATES

Capital Cost ($1000)

Plan 1

Plan 2

Plan 3

Plan 4

Plan 5

12 ,400

5 ,930

6,850

4,365

16 ,000

55 ,500

3 ,900

61

61

61

61

61

61

61

840

2 ,100

2,100

1,800

1,800

1,800

2 ,500

11 ,700

6 ,200

6 ,700

5,500

13 ,900

41 ,100

4 ,300

Annual Post-Closure
Operating Cost
Total Active Maintenance
(Until Closure) Cost ($1000)
40-Year Total
Net Present Value ($1000)
PO
oo

—Legend
*

Capital Cost
Low:

Less than $5 million

Medium:

$5-10 million

High:

$10-16 million

Very High: Greater than $16 million

Plan 6

Plan 7

D.

Dynamic Compaction, Displacement Piles and Grouting are considered
speculative options at this time. These technologies are not mature
enough to justify sitewide implementation without further
demonstration. Envirosphere's judgement is that the results of such
demonstrations would not be totally conclusive, leaving substantial
uncertainties.

E.

The Concrete Vault and the Active Maintenance Plans appear to be the
most viable options. Envirosphere's technical performance evaluation
rated these plans one and two respectively. A comparison of their
ratings follows.
COMPARISON OF SCORES FOR TWO HIGHEST RATED PLANS

The following tables summarize the Technical Performance scores and
Environmental Health and Safety (EH&S) scores for the Concrete Vault and
the Active Maintenance Plans:
Table 5 TECHNICAL PERFORMANCE SCORES1
2
Technical Criteria
Concrete Vault
Active Maintenance
Constructibility
Past Experience
Confidence in Design Basis
Engineering Performance
Passivity
Demonstrability

3
5

4
4

5
5
4
4

4
3
1
4

26

20

Note: 1-Possible 30 points total.
2-For a brief definition of each criterion, see Section 4.
Table 5 ENVIRONMENTAL HEALTH AND SAFETY SCORES1
EHS Criteria

2

Worker Health-Radiological
Worker Health-Occupational
Public Health
Environmental

Concrete Vault

Active Maintenance

5
3
5
5

4
5
4
5

18

18

Notes: 1-Possible 20 points total.
2-For a brief definition of each criterion, see Section 4.
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The greatest variation in scoring for these two options was on the
technical criteria for "Passivity." This resulted from the completely
opposite approach utilized to achieve stabilization. The Concrete Vault
plan is designed to stabilize the site immediately to ensure passive
maintenance, utilize a proven technology, ensure low operating costs by
incurring high immediate capital costs, and achieve a high level of
technical performance while protecting public health and safety. The
Active Maintenance Plan is designed to utilize an existing methodology,
incur variable operating costs and zero initial capital costs, and achieve
a reasonably high level of technical performance while protecting public
health and safety.
PLAN SELECTION
Based upon these findings, Energy Authority staff concluded that the
Active Maintenance Plan is preferable for the following reasons:
A.

The Energy Authority has direct applicable experience with procedures
and maintenance technologies contained in the Active Maintenance
Plan.

B.

The plan provides maximum flexibility for:
i.
ii.
iii.

C.

While staff is convinced that the Concrete Vault plan is technically
feasible, it is inappropriate to select it at this time for the
following reasons:
i.

ii.

D.

complying with NRC/DOE criteria, when promulgated, for transfer
of the LLRW disposal facility to DOE for perpetual care, should
the State ultimately decide to take such an action;
implementing emerging trench stabilization technologies
if and when they reach maturity and are judged desirable; and
meeting unanticipated site needs or problems.

Given the uncertainty regarding NRC/DOE requirements for the
ultimate transfer of custodial responsibility to DOE, it is
unclear if this strategy would conform to (and conceivably could
inhibit) subsequent compliance with such criteria,
Since there is no immediate threat to public health and safety,
it is difficult to justify the initiation of such a
capital-intensive long-term management strategy (see Table 4 ) .

Based on our present knowledge and understanding of the pathways,
source terms, and site characteristics and conditions, there is no
impending threat to public health and safety requiring an immediate
or near-term action.
Therefore, implementing an expanded
maintenance program, collecting additional data, and refining our
understanding of the LLRW disposal area will facilitate final closure
and ensure the continued protection of public health and safety and
the environment at the LLRW disposal area.
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E.

Whether the time required to fully implement the Active Maintenance
Plan is 20 years (optimum) or 50 years (maximum), it does not
significantly affect the total cost of the Plan.

F.

The Active Maintenance Plan fully stabilizes the site and does not
rely on an engineered solution.
SUMMARY AND CONCLUSIONS

The Energy Authority and its contractor utilized a systematic
approach in selecting a long-term management plan for the West Valley LLRW
disposal area. As outlined earlier, existing site data were compiled,
site problems crucial to site stabilization identified, technologies to
correct these problems were identified and assessed, and viable long-term
management plans were developed and evaluated.
This process led to the development of seven plans which ultimately
will result in the stabilization and passive maintenance of the LLRW
disposal area.
Technical evaluation narrowed the field of viable plans to the
Precast
Concrete
Barrel
Vault
(highest
score) and
Active
Maintenance/Natural Stabilization (next highest score). When considering
these two plans, the policy question that most influenced final plan
selection was the uncertainty of NRC/DOE requirements for the ultimate
transfer of custodial responsibility of the LLRW disposal area to DOE
(should the State decide to take this action). Implementing an elaborate
stabilization technique such as the Precast Concrete Barrel Vault, which
may or may not meet the NRC/DOE requirements, would not be a prudent
action at this time. Therefore, it was important to select a plan that
provided maximum flexibility, not only for possible site transfer but for
implementating an emerging trench stabilization technology should one be
judged desirable. Lastly, it is important to maintain the flexibility to
meet unanticipated site needs or problems. For these reasons, Active
Maintenance/Natural Stabilization appears to be the prudent choice at this
time.
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MAXEY FLATS LOW-LEVEL WASTE
DISPOSAL SITE CLOSURE ACTIVITIES
Caroline Patrick Haight
Doyle Mills
Kentucky Department for Environmental Protection
Frankfort, Kentucky
John E. Razor
Westinghouse Hittman Nuclear Inc.
Morehead, Kentucky

ABSTRACT
The Maxey Flats Radioactive Waste Disposal Facility in Fleming
County, Kentucky is in the process of being closed. The facility opened
for commercial business in the spring of 1963 and received approximately
4.75 million cubic feet of radioactive waste by the time it was closed
in December of 1977. During fourteen years of operation approximately
2.5 million curies of by-product material, 240,000 kilograms of source
material, and 430 kilograms of special nuclear material were disposed.
The Commonwealth purchased the leasehold estate and rights in May 1978
from the operating company. This action was taken to stabilize the
facility and prepare it for closure consisting of passive care and
monitoring. To prepare the site for closure, a number of remedial
activities had to be performed.
The remediation activities implemented have included erosion
control, surface drainage modifications, installation of a temporary
plastic surface cover, leachate removal, analysis, treatment and
evaporation, USDOE funded evaporator concentrates solidification project
and their on-site disposal in an improved disposal trench with enhanced
cover for use in a humid environment situated in a fractured geology,
performance evaluation of a grout injection demonstration, USGS
subsurface geologic investigation, development of conceptual closure
designs, and finally being added to the USEPA National Priority List
for remediation and closure under Superfund.
INTRODUCTION
The Commonwealth of Kentucky became involved in nuclear energy
when the Kentucky Human Resources Cabinet, under authority granted
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by the U.S. Atomic Energy Act of 1954, licensed Nuclear Engineering
Company, Inc. to operate a low-level nuclear waste disposal site in
Fleming County, Kentucky. The Maxey Flats Low-Level Nuclear Waste
Disposal Site (MFOS) began burial operations in the spring of 1963
and accepted 4.75 million cubic feet of radioactive waste until its
closure in December 1977. During fourteen years of operation
approximately 2.5 million curies of by-product material, 240,000
kilograms of source material and 430 kilograms of special nuclear
material were disposed. This waste was generated by medical, academic
and industrial facilities, and state and federal governmental agencies.
Eighty-five to 95 percent of the material at Maxey Flats is classified
as low-level; the remainder is a mixture of uranium and thorium waste
and transuranic radioactive materials. The radioactive waste disposal
technique used at MFDS was shallow land burial.
The site was closed in December of 1977 after lateral seepage
of radionuclides into an adjacent, newly constructed trench was detected.
Surface water from rainfall and runoff had also infiltrated the closed
disposal trenches. In May 1978 the Commonwealth, after negotiating
the purchase of the site operator's leasehold rights and equipment,
assumed control of the site. The Kentucky Finance and Administration
Cabinet was placed in charge of stabilizing the facility. In February
1979 the Natural Resources and Environmental Protection Cabinet was
delegated the responsibility for managing MFDS from the Finance Cabinet.
During 1980, the Kentucky Legislature mandated the Cabinet to "move
as expeditiously as possible" to decommission the site in order to
reduce the continuing costs to the taxpayers of the Commonwealth.
The state has expended an average of one million dollars per year since
closure to stabilize and maintain the site.
GENERAL BACKGROUND INFORMATION
Brief Site Description
The Maxey Flats Disposal Site is sited on a flat-topped ridge
known as Maxey Flats in northeastern Kentucky. A perspective view
of the site is shown in Figure 1. The site consists of 280 acres.
About 40 acres of the site are designated as a restricted area (an
area having restricted access and controlled for the purpose of radiation
protection). Within the restricted area, approximately 25 acres have
been used for disposal of low level radioactive waste (LLRW).
LLRW disposed of at Maxey Flats included miscellaneous materials
such as paper, trash, clothing, protective apparel, laboratory glassware,
obsolete equipment, duct work, radiopharmaceuticals, waste plastic
tubing, and miscellaneous rubble. Other LLRW included solidified
liquids, shielding accessories (glove boxes), filters, ion-exchange
resins, activated metals, and evaporator sludges.
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Transuranic waste was generally associated with glove boxes, rubber
tubing, gaskets, plastic, paper, and rags. Paper and rags are estimated
to contain as much as 50 percent of the total transuranics on site.
The majority of the wastes were received in steel drums. Typically,
other packages included wooden and cardboard boxes. The principal
organic input to the disposal trenches included animal tissue, paper,
cardboard, wood, plastics, and organic chemicals (Clark, 1973).
Disposal of these wastes has been in 51 trenches, numerous hot
wells (source wells), and several special pits. The trenches were
generally unlined, with dimensions ranging from 15 to 670 feet long,
10 to 70 feet wide, and 10 to 30 feet deep. The burial media consists
predominantly of a poorly fissile, dark blue to greenish shale
interbedded with lenses of fine-grained sandstone and siltstone. The
clay-rich cover soils range in depth of 1 to 15 feet. In this area,
the shale is weathered to a light brown color.
Currently, over 25 acres of the site are covered with a polymer
membrane (polyvinylchloride) infiltration barrier. This barrier has
limited surface water infiltration into the trenches so that trench
leachate can be pumped and evaporated at a rate that is faster than
new water can infiltrate the trenches. The climate is humid-continental,
characterized by warm, humid summers and cold winters. The annual
precipitation ranges from 43 to 47 inches.
Geology
The MFDS is located in the Knobs Region of Kentucky, and the area
is underlain by Mississippian and older sedimentary rocks. The
stratigraphic sequences discussed in this report only extend to the
Crab Orchard Formation because this formation is considered to be the
lower boundary to the groundwater system in the site vicinity.
The uppermost rock unit is the Nancy Member of the Borden Formation.
The Nancy Member is a massive shale with thin layers or lenses of
sandstone. The average thickness of the Nancy Member is about 45 feet
at the site. Vertical joints in the Nancy Member occur at intervals
ranging from several inches to several tens of feet with an average
spacing of several feet.
Underlying the Nancy Member is the Fanners Member of the Borden
Formation. Like the Nancy, the Farmers Member consists of shales and
sandstones including the basal Henley Bed. Within the Farmers Member,
the sandstone component dominates. The thickness of the Farmers Member
is 33 to 50 feet at the site. Vertical joints within the Farmers Member
have been reported with most of the joints occurring in the upper
portion.
Beneath the Borden Formation lie the following formations, listed
in the order of increasing age and depth: the Sunbury Shale, a black
fissile shale about 18 feet thick at the site; the Bedford Shale, a
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silty, clay-rich shale with thin sandstone layers with a composite
thickness of 25 feet at the site; the Ohio Shale, a black fissile shale
with an average thickness of about 185 feet at the site; and the (upper
portion of the) Crab Orchard Formation. The hillsides are covered
with a layer of rock fragments and soil materials referred to as
colluvium. The colluvium extends to the valleys. In the valleys,
this is referred to as alluvium. A detailed discussion of these
formations can be found in Zehner (1979, 1983).
Geohydroiogy
The rocks at the MFDS are shales and find grained sandstones,
and generally have low primary permeability. Groundwater flow occurs
primarily in joints and fractures in these rocks. Water is found in
the rock structure beneath the site, probably in at least two separate
units. Water levels in these units are about 25 feet and 300 feet
below land surface at the site, respectively. Other distinct hydrologic
units may be present, but have not been identified.
Tests to determine the capability of the subsurface formations
at MFDS to transmit water have been made by several investigators.
Water acceptance tests were made (Walker, 1962) during the initial
investigation of the site. These tests indicated that the subsurface
materials at the site had a limited ability to accept water. On the
basis of these tests, the investigator stated that the shales at the
site are essentially impermeable. In measurements made by the United
States Geological Survey (USGS), most wells at the site have been found
to require days to weeks to recover from the bailing of 1 gallon of
water. Out of 11 wells tested, 3 recovered in one day or less, 2
recovered in 1 to 5 days, and the other 6 required several tens of
days to replenish the water bailed (Zehner, 1983).
The rate at which rainfall percolates to the groundwater system,
is low because of the silty nature of the surface soils and the
consequent high runoff of incident precipitation. Because of the
presence of low-permeability shales, much of the water which does
percolate to the groundwater system discharges through hillsides rather
than recharging the deeper strata, Zehner (1983) estimates that only
about 10 percent of the water which infiltrates the bedrock at the
b"Hal site percolates to the Ohio shale. A conceptual flow model
of the site indicate:* l!mt 70 p?wpnt. of the water which infiltrates
the site bedrock discharges to the hillside above lire 7o;;cr ?av>i" of
the Farmers Member (Zehner, 1983).
Groundwater discharging to the ground surface on hillsides may
be evaporatad, transpired, or may eventually flow into the valley
alluvium of Rock Lick Creek. Zehner (1983) estimates that groundwater
discharge from rocks underlying the trench araa may contribute as much
as 0.5 percent of the mean annual base flow of Rock Lick Creek. This
percentage is further diluted by surface runoff. Zehner (1983) estimates
an average dilution factor of 2,000 at the USGS gaging station on Rock
Lick Creek.
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BRIEF HISTORY OF DISPOSAL OPERATIONS
The following paragraphs briefly describe the disposal practices
utilized at the MFDS and how these operations led to operational problems
and regulatory concerns.
Description of Disposal Practices
Wastes were disposed at the MFDS by burial in trenches. Trench
geometry varied to accommodate different types of waste; however, the
majority of the waste was disposed in trenches roughly 670 feet long,
70 feet wide, and 30 feet deep. The sides of the trenches were
constructed essentially vertical, and adjacent trenches were separated
by approximately 10 to 20 feet of undisturbed soil and rock.
Waste was received at the site in metal, wooden and cardboard
containers. To minimize exposure to site workers, the waste-filled
containers were disposed by placement in the trench bottom in a random
manner. The waste was covered with soil on a regular basis to limit
radiation from the trench. No attempt was made to fill voids between
the waste containers with this soil.
The license issued to the site operator required that disposal
be halted when the disposed waste had reached a level approximately
3 feet below the top of the trench, and that a minimum 3 foot thick
soil cover be placed over the waste. This soil cover was placed and
contoured to promote drainage away from the trench.
Description of Operational Problems
As site operations progressed, problems associated with the method
of trench construction, waste placement and closure were observed.
Consolidation and decomposition of the wastes within the trenches created
voids which resulted in trench cap subsidence. The subsidence was
reflected at the ground surface as cracks or depressions. This damage
to the trench covers was repaired regularly by placing additional fill
over the affected area. As a result of the recurring loss of trench
cover integrity and perhaps as a result of normal infiltration through
the intact portions of the trench cover and water movement into the
trenches from adjacent areas, water began to accumulate in the completed
trenches. By the early 1970's the problem had become so acute that
a water management program was initiated at the site. This program
involved pumping water from the trenches through a chemical treatment
and forced evaporation system. Because the volume of water in the
trenches was large and because it was continually being replenished
by infiltration, the water management program did not permit the removal
and treatment of all water prior to the installation of infiltration
barriers.
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Trenches were excavated in rocks which generally exhibit a very
low permeability. Therefore limited migration of contaminated water
through the subsurface was observed prior to 1977. In 1977, however,
contaminated water was detected moving through joints in a sandstone
bed in a local area of the site. This contaminated water had moved
a distance of approximately 300 feet from the apparent source trench
when detected. Corrective measures were instituted at. that time to
intercept further movement of the water. This occurrence led to the
purchase of the site leasehold estate by the Commonwealth from the
site operator for purposes of closure.
DESCRIPTION OF MAJOR SITE CONCERNS
The major concerns characteristic of the MFDS are briefly described
below.
Bathtub Effect
The site is underlain by geologic formation which exhibit an
extremely low overall permeability. This characteristic inhibits the
outward movement (exfiltration) of water which infiltrates the trench
covers. Thus, over a period of time, water accumulates in the trenches.
The climatic setting of the site, with average precipitation of about
45 inches/year, aggravates the problem associated with the accumulation
of water in the trenches. This accumulation of water in the trenches
is referred to as the bathtub effect. One major consequence of this
effect is that because of the retention of water, the trench will with
time become full and overflow. This occurrence will lead to an immediate
release of radionuclides to the biosphere. Furthermore, because water
is exposed to the buried waste for sufficiently long periods,of time,
concentrations of radionuclides dissolved in the trench water tend
to be higher than concentrations if the water were allowed to drain
through the trench at a rate comparable to the infiltration rate.
A further complication caused by the presence of leachate in the
disposal trenches is the difficulty in assuring the total removal of
this liquid. During the backfilling of trenches, dams were placed
at the bottom of the waste-fill to separate contaminated rainfall (that
which had contacted the waste) from rain falling in the unused portion
of the trench. The hydrologic isolation of portions of the trench
makes the task of leachate removal via a central dewatering sump
impossible. In later years of disposal operations, multiple sump
locations were made within the trench. Additionally, new sumps have
also been installed in the closed trenches from time to time to overcome
this problem.
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Trench Cover Subsidence
During site operation, the trenches were filled with various types
of waste containers. These containers were placed in a loose and random
manner within the trenches. The waste-filled trenches were then
backfilled with a soil comprised of weathered shale. The backfill
material typically did not totally fill the voids between the waste
containers. This condition has led to significant consolidation of
the fill through normal densification, container deterioration, and
caving in of the soil backfill and trench cover material into the voids
in the trench resulting in a loss of trench cover integrity. This
loss of integrity of the trench cover contributed significantly to
the problem of water accumulation in the trenches. The low permeability
of the rock formations at the MFDS makes any failure in the trench
cover particularly important, since additional water that enters the
trench as a result of cover failures will most likely accumulate in
the trench and be exposed to the waste.
Radionuclide Migration
Before the present program of water management was instituted
at the site, accumulation of fluids occurred to the extent that trenches
filled and contaminents reached the ground surface by seeping through
the trench cover.
Radionuclides also have been detected moving through fractures
in a sandstone bed. The extent of this occurence was sufficient to
cause initiation of corrective measures to halt the movement of this
contamination.
Also contaminants have been detected in several
observation wells at the site. In these instances, the volumes of
contaminated water detected were judged to be low enough to not require
corrective measures.
Groundwater Monitoring Difficulty
Although the overall permeability of the formations at the MFDS
is very low, there are sandstone layers or lenses within the burial
zone which are more fractured than the host shale rocks. The
permeability along these fractures in the sandstone is significantly
higher than the permeability of the unfractured portions of the shales
or the sandstone. These layers, therefore, may contribute to local
migration along the fractures when water accumulates in the trench,
as occurred in 1977. Because of the uncertainty involved in predicting
the location, orientation, and character of the subsurface fractures
and in predicting whether such fractures intercept completed trenches,
it is difficult to develop a site groundwater monitoring program which
ensures that any significant migration will be observed.
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SITE STABILIZATION ACTIVITIES
Although it was determined at the time of site closure that the
MFDS did not pose a public health hazard, the potential did exist for
the movement of radionuclides, thus a program for site stabilization
was implemented.
A significant amount of remedial activity has been carried out
at the MFDS. The purpose of these activities generally falls into
one of the following categories:
0

Routine operations, maintenance,
site problems

o

Site characterizations and investigations

o

Stabilization experiments and tests

o

Environmental monitoring

and

remediation

of

These activities will be briefly discussed in the sections to
follow.
Routine Operations, Maintenance and Remediation
These activities have included the actions taken to mitigate
potential hazards associated with the accumulation ;of water in the
trenches. In summary these are:
0

Reduce the infiltration of rainfall into the closed
burial trenches

o

Remove the liquid present in the trenches

o

Evaporating and concentrating the trench leachate in
preparation for solidification and on-site burial

0

Installation of a plastic surface infiltration barrier

0

Maintaining
subsidence

site

grades

and

backfilling

areas

of

As a result of these activities, the volume of water in the trenches
has been reduced. In addition, further infiltration of surface water
into the trenches has been significantly reduced. The reduction in
infiltration was accomplished by the placement of a polymer membrane
(polyvinylchloride) as a surface layer over the trenches. While this
is only a temporary enhancement requiring frequent maintenance, it
has impeded infiltration sufficiently to facilitate dewatering of the
trenches and minimization of any current risks associated with trench
leachate overflow.
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Site Characterization and Investigations
Site characterizations and investigations have concentrated on
several areas. Each is discussed below.
Geological Evaluations - Several geological evaluations have been
performed at the site. Walker (1962) described the lithology based
on eight drill holes at the site. Later, EMCON Associates (EMCON,
1975) augmented these with 14 additional borings and descriptions of
lithology and soil characteristics. Additional geological data are
available from 9 borings made by the USGS (Zehner, 1983). Almost 100
near surface borings to the lower sandstone lens has been made by the
USGS to study the flow of leachate along this route (Lyverse, 1985).
Geophysical Evaluations - Limited information is available on
geophysical evaluations performed prior to the start of site operation.
Two specific evaluations which were completed after operations began
include:
0

Geophysical logs of wells have been performed consisting
of gamma counts on wells existing in 1973 and gamma,
neutron, and caliper logs on the EMCON wells in 1974.

0

Subsurface radar profiling tests by Geo-Centers, Inc.
(GCI, 1982) have been performed to map trench locations.
These results were reported to be marginally successful
due to the high moisture content of the native soils.

Hydrolocpcal Evaluations - Extensive hydrological evaluations
have been performed at the site. Investigations by the USGS include
borings reported in Zehner (1983) and Lyverse (1985). Hydrological
investigations conducted to-date have included:
0
Surface water study and characterization of drainage
routes. In addition, low flow and specific conductance
measurements were made leading to the conclusion that
some contribution to stream flow is derived by flow
out of bedrock.
0

Well and spring reconnaissance including study of drilled
and dug wells and the inventory of 27 springs

0

Borehole and well tests

0

Site water quality evaluations

0

Site water ltvel measurements
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Attempts to fit the site to hydrological models have not been
successful due to the complicated subsurface flow patterns (Pollock
and Zehner, 1981).
Environmental Evaluations - Since the first indications of surface
water infiltration and accumulation in the closed disposal trenches,
many special environmental monitoring programs have been developed
to assess the impact of the site on the surrounding environment. These
studies have been performed by the Commonwealth and its contractors,
by the EPA, by the NRC, and by various other organizations including
the USGS, Brookhaven National Laboratory, Los Alamos National Laboratory,
University of California, Battelle Pacific Northwest Laboratory, and
the USDOE. Four primary potential offsite exposure pathways have been
identified by these studies:
0

Surface water runoff

0

Atmospheric fallout from the evaporator

0

Lateral movement from trenches through the soil zone, and

0

Subsurface movement through fractures.
Site Stabilization/Closure Demonstrations

Demonstrations encompassing a surface water infiltration barrier,
stabilization of a waste trench by in-situ waste grouting, solidification
of evaporator concentrates and construction of an improved disposal
trench in a fractured geologic environment in a humid climate have
been performed at the MFDS. All of these demonstrations were funded
wholly or in part by a grant from the U.S. Department of Energy. These
activities will be briefly discussed below.
"Proof-of-Concept" Barrier Demonstration - In June, 1982, the
construction phase of a project designed to demonstrate the ability
to install a subsurface polymer membrane (polyvinylchloride) was
completed. The project was designed to identify the problems and the
solutions associated with the installation of a polymer membrane below
a 45 cm soil layer. The project also was designed to verify the
effectiveness of this barrier. Results reported in Razor (1983) indicate
that use of such membranes may be feasible for short-term (tens of
years) infiltration control provided proper care is exercised during
installation to prevent; stretching and tearing.
In-Situ Waste Grouting - A method of trench stabilization involving
the injection of a chemical grout into the trench void space was
performed. This demonstration was designed to assess the ability to
inject a chemical grout into the void spaces surrounding the wastes
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and to evaluate its effectiveness in providing for long-term trench
and waste stability. The project will also provide useful information
on the ability to hydrologically isolate portions of a waste trench
by grouting. The project was completed in June 1984 and was successful
in meeting all design parameters. The grout flowed freely to all
portions of the trench test cell, injection was accomplished without
difficulty, over 90% of the accessible void volume was filled with
grout and the trench test cell hydraulic conductivity was reduced from
approximately 1 cm/sec to approximately 10~4cm/sec. (Haight, 1985).
With over two years of monitoring data, the test cell continues to
perform successfully. Figure 2 shows the trend of the hydraulic
conductivity measurements at the four monitoring locations.
Solidification of Evaporator Concentrates - The concentrates
resulting from the evaporation and chemical treatment of the trench
leachate has been stored in above ground tanks at MFDS since initial
evaporator operations. An estimated 100,000 gallons of concentrates
were stored in this manner. Westinghouse Hittman Nuclear Inc.
solidified these liquid wastes using a cement based formulation. The
waste was subjected to the leachabiMty, compression and immersion
tests of the U.S. Nuclear Regulatory Branch Technical Position for
Solidified Media (Westinghouse, 1986). The wastes were disposed of
in 55 gallon drums into an improved disposal trench as a "real" test
waste for trench performance verification.
Improved Disposal Trench - The two related problems of trench
cover subsidence and infiltration of water into disposal trenches have
been the major causes of failure in humid environments and has continued
to defer decommissioning at existing sites. This project was to design
an improved disposal trench which would provide long term structural
stability and the management of ground and surface water. Construction
of the trench was begun in the fall of 1985 for the burial of the
solidified evaporator concentrate waste. The project has several
innovative solutions to these problems. These included the construction
of a perimeter slurry wall within the trench, the use of waste containers
as forms for the formation of cement grout columns and walls which
support the trench cover, and the construction of infiltration barriers
composed of gravel and granular bentonite. A monitoring program was
incorporated into the trench to test the performance of these solutions.
Tracers are used to indicate the presence of leachate and for the
performance of the trench cover infiltration barrier. To determine
runoff and infiltration rates for the trench cover, a complete water
balance of the trench area will be made. Elevation markers will be
placed on the trench cover to determine and detect subsidence (Funk,
1986). The trench was completed in August 1986 with no major
construction difficulties encountered and it appears that the design
was successfully implemented.
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Figure 2. Trend Analysis of Well Hydraulic Conductivity
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CONCEPTUAL CLOSURE DESIGNS
At the time of site lease purchase, a water management problem
consisting of rainfall infiltration into the trenches existed at the
site which required immediate action. Several corrective actions were
initiated and are being continued by the Commonwealth to provide
short-term remediation of this situation. These short-term remedies,
however, do not appear to be either practical or economically desirable
for the long-term. This problem and related corrective actions are
discussed elsewhere in this paper. A more positive approach to this
water management problem would be to decommission the site: that is,
implement long-lived preventive measures so that only periodic
surveillance and limited maintenance of the site is required over the
long term.
To begin this process, the state and its contractor, Westinghouse
Hittman Nuclear Inc., with the financial assistance of USDOE developed
a program to come up with a meaningful and realistic closure plan.
This work included the establishment of design performance standards
for the closure plan, identification of alternatives for closure and
evaluation of major alternatives for the closure plan. A detailed
discussion of this work can be found in Westinghouse (1983). Based
upon the work performed to date, it would appear that a grouted waste
cell with enhanced earthern cover incorporating subsurface drainage
layers and a bio-intrusion barrier would be the best overall design
and could be implemented at a reasonable cost. Figure 3 provides a
conceptual design of a grout closure technique. This design is by
no means the only possibility but does provide a conceptual idea of
one plan.
SUPERFUND
The Maxey Flats Radioactive Waste Disposal Facility has been added
to the National Priority List (NPL) and will undergo remediation and
closure under Superfund. To the best of our knowledge this will be
the first commercial radioactive disposal site included in such action.
Based upon the state's concern for the hazardous waste and heavy metals
in the waste disposed at the site and the fact that trench leachate
has been demonstrated to be moving via a sandstone lens which forms
the bottom of most of the trenches, the state has indicated to USEPA
that this facility should receive a high priority for remediation and
closure. The state has proceeded accordingly. In addition to site
remediation activities such as erosion control, surface cover
enhancement, leachate withdrawal, treatment and evaporation, and
environmental surveillance, this work also included the development
of conceptual closure designs.
After the state submitted the standard Mitre Hazard Ranking, the
site was nominated for inclusion on the NPL and the USEPA proceeded
with a site review which culminated in preparation of a Forward Planning
Study (FPS). The FPS identified sources of existing environmental
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Figure 3. Conceptual Design of Grout Closure Technique

COMPONENT

MATERIAL

VEGETATIVE
COVER

SEED/
TOP SOIL

EARTH
COVER

NATIVE
SOIL

GRADED!
FILTER /
BIO-INTRUSION
BARRIER
DRAINAGE
FILTER
INFILTRATION
BARRIER

SAND
GRAVEL

766103-4

6"

data, site ope stional data, related studies and reviewed the existing
proposed closure concepts. As a result of that review, a Work Plan
for a Remedial Investigation/Feasibility Study (RI/FS) has been prepared
for implementation. Concurrent with these activities, the state and
USEPA are negotiating a Memorandum of Understanding setting forth each
party's responsibilities for the superfund closure activities at Maxey
Flats. This work will culminate in Remedial Investigation and
Feasibility Studies reports being prepared and a preferred final closure
design based upon installation, performance, monitoring, cost and
lifetime. Based upon available information, the five closure options
to be reviewed are abandonment; present site operations (i.e. plastic
cover, leachate pumping and evaporation, and erosion control); site
trench stabilization with enhanced earthen cover; site trench
stabilization with enhanced earthen cover and with barrier/drainage
walls for groundwater diversion; and exhumation.
SUMMARY
In summary, features of the MFDS create unique conditions which
must be addressed during closure. These features are as follows:
First, the very low overall permeability of the rock formations at
the site can allow an accumulation of fluids within the trenches.
This accumulation of fluids in trenches is called the bathtub effect.
Second, fractures, which exhibit a much greater permeability than the
unfractured bulk of the rock create uncertainty relative to the direction
and occurrence of groundwater migration and make difficult a thorough
understanding of hydrologic conditions at the site. Therefore it is
difficult to implement a groundwater monitoring program which will
give adequate assurance that if any significant migration will be
observed, should it occur. Third, subsidence associated with the
long-term consolidation of loosely placed waste in the trenches often
damages the covers of the trenches. This damage to trench covers
increases the problems caused by infiltration of precipitation into
the trenches. Fourth, because of the bathtub effect, water which
infiltrates to the waste is in contact with the waste for a sufficiently
long period of time to become contaminated. This contaminated water,
if allowed to exit the trench through fracture flow, or by spilling
over the top of the trench, is a potential environmental hazard.
The difficulty with the current status of the site is that the
plastic membrane covering the site has a very short lifetime, resulting
in the need for constant custodial activity to repair damage, and the
need for replacement on an eighteen month cycle. This represents a
recurring cost to the Commonwealth which can be eliminated by the proper
decommissioning of the site.
With the information available about the Maxey Flats Disposal
Site and the fact that the site is now on the U.S. Environmental
Protection Agency National Priority List, the closure of the waste
disposal site should proceed in a timely manner and at an economically
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feasible cost. The result of these activities will be the closure
and passive ironitoring and observation of one of the nations largest
comnrercial low-level radioactive waste disposal sites which has had
a history of problems and environmental concern. This action would
be considered a triumph in eliminating a major problem in northeast
Kentucky.
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risk factors, such as C-14, Tc-99, I-(29 and Np-237. Additional, less
mobile radionuclides, such as Ni-94, Pb-21O and Po-210, became important
in cases where the trenches overflow and these radionuclides can be
discharged d i r e c t l y onto the land surface and surface waters, without
retardation W l M T ^ V f r K I F F l W i r c W ^ S R A f i ^ ^ ^
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become
137 can
can become

important, while the mobile radionuclides become much less so. Figure 4
shows the relative importances
radionuclides in each nydro'gpg'l ^
"unit curie
response" analysis. These incTu3ell*C-1
1-129, Cs-135, Po-210, Ra-228, Np-237 and Cm-243.
0

.pV|>0 health effects depends
ff §Gfficient concentration
analysis, on a waste stream by
w.tth.fm anal sis of the site f u l l y loaded

In addition, a radionuclide's
to a great degree, on whether it isi
in the waste. The "unit volume response"

has

&m

been

lfldewl»»fcfiiflMte%Qal9applicat1
ftasickftftfli sponsored by the
fnitsproved

p?
transuranic
IsSrl&lie}*ict.rification converts contaminated soils and waste
inclusions into a durable glass and crystalline waste form by in-place
"uwirte vb.lurrifeftTeBpoosiTn§rjat>fei^rod%58H 1t"N$s TRUCiHdi^%%i^n 'pi'^duct radioimpwtdJarderaTtiloiwgliJtftBi eal*tff^lw/a$^i^<a^te§i^si4l%rft» ttt? •fiAPrtP^ftrn, and

hoiiio»|ifeks^i(sttillgoi»|qitfrii4lftteB*f1o*lai|% Ws%UPWe^lQce» depending on the
hydrogeologic/climatic s e t t i n g . I f Figure 4 is compared with Figure 5,
r.fin aUn SPP how radionuclides. which were important on a per curie
a waste stream basis. ^Jfeptunium-237 is
ba, Tlsj, are noOffcfi^er
an excellent
boi h~l5ur "unit icurie response "Ttfialysis and our
a! radionucllides. Np-237 w is
se c i t •
in
po entially the most critic.i adionucSiitiatdiciCAuse of |i ;s high mbbilpty Porous
Glass
in nater pa^hwaj s, ills high okicity,f]and [its }png ha

Hfe

- 1

Fo
ex
Holieyon
im ortance
al ays to t
wh ch coult bring
of radionuc"lides.

Rock

f a r
onucli
cifflc factor
portart radio
j ^ discussed

to
Soim of tr
Electrode
Who is the receptor? Rt view of Figure's 2 and 3 cl
when the disposal conditions and the radionucnoes released remain tne
same, the r e l a t i v e impact to the general population and c r i t i c a l
population groupsFfcSHREhinge Iwhe1rttti^dlH3lge{}fltgati'ofliM«H4n^rP4^i^^
change. In general, however, the potential impact of a LLW disposal
faT;ridii$Voprbte9jertarsalbqDBiPud«te4rjpt«|

tests,
4 largesties of each
system are power level, electrode spacing, and mass of the vitrified block produced (see Table 1 ) .
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TABLE 1.
Test

ISV Test Characteristics

Electrode
Power, kW

Spacing, m

Bench-Scale

10

0.10

Engineering-Scale

30

0.23 to 0.36

Pilot-Scale

500

Large-Scale

3,700

1.2

3.5 to 5.5

V i t r i f i e d Block Mass
Per Setting, t
0.001 to 0.010
0.05 to 1.0
10 to 50
350 to 800

The p i l o t - and large-scale testing units are depicted in Figure 2.

FIGURE 2.

Pilot- and Large-Scale Testing Units
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The major advantages of the ISV process as a means of stabilizing
radioactive and hazardous wastes are:
•

Safety in terms of minimizing worker and public exposure

•

Long-term durability of the waste form (>1 million years)

•

Cost effectiveness ($150 to $300/m3)

•

Applicability to a wide variety of soils and inclusions

•

Potential for the elimination of the need for exhumation,
transport, and handling.

Another application considered for isolation of radioactively contaminated
soils, but not yet developed, is the generation of impermeable barrier
walls to prevent groundwater seepage into a site. The barrier technique
could also be used over the surface of an existing disposal site to deter
plant and animal intrusion.
The development units have been extensively tested with many types of soils
and waste inclusions such as concrete, buried metals, sealed containers
(Oma et al, 1983), organic chemicals with high boiling points such as polychlorinated biphenyls (PCBs) (Timmerman 1986), and inorganic chemicals,
including toxic heavy metals, nitrates, and sulfates (Buelt and Carter
1986).
The results of recent large-scale field tests show that nitrates, which may
be associated with radioactive wastes, are reduced to their elemental
states when exposed to the high processing temperatures (1450°C to 1600°C)
and the reducing conditions in the molten soil. Sulfates are partially
decomposed by the thermal process, and the material released to the hood is
scrubbed out by the off-gas treatment system. Fluorides, when present in
quantities of up to several hundred parts per million, are retained in the
glass at the 98% level, and the balance is removed by the off-gas treatment
system.
The data for the retention and removal of toxic heavy metals and radionuclides are equally impressive, as shown in Table 2.
TABLE 2. Decontamination Factors of Heavy Metals and Radionuclides
Type of Heavy
Metal Radionuclides
Particulates
Sr, Pu, U, La, Nd
Semi-Volatiles
Co, Cs, Sb, Te, Mo

Soil

Combination

105

105

10 10

102

104

106

2-10

104

Volatiles
Cd. Pb

Off Gas

A
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105

Decontamination factors (DFs) are defined as:
DF = Input or original concentration
Exit concentration
The combined DFs for TRUs and fission products are sufficient to surpass
regulatory requirements for release at the stack as defined by 10 CFR 20
Table II (NRC 1984).
Given the results, the process may be especially attractive to mixed
radioactive and hazardous chemical wastes. Nitrates and organics are
destroyed, while heavy metals and fluorides are retained to a high percentage within the molten soil during processing. At $200 to $300/nr for
radioactive waste, the process is economically competitive with many
alternative remediation processes. The process has been broadly patented
(Brouns, Buelt, and Bonner 1983). The ISV process has been developed to
the point where it is ready for large-scale field testing at an actual TRUcontaminated soil site. Depending on the type of waste and/or the
performance analysis of the planned large-scale radioactive test, ISV
technology is at or near the stage of techology transfer.
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RECLAMATION OF A URANIFEROUS LIGNITE MINE, NORTH DAKOTA
R. L. Houghton, R. L. Hall, J. D. Unseth, J. D. Wald
U.S. Geological Survey
Bismarck, ND 58501
J. L. Burgess, D. P. Patrick
North Dakota State Department of Health
Bismarck, ND 58505
and
G. S. Anderson and S. R. Hill
North Dakota Public Service Commission
Bismarck, ND 58505

SUMMARY PAPER
Uraniferous lignite deposits in the Fort Union Formation of western North
Dakota were formed by percolating ground water that leached uranium and
associated elements from volcanic ash beds and deposited them in the first
underlying, organic-rich, reducing zone encountered. Oxidation of the
uraniferous lignite following subsequent periods of erosion permitted
remobilization of much of the uranium to form deposits of uranyl sulfate
septahydrate salts in overlying sand.
About 268,000 kilograms of uranium oxide was recovered from 86,000 metric
tons of lignite mined in at least 16 pits between 1955 and 1967.
Overburden was stripped, and the lignite was burned in the bottom of mine
pits or in nearby kilns to concentrate the uranium in its ash. Uranium
subsequently was recovered from the ash at uranium processing plants in
other states.
Because uranium salts in the overburden generally were not recovered,
surface gamma ray exposure levels of spoils piles at abandoned mine
sites are as much as 500 microroentgens per hour, approximately 30 times
local background levels. Percolating ground water leaches spoils and
residual ash, introducing uranium and associated elements such as radium,
molybdenum, and selenium to water in the lignite aquifers or exposed in
the pits. Water in the aquifers and mine pits has uranium concentrations
ranging from 12 to 19,000 micrograms per liter and associated radium-226
concentrations ranging from 1 to 73 picocuries per liter. Seven- to
twelve-meter thick underclays beneath the lignite aquifers have prevented
detectable degradation of water in underlying aquifers.
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A pilot reclamation project was implemented at one abandoned pit at the
Palaniuk Mine in central Billings County during the summer of 1985. The
reclamation involved the replacement of spoils into the source pit. Based
on analyses of drill-hole cuttings and cored spoils obtained from 0.6meter depth increments on a 15-meter grid over the 3.3-hectare spoils
pile, spoils with uranium concentrations more than 5 times greater than
background concentrations were identified and mapped in 3 dimensions
(figure 1 ) . Similarly, spoils with radium-226 concentrations more than
5 picocuries per gram greater than background levels or with spoils
specific conductances greater than 5,000 microsiemens per centimeter at
25 degrees Celsius also were mapped. Spoils exceeding any of these
criteria were identified for special handling (figure 2 ) . These "mostcontaminated" spoils were replaced selectively in the mine pit above the
water table to prevent dissolution of soluble uranium salts (figure 3 ) .
Spoils with a specific conductance greater than 5,000 microsiemens per
centimeter at 25 degrees Celsius were replaced at least 2.4 meters below
the postreclamation ground surface so that revegetation would not be
hindered and above the water table to prevent increasing dissolved-solids
concentrations in the aquifer. Replaced spoils of high radioactivity and
specific conductance were capped with clay from the base of the mine pit,
and the surface topography was mounded to minimize infiltration that might
introduce radioactive and other soluble salts into the aquifer. The spoils
were covered with a minimum of about 1.5 meters of spoils and topsoil
containing lesser concentrations of radioactive constituents to minimize
postreclamation surface radiation exposure levels. Finally, the spoils
were revegetated with a mixture of prairie grasses.
Concentrations of uranium, radium-226, and associated trace elements in
ground water passing through the reclaimed pit are 2 to 4 times less than
concentrations determined prior to reclamation. Uranium concentrations in
soil water above the clay cap are less than 20 micrograms per liter 1 year
after reclamation. These concentrations are comparable to those in
surrounding undisturbed soils and are about one-tenth of the prereclamation
concentrations. Furthermore, radon emanations from the reclaimed site are
less than 14 picocuries per square meter-second, about one-tenth of the
prereclamation values.
The postreclamation land is expected to remain as prairie, set aside for
wildlife use. However, use of the land for grazing purposes appears to
be an acceptable alternative. Prereclamation concentrations of uranium
in native western wheatgrass ranged from 0.09 to 0.49 micrograms per
gram. Cattle grazing on the wheatgrass were found to have concentrations
in muscle tissue ranging from 0.01 to 0.14 micrograms per gram. Such
concentrations have not been reported to be a threat to human or animal
health. Accordingly, postreclamation grazing should be an acceptable land
use.
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DEVELOPMENT OF CORRECTIVE MEASURES AND SITE STABILIZATION
TECHNOLOGIES FOR SHALLOW LAND BURIAL FACILITIES AT SEMIARID SITES
J. W. Nyhan and W. V. Abeele
Los Alamos National Laboratory

SUMMARY PAPER
INTRODUCTION
Trench covers used for shallow land burial (SLB) of low-level radioactive
wastes are exposed to a very dynamic environment and must isolate waste
under harsh temperature regimes, dramatic changes in plant and animal
species composition as natural succession occurs, and under extreme
conditions of wetting and drying. Failure to perform in any of these areas
can result in the failure of engineered barriers within the cover, excessive
erosion of the cover soil, excess percolation of water into the trench, and
plant and animal intrusion and immobilization of the waste. Under these
constraints, it is not surprising that the most frequent failure mode at
existing LLW sites in the U. S. involves processes interacting with the
trench cover (1). Fortunately, the accessibility of the trench cover
facilitates required remedial action to correct contamination problems, in
direct contrast to correcting problems arising from ground water
contamination, but the existence of these problems prohibits the successful
stabilization and closure of the burial site.
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The overall purpose of the corrective measures task performed for the
National Low-Level Waste Management Program (NLLWMP) has been to develop and
test methods that can be used to correct any actual or anticipated problems
with new and existing SLB sites in a semiarid environment. These field
tests have not only evaluated remedial actions, but have also investigated
phenomena suspected of being a possible problem at semiarid SLB sites. The
approach we have taken in developing remedial action and site closure
technologies for low-level waste sites is to recognize that physical and
biological processes affecting site integrity are interdependent, and
therefore, cannot be treated as separate problems.
More specifically the field experiments performed for this task were to
identify, evaluate, and model erosion control technologies, field test
second generation biointrusion barriers, determine by field experiments the
extent of upward radionuclide migration due to moisture cycling, and measure
the effects of subsidence on remedial action of other system components. In
the following sections of this final task summary report, we will describe
the progress made in establishing the facility in which many of these field
experiments were performed, the Los Alamos Experimental Engineered Test
Facility (EETF). as well as a brief description of the four research areas
encompassed by this task.
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CONCEPT AND ESTABLISHMENT OF THE LOS ALAMOS EETF
During 1981, a 8.6 ha plot of land was obtained from the Los Alamos
National Laboratory to be used for field experiments for the DOE NLLWMP.
This facility was named the Los Alamos EETF. The construction and
development of this site started in 1981 and continued through 1986. In
this test facility, basic information has been obtained on the physical,
chemical, and biological processes that impinge on SLB site operations, and
new concepts for SLB can be tested on an accelerated basis and on an
appropriate scale. The purpose of the EETF was to collect data for
construction of waste disposal facilities in a completely engineered
environment (2).
The EETF is a field test site where generic experiments can be performed
on several scales to get the basic information necessary to understand the
processes occurring in low-level waste disposal facilities. Three general
scales have been chosen for the experiments in this facility: small-scale
isolated variable experiments, intermediate-scale experiments, and
large-scale integrated experiments. The isolated variable experiments, for
example, have been performed in two experiment clusters, each of which
consists of six experimental caissons clustered around a central access and
instrument caisson. These six experiment caissons and the access and
instrument caisson are the same size, 3 m in diameter and 6 m deep, and are
arranged in a close-packed array. The access ports connecting the
instrument and experimental caissons allow samples to be collected
horizontally without disturbing the surface of the caisson or allowing
vertical access by water to the packing material and simulated waste forms.
Further descriptions of the EETF facilities and initial experimental
design considerations can be found in several early project publications (2,
3, 4) as well as a final task report (5).

MOISTURE CYCLING EFFECTS ON CHEMICAL TRANSPORT
A process about which little is known is the effect of capillary forces
created by evaporation of water at the soil surface in drawing soil moisture
and soluble chemicals to the surface of a low-level waste site. Our field
study evaluated the importance of this process as a radionuclide transport
mechanism as functions of initial soil water status, simulated waste burial
depths, and the presence or absence of plants (6, 7). Stable isotopes of
cesium, strontium and cobalt, as well as tritiated water, were added to each
experimental field unit (0.91 m-diameter by 1.5 m-deep metal culverts)
filled with crushed tuff. This field experiment was initiated on July 2,
1981 and horizontal soil cores were collected in each experimental unit to
determine the vertical distribution of tracers when the experiment was
terminated on October 5, 1982.
The results of this experiment have been presented in a series of annual
reports (6, 8, 9 ) , a final subtask report (7), and a final task report (5).
These results indicate that, for cesium and cobalt, no significant
differences could be detected in the distribution of tracer during the
experiment, with or without plants present, at either the 28 or 62 cm
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original tracer placement depths. For strontium, the peak concentration
moved downward in the barren soils, while little migration was detected in
the soils permeated by plant roots, probably because of less downward
movement of the soil water.

i

In terms of tracer migration, tritium demonstrated the most mobile
behavior of all of the tracers used in the experiment, as was expected. The
tritum inventory data presented in Fig. 1 for the experimental units with
initially dry soil conditions show the pronounced effect of plants on the
tritium inventories. After two growing seasons the containers without
plants retained 48% of the tritium initially added to the containers at 34
cm, wheras the containers with plants had lost 80% of their tritium
inventory through evapotranspiration processes. Emplacing the tritium
tracer at 64 cm. (Fig. 1) resulted in slightly more tritium inventory
retention, but the plants still evapotranspired 68% of the tritium inventory
out of the containers. If the initial soil conditions are wetter (50%
saturation versus 25% saturation), the major effect appears to be that more
of the tritium inventory is retained for all of the experimental units with
no plants, regardless of tracer emplacement depth. However, the units with
plants in them still lost 79% to 87% of their original tritium inventory
because of evapotranspiration.
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Figure 1. Tritium inventories in moisture-cycling
experimental units with dry initial conditions.
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IDENTIFICATION. EVALUATION, AND MODELING OF EROSION CONTROL TECHNOLOGIES
The basic challenge we faced in the erosion control technology subtask was
that no systematic environmental studies had been performed for erosion
processes on SLB configurations. In addition, the data orginially used to
develop the universal soil loss equation (USLE) were extensive, including
10,000 plot-years of data from natural runoff plots and small watersheds for
a wide range of soils, slope length and steepness, crops, and management
practices common to croplands in the eastern United States. The data used
to extend the USLE to the West and the rangeland were limited in comparison
with the original data.
Thus, for this subtask, it was recognized at the onset that research and
experiments needed to be constructed to determine the nature and scope of
the problems, as well as to field test solutions to the problems. The other
characteristic of this subtask was that since the U. S. Department of
Agriculture Agricultural Research Service (USDA-ARS) has been the leading
authority on soil erosion for 35 years, most of our research has been a
joint study with USDA-ARS.
With this challenge in mind, we decided to attempt to transfer USDA-ARS
technology to the NLLWMP SLB problems in three areas as identified early in
the research program (6, 10). Since no field data were available in 1981,
we first evaluated the USDA-ARS CREAMS model for modeling surface processes
for soil profiles typical of that in SLB facilities. Secondly, we collected
rain simulator data using standard USDA soil erosion plots to determine USLE
factors for SLB profiles typical of those found at Los Alamos. Thirdly, we
collected the field data that Jacobs et al. (1) had identified as a basic
information need for SLB: long-term infiltration of water into a SLB trench
cap, as balanced by soil erosion at the surface of the trench cap. These
three activities are reported in the following subsections.
Creams Modeling Research
To analyze the hydrologic processes affecting cover integrity requires
procedures to estimate the components of a water balance: runoff,
infiltration, percolation, evapotranspiration, soil moisture, and erosion.
Because these processes are related and are functions of the climatic
inputs, a continuous simulation model is required to maintain an accurate
water balance. In response to these needs, we were the first to apply a
reasonably simple simulation model, CREAMS, that incorporates fundamental
principles of hydrology, hydraulics, erosion, deposition, and sediment
transport mechanics to SLB configurations (11). The model is intended to be
useful without calibration or collection of extensive data to estimate
parameter values. Although the scientific basis for the CREAMS model had
been documented for agricultural systems (12) we eventually produced a
user's manual for calculating water balance relationships for SLB (13).
Several reports have been published between 1981 and 1986 on the use of
CREAMS in SLB configurations (14, 15, 16, 17). The details on how the model
works and the various input/output options are presented elsewhere (11, 13,
14).
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Once a model such as CREAMS has been field validated, it can be used in
optimizing configurations of specific components (15, 18). For example, an
important variable in the design of an SLB trench cap is the thickness of
the cap material. Optimizing storage capacity for a particular climatic
regime to confine soil water to the trench cap, where it can be pumped back
to the atmosphere by evapotranspiration, provides a potentially effective
means of preventing percolation.
Based upon CREAMS simulations, the effects of increasing trench cap soil
thickness on various components of the water balance for both vegetated and
bare soil conditions are presented in Fig. 2. If we focus on seepage or
percolation as a function of increasing cap thickness, we see that
increasing thickness had little effect under bare soil conditions, but as
thickness increases to about 1 m, seepage below the vegetated surface
reached a minimum dictated by the plant rooting depth. Further increasing
cap thickness had little effect on seepage because the plant roots could not
exploit the deeper regions. This fact was further illustrated by the
evapotranspiration curves in Fig. 2, which show that evaporation from the
bare soil increased slightly as trench cap thickness increased to about 30
cm, but reached a plateau of 30 cm and greater depths. This response is
explained by the fact that evaporation, under the conditions simulated for
Los Alamos, is only effective in abstracting soil water to about a 30-cm
depth. In contrast, increasing evapotranspiration from the vegetated
surface occurs to a trench cap depth of about 1 m where it. too, reaches
equilibrium as a consequence of rooting depth being restricted to 1 m.

~r*Kt\ Cap Thtekntss (m)

Figure 2. Predicted average annual hydrologic
values as a function of sandy-loam trench cap
thickness at Los Alamos, NM, 1951-1970.
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Rainfall Simulator Field Research to Determine USLE Factors for SLB
The purpose of our research was to study erosion rates and processes
affecting the integrity of earth covers used in SLB at Los Alamos, New
Mexico. We used a rainfall simulator (19) to study runoff and erosion on
simulated trench caps designed to closely match actual trench caps used for
SLB at Los Alamos.
Erosion plots (3.05 by 10.7 m) were subjected to simulated rainfall from a
rotating boom simulator (Fig. 11) using previously described materials and a
experimental design (6, 8, 9, 10, 17, 20, 21. 22, 23, 24). Briefly, a
simulated trench cap (15 by 63 m) was constructed with a profile consisting
of 15 cm of topsoil (Hackroy sandy loam) over 90 cm of backfill (crushed
Bandelier Tuff), fhe downhill slope of both layers was installed at 7%, and
eight experimental plots were installed in paired-plot configuration. Three
treatments were imposed in 1982: cultivated (up- and down-slope disking),
bare soil, and vegetated. In addition, two natural (undisturbed) plots were
subjected to the same simulated rainfall sequences as the eight treated
plots. In 1983, the treatments were changed to include the following plots:
cultivated, bare soil, bare soil with a gravel (<13-mm diam) cover at an
application rate of 13 kg/m2, and vegetated with the same gravel application
rate.
In 1982, values of apparent runoff/precipitation ratios were much lower on
the plots with natural cover (0.26-0.65) than plots on the highly disturbed
trench cap (0.82-0.99). Soil losses from the plots were influenced more by
variations in sediment concentrations than by discharge rates. Variation in
soil loss between replicated plot treatments was less on the trench cap
plots (14-23%) than on the natural plots (39%). Soil loss from the plots
with natural cover was about 2% of that from the cultivated plots on the
trench cap, and the soil loss from plots with the bare soil and barley cover
treatments on the trench cap had 66 andd 33%, respectively, less soil loss
than did the cultivated plots.
The soil erodibility K factor and soil loss ratios for the cover
management C factor of the USLE were quantified from the soil loss data. An
average value of 0.085 Mg ha h/ha MJ mm was estimated from our cultivated
plot data, with a CV of 16%. Soil loss ratio values for the barley plots on
the trench cap were about 20 times larger than corresponding soil loss
ratios for the natural plots. Determination of the K factor was repeated in
the 1983 rain simulator runs and no significant difference was found between
these values and the 1982 K factor estimate.
The erosion plots studies on the simulated trench cap during 1983 focused
on comparing the soil loss and hydrologic relationships of soil surfaces
with partial covers of gravel and wheatgrass with those of unprotected, bare
soil surfaces. An application rate of 60 t/A resulted in a 95 to 98%
decrease in the amount of soil lost from an unprotected, clean-tilled plot
with up- and down-slope disking. A surface treatment containing a
30-day-old stand of wheatgrass in addition to this gravel cover resulted in
a similar reduction in soil loss. Although the partial gravel cover
treatment dramatically reduced the amount of soil erosion from the simulated
trench cap, this treatment also increased the amount of precipitation that
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infiltrated the trench cap during the rain simulator runs. Only one year
after the gravel treatment was applied to these plots, it was obvious that
the gravel had dramatically begun to sink into the topsoil, resulting in a
loss of erosion protection, and leaving the dense wheatgrass cover (on the
wheatgrass plus gravel treatment) to provide for long-term protection of the
trench cap.
Subsurface Soil Water Monitoring Data From Erosion Plots
Because the hydrologic processes at the surface of an SLB trench cap
influence the management of the subsurface hydrologic processes, we decided
to monitor the long-term changes in soil water content beneath the erosion
plots (5, 8, 9, 17, 21). About four years' worth of neutron moisture gauge
data are presented in Fig. 3 in terms of total soil water inventories in the
trench cap and beneath the trench cap for one erosion plot.

Bare _soil treatment-,_Xpk>t_6}
8-|

TopsoiJ

maximum value

6
o

V

V

V

4

*

m a x i m u m value

LEGEIflfc

CD

Cl - f »

•*->

O-G
A—*

CO

30-i

Beneath Trench Cap

Tube 20
Tube 21
Tube 22

maximum value

o
OT 20-

S F jW Sp S F |W Sp S F|W Sp S F jW

1982 1

1983 I

1984 I

1985 11986

Figure 3. Soil water inventories in plot 6 with
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The roost outstanding feature of these data is that they demonstrate that
relatively wet conditions can occur within and beneath an SLB trench cap in
a semiarid environment. The bare soil treatment, for example, exhibited
about 16 cm of water in the trench cap at the start of the experiment in May
1982 (Fig. 3 ) . After the first winter the snowmelt increased this soil
water inventory to about 26 cm, or about 84% of the trench cap's estimated
capacity of 31 cm. Although the soil water inventory gradually decreased
through the spring of 1983, it then increased to about 27 cm with the summer
precipitation in 1983. Although the relatively small amounts of
precipitation added to the plot (Fig. 3) during 1984 resulted in little
change in soil water inventory in the trench cap, the record winter-spring
of 1985 increased the trench cap inventories in plot 6 to as high as 29 cm,
or- about 94% of saturation!
The bare soil surface treatment definitely demonstrated seepage through
the trench cap (Fig. 3). The total soil water inventory beneath the trench
cap started out at about 6 cm in May 1982, gradually increased to about 17
cm in the summer of 1983, and then increased to a maximum soil water
inventory of about 22 cm during the spring of 1985. Ths latter value
represents a soil water inventory corresponding to about 81% of saturation.
Although it is obvious that there is a considerable influence of spatial
variability in these data (Fig. 3 ) , the data show that over a 4-yr period
the throughput of water into the profile beneath the trench cap was as much
as 16 cm! This definitely destroys the typical stereotype of the hydrologic
cycle in a "nonhumid" environment as having negligible infiltration and
seepage!
FIELD EXPERIMENTS TO TEST SECOND GENERATION BIOINTRUSION BARRIERS
Although vegetation is important in controlling erosion and percolation
(15, 25), deep-rooted plants can access radionuclides and bring them to the
surface of the site (26). Although plants can mobilize buried waste via
their extensive rooting systems (27, 28) they also play an extremely
important role in water balance. The role of animal burrowing in mobilizing
buried waste is generally unknown. A limited data base (24) demonstrates
that burrowing animals can transport radionculides vertically in the soil
profile and may also influence water balance and erosion by changing the
physical characteristics (i.e., porosity, water holding capacity) of surface
and subsurface soils. Trench covers are disturbed soil systems, often
loosely compacted, and are easily invaded by plants and animals. Burrowing
animals use the void spaces left after trench backfilling as natural tunnels
and nesting sites.
Past studies with man-made intrusion barrier materials lead to questions
about the serviceable life of such materials under field conditions. One
program funded by this subtask at the University of Texas at Austin suggests
that materials such as asphalt, hypalon, and concrete have a field life of
no more than 25 years (29). Los Alamos stvidies on biointrusion barriers (8,
9, 10, 15, 18, 25, 30. 31, 32, 33, 34, 35) emphasized the use of soil and
rock because these materials are long-lived in the environment, they are
relatively inexpensive, and preliminary experiments on their performance had
already been conducted by colleagues at Battelle Pacific Northwest
Laboratory (36).
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Although field experiments were also performed in the caissons at the
EETF, in 1982, as part of scheduled remedial action on a 0.61 ha portion of
Area B. our waste site operator presented us with the opportunity to field
test our soil and rock trench cap design and to compare its performance with
the conventional design that was being applied to Area B as part of the
remedial action. Two test plot areas were established at Area B, and the
performance of the two designs in limiting plant root intrusion was
evaluated using cesium tracer (25). About 16 kg of cesium chloride was
applied to a 60- by 40-m area in each plot on top of the existing trench cap
for an application rate 240 g Cs/m2. After the tracer was applied, a 15-cm
layer of uncontaminated soil was spread over the entire area to prevent
cross contamination of the earth-moving machinery and the rest of the cap
materials (biointrusion barrier or crushed tuff) added over the tracer.
Samples of vegetation were collected over time and analyzed for cesium,
using neutron activation techniques as an indication of root penetration
through the biointrusion barrier. In addition, neutron moisture gauge
access tubes were installed at four locations along the slope in each plot
to observe changes in subsurface water above and up to 1 m beneath the
pre-existing trench cap.
Plant samples were collected from these two plots and assayed for their
cesium concentrations for the four-year time interval of this experiment
(Fig. 4 ) . These results generally indicate that after three seasons, the
plant roots still had not uniformly started to penetrate the cesium layer in
both cap designs, precluding a comparison of the relative effectiveness of
the two intrusion barrier designs. Further monitoring of this experiment in
the future will be necessary to reap the full long-term benefits of the
biobarriers to this stabilized burial site.
The most interesting feature of the soil moisture data from Area B is that
snowmelt dominated over rainfall in recharging topsoil moisture and in
contributing to percolation through both cap designs. Major increases in
topsoil moisture were sometimes followed by smaller moisture increases in
the soil underlying the trench caps; this was especially apparent during the
winter when a very sharp increase in backfill moisture occurred following
the rapid rise in topsoil moisture due to snowmelt. Topsoil moisture over
the rock barrier was higher than moisture over the tuff barrier, lending
some support to the potential use of the soil/rock cap design as a capillary
barrier to percolation.
SUBSIDENCE AND SETTLEMENT EFFECTS ON SLB SYSTEM COMPONENTS
The initial purpose of this subtask was to experimentally determine the
effect of subsidence on components of SLB systems such as biobarriers, wick
sys'-'«ms, and migration barriers (3, 10). It soon became obvious that,
although subsidence effects had been generally identified as a problem at
several SLB sites, specific aspects of subsidence problems at SLB sites had
not yet been systematically scoped for nonlayered, uniform porous materials,:
let alone for nonuniform SLB trench cap profiles with distinct layers in
them such as gravel/cobble biointrusion barriers. In addition, in neither
case was there any demonstrated ability to predict what long-term subsidence
effects might occur in the field, with or without a remedial action to
result in long-term stability of the SLB site. Thus, we expanded the
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Figure 4. Cesium concentrations in vegetation
samples collected at Area B.

original objective to include not only a field experiment to simply
determine the effect of subsidence on a gravel/cobble biointrusion barrier
(3. 8, 9, 10, 17, 37, 38, 39, 40) but also several efforts to predict the
extent of subsidence as well as several laboratory studies (41, 4?., 43, 44)
aimed at providing geotechnical information that would allow us to better
understand the field data.
In our field experiments, in order to stress the biobarrier, cavities of
four sizes were created. There are two replicates of each and two control
plots. The experiments are conducted in a trench 38 m long, 15 m wide, and
3 m deep. In the bottom of each 58 m 2 experimental plot we augered a 0.9
m-diameter hole to a depth necessary to equal the desired volume of the
subsidence cavity (1.4, 3.4, 6.4, and 11.5 m deep). Over each of these
drawholes there was a 2.25 m 2 steel plate containing a hinged trap door
fastened closed by explosive closures. One side of the drawholes was cut
away flat to a depth of 1 m to allow the door to open fully. The entire
trench was backfilled to a depth of 2.2 m with crushed tuff, which was
screened to remove particles larger than 5 cm to prevent clogging. The
backfill is overlain by 0.9 m of cobble-gravel biobarrier material and soil.
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A layer of cesium-chloride tracer was placed at the backfill/barrier
interface. Alfalfa was then planted uniformly on the surface.
Two years after the explosive closures had been activated, the natural
precipitation inputs to the entire plot had not been sufficient to increase
the volumetric water content at the 2.8-3.4 m depth greater than 7% to 9% —
too dry for subsidence to occur. Thus, flooding of the area immediately
overlying the drawholes caused subsidence in two holes 1.4 m deep, two holes
3.4 m deep, two holes 6.4 m deep and one hole 11.5 m deep. This is one hole
more than was predicted possible due to supposed failure of opening of two
trapdoors.
It was immediately obvious that all of the subsidence holes had breached
the entire gravel/cobble biobarrier. However, the shape of the subsidence
holes is far from resembling an inverse cone with regular slope. Instead,
it has, in most cases, a vertical wall where the cohesive materials are
located (the Hackroy series soil), and extremely irregular angles where the
diameter of the unstable moving material is not small compared to the height
of the slope (gravel and cobble in our case). The requirement stating that
the diameter of the unstable moving material be small compared to the total
slope is one called to satisfy the demands for obtaining the angle of
repose, which represents the angle of internal friction and/or maximum slope
angle of a granular material at its loosest state. The ratio
diameter/length of the slope is too high in the case of gravel and cobble
and the compression is too high in the crushed tuff for their slope angle to
be representative of the angle indicative of what the angle of repose might
be.
Using the subsidence feature estimating curves from Phillips (45), the
predicted maximum subsidence depths for the 0.89-m3, 2.16-m3, and 4.07-m3
drawholes amount to 0.3 m, 0.6 m. and 0.8 m, as compared with the measured
values of 0.3 m, 0.8 m, and 1.3 m, respectively. The estimated maximum
subsidence diameters for the surveyed cavities of 2.16 m 3 and 4.07 m 3 are
4.75 m and 5.2 m, respectively; this compares with measured values of 3.7 m
and 4.25 m. Thus, our subsidence feature appeared at the rim as a near
vertical depression, which is slowly being transformed to a more shallow
depression of large diameter as the particulates form increasingly stable
slopes. However, regardless of the fact that our drawholes have far from an
idealized void or medium, the shape of our cavities is slowly approaching
the one predicted by Phillips. Indeed, the depth of the cavity is
decreasing as the diameter is increasing, mainly through factors such as
erosion. (Phillip's depths are more shallow and his predicted diameters are
larger than the ones measured to date.) Our depth measurements average
between 133% and 163% of the predicted amount, while our diameters measure
70% and 82%.
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